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SIX DECADES OF DEVELOPMENT

SEST DECENILJA RAZVO.JA

Miroslav MILANKOV and Zoran GOJKOVIC

The Department of Orthopedic Surgery and Tra-
umatology of the Clinical Center of Vojvodina is
today a modern hospital providing health care for
the patients with trauma and disorders of the loco-
motion system. It all started in the 1930s in Novi
Sad, when top surgeons of the time, including Dr.
Vuji¢, Dr. Pravdica, Dr. Holender and Dr. Brezovski
[1] started to treat orthopedic patients. A great im-
pulse in treating orthopedic patients came from Dr
Katherine MacPhail who established Children's
Sanatorium for the Treatment of Bone Tuberculosis
in Sremska Kamenica, which was in operation un-
til 1992 [2, 3]. After the end of the Second World
War, there was a department for orthopedic surge-
ry within the Main Provincial Hospital which in
1956 grew into the first independent Department of
Orthopedics and Traumatology led by the experi-
enced orthopedic surgeon, Dr. Vladimir Razenj.
From 1959 till 1963 the Department was led by
Prim. Dr. Dobrivoje Gradistanac. In 1963, this De-
partment together with the former ,, English Hospi-
tal“ at Sremska K amenicawasincorporated into the
so-called Clinic for Surgical Diseases and divided
in the Department of Orthopedics (led by Prof. Mi-
lenko Dosen [4—6]) and separate Department of
Traumatology (led by Prim. Dr. Stojan Leti¢ [7, 8])
which existed as such until 1975, when they were
integrated again into a single unit which evolved
into the Department of Orthopedic Surgery and
Traumatology in 1980 [9]. In 1998, the head of the
Clinic was Prof. Dr. Jovan Kraj¢inovi¢ [10], under
whose leadership the orthopedic surgical practice
in Vojvodina transformed into a modern surgical
discipline with the Department being a leading cen-
tre for treating foot and ankle pathology [11, 12].
During the social turmoil in the last decade of the
20" century, the medical doctors of the Department
took an active part in treating the wounded and inju-
red people both at the Department and in the field.
A significant contribution to the organization of the

medical care service at that time was given by Prof.
Dr. Djordje Janji¢ [13] who was the head of the De-
partment between 2000 and 2003, and after that Prof.
Dr. Goran Ercegan [14] (2003-2007) became a me-
dical director of the hospital. He was succeeded by
Prof. Dr. Miroslav Milankov, who occupied this po-
sition for a short time, to be followed by Prof. Dr.
Dragan Savi¢ [15], who was a medical director from
2007 to March 2016. He introduced the European
standardsinto the operation of the Department. Prof.
Dr. Dragan Savi¢ was replaced at this position by Dr.
Aleksandar Lazeti¢ [16] who made great efforts to
introduce new osteosynthesis techniques for thetre-
atment of fractures into the routine orthopedic trau-
ma practice. Today, the medical director of the De-
partment is again Prof. Dr. Miroslav Milankov [17].

The modern osteosynthesis techniques for the
treatment of fractures have successfully been appli-
ed at the Department for many yearsnow. Intrame-
dular locking nails were introduced into daily prac-
tice by Prof. Dr. Sasa Vukadinovi¢ [18] in the 1980s.

The first hip replacement surgery was conducted
back in 1969 and such a surgical procedure has be-
come a common practice at the Department [19].
Namely, some 500 hip prosthetic implants are placed
each year. Since 1990, when Prof. Dr. Goran Ercegan
conducted the first knee replacement surgery [20]
some 350 knee implants are placed each year.

Bone allo-transplantation was introduced within
the transplantation program back in the 1980s upon
the initiative of Prof. Dr. Aleksandar Jovanovi¢ and
today bone allografts are used in revision hip sur-
gery and revision anterior cruciate ligament (ACL)
reconstruction surgery.

Sports traumatology has always held an impor-
tant place at the Department [21]. The first arthros-
copic meniscectomy was conducted at the Depar-
tment in 1993, and arthroscopic reconstruction of
the anterior cruciate ligament (ACL) in the knee was
done in 1998 [22-24], followed by the arthroscoic

21000 Novi Sad, Hajduk Veljkova 1-7, E-mail: milankom@eunet.rs
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Table 1. Medical Directors of the Department of Orthopedic Surgery
Tabela 1. Direktori Klinike za ortopedsku hirurgiju i traumatologiju

Dr. Vladimir Razenj

Prim. Dr. Dobrivoje Gradistanac
Prof. Milenko Dosen

Prof. Dr. Jovan Kraj¢inovié
Prof. Dr. Djordje Janji¢

Prof. Dr. Goran Ercegan

Prof. Dr. Mirodav Milankov
Prof. Dr. Dragan Savi¢

Dr. Aleksandar Lazeti¢

Prof. Dr. Miroslav Milankov

1956-1959
1959-1963
1963-1979
1980-1998
1998-2003
2003-2007
2007-2007
2007-2016
2016-2016
2016-

shoulder reconstruction in 2010 [25]. Today around
330 ACL reconstructions in the knee are done each
year at the Department, as well as 300 arthroscopic
interventions in the knee, shoulder, elbow and ankle.

Bone infections have always posed huge pro-
blems for orthopedic surgeons [26, 27]. Therefore,
the infection control ward has been for many years
headed by Prof. Dr. Stevan Vukadinovi¢ [28, 29],
and today by Prof. Dr. Milan Stankovi¢.

Spine traumas have also been treated at the De-
partment for many years, and excellent results have
been achieved thanks to Prof. Dr. Aleksandar Jova-
novi¢ and Prof. Dr. Aleksandar Milic¢i¢ [30, 31].
Their work has been continued by Prof. Dr. Milan
Stankovi¢ and Dr. Vaso Kecojevic.

Credits for the development of scientific thin-
king and for publishing of a great number of scien-
tific papersin domestic and renowned world medi-
cal journals go to Prof. Dr. Zelimir Miki¢ [32-34]
who has directed young generations of orthopedic

surgeons and shown them how to develop their sci-
entific and academic career. Experimental surgery
was well developed at the end of the past century
when a huge number of master’s and doctoral thesis
were written [35, 36]. The Department’s medical
doctors attended many medical conferencesin the
country and abroad where they presented our re-
sults. In addition, our young medical doctors gained
valuable medical experience at the orthopedic cen-
ters throughout Europe.

Today the Department employs 23 medical doc-
tors, 47 nurses and medical technicians, 6 physiot-
herapists, and 3 medical statisticians. In the Clinics
2,400 surgeries and 32,000 medical examinations
are done on a yearly basis. The Department is the
base of educational activity of the Faculty of Medi-
cine of Novi Sad and it employs three full profe-
ssors, four assistant professors and 8 assistant lec-
turers.
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SURGICAL TREATMENT OF UNSTABLE PELVIC RING INJURIES

OPERATIVNI TRETMAN NESTABILNIH POVREDA KARLICNOG PRSTENA
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Summary

Introduction. Unstable pelvic ring injuries are among the most
serious injuries of skeletal system. As they are often associated
with young age and multiple organ injuries they are difficult
for management. M aterial and Methods. This study included
26 unstable pelvic ring injuries surgically treated at the Depart-
ment of Orthopedic Surgery and Traumatology from August
2008 until August 2015. The average age of 22 males and 4
female patients was 45.4 years. The most common mechanism
for injury was a traffic accident (19), fall from height (6), and
one patient was buried under rubble. Out of 26 patients who
were operated, 24 had type C injury and two had type B injury
according to Tiles classification. The average follow-up time
was 23 months (8 — 84 months). The functional outcome was
assessed by means of Majeed and Iowa Pelvic Score. Results.
Pelvic ring injuries were healed in all 26 patients. A leg length
discrepancy was found in 13 patients and it was 9 mm on aver-
age. Four patients reported using walking stick, and 5 out of 26
had sexual dysfunction. Majeed score was 72.1 on average (23
to 100), and Iowa Pelvic Score was 76.5 (38 to 100). Conclusion.
Unstable pelvic ring injuries are difficult to be surgically treat-
ed. When these injuries are treated adequately and timely, good
results can be expected. Average scores achieved by our patients
are very good for both scales.

Key words:. Pelvic Bones; Fractures, Bone; Fracture Fixation,
Internal; Treatment Outcome; Disability Evaluation; Pain Me-
asurement

I ntroduction

Pelvic ring injuries with its complicated three-
dimensional osseous anatomy and close relation to
all neuro-vascular structures for lower extremities
are challenging for treatment. As a result of high
energy trauma, they are often associated with other
organs and system injuries. Since their prevalence
is 20 — 37 per 100.000 people, they are not common
[1]. Pelvic ring injury accounted for 20% of injuries
in polytraumatized patients thus having vast influ-
ence on high morbidity and mortality [2]. The aim
of this study was to report the functional outcome
of first 26 unstable pelvic ring injuries surgically
treated at the Department of Orthopedic Surgery
and Traumatology in Novi Sad.

Sazetak

Uvod. Nestabilne povrede karliénog prstena spadaju u najteZe po-
vrede lokomotornog aparata. One su komplikovane za zbrinjavanje
i Cesto udruzene sa povredama drugih organa. Materijal i meto-
de. Analizirali smo 26 nestabilnih povreda karli¢nog prstena koje
su operativno le¢ene na Klinici za ortopedsku hirurgiju i trauma-
tologiju od avgusta 2008. do avgusta 2015. godine. Prosec¢na starost
22 muskarca i Cetiri zene, ukljucenih u ovo ispitivanje, bila je 45,4
godine. Najveci broj pacijenata povreden je u saobracajnoj nezgo-
di (19), prilikom pada sa visine (6), dok je jedan pacijent povredu
karli¢nog prstena zadobio prilikom zatrpavanja. Svih 26 pacijena-
ta su operisani, 24 zbog povrede tipa C, a dva zbog povrede kar-
licnog prstena tipa B po Tileu. Prose¢no vreme pracenja bilo je 23
meseca (8—84 meseca). Za procenu funkcionalnog ishoda koristi-
li smo Majeed i lowa Pelvic Score kae. Rezultati. Sve povrede
karli¢nog prstena bile su sanirane. Kod 13 pacijenata postojala je
razlika u duZini nogu koja je prose¢no iznosila 9 mm. Cetiri paci-
jenta su koristila Stap pri hodu, dok je petoro prijavilo probleme sa
seksualnom funkcijom. Proseéan skor prema Majeed skali iznosio
je 72,1 (od 23 do 100), dok je prema lowa Pelvic bodovnoj skali
prosecno postignuto 76,5 bodova (38—100). Zakljucak. Nestabil-
ne povrede karli¢nog prstena su zahtevne za zbrinjavanje opera-
tivnim putem. Ukoliko se tretiraju na adekvatan nacin i pravovre-
meno, moze se ocekivati dobar postoperativni funkcionalni rezul-
tat. Na naSem uzorku prosecne vrednosti obe primenjene bodovne
skale spadaju u vrlo dobre.

Kljuéne reéi: karli¢ne kosti; prelomi kosti; unutrasnja fiksaci-
ja preloma; ishod le¢enja; procena nesposobnosti

Material and Methods

Unstable pelvic ring injuries were surgically tre-
ated in 26 patients in the period from August 2008
to January 2015. They were classified according to
Marvin Tiles classitication (Table 1) [3]. There
were 24 males and 4 female patients (Figure1). The
youngest and the oldest patient were 22 and 74 years
old, respectively. The average age was 45.4 years.
Majority of our patients were injured in a motor
vehicle accident (19), fall from height (6), and one
patient was buried under rubble. Only one patient
was operated on the day of injury, and one 20 days
after trauma. On average, the patients were operated
7.8 days after getting injured. All injuries were sta-
bilized with the external fixator, plates and screws,

21000 Novi Sad, Hajduk Veljkova 1-7, E-mail: harhaji@gmail.com



12 Harhaji V, et al. Surgical Treatment of Unstable Pelvic Ring Injuries

Abbreviations
IPS —lowa Pelvic Score
Sl —sacroiliac

or just screws, or a combination of these. Table 2
shows the fixation techniques applied in our patients.
According to our protocol early mobilization and
rehabilitation started on the first postoperative day
with the passive range of motion of hip and knee on
the injured side and muscle strength exercises. The
patients were also encouraged to walk with crutches
without weight bearing on the first postoperative day.

The average follow-up time was 23 months (8
— 84 months). The functional outcome was assessed
by Majeed [4] and lowa Pelvic Score [5].

Results

All pelvic ring injuries were healed.

The average Majeed score was 72.1 (ranging
from 23 to 100) which is considered a good clinical
grade. Pain is the most common residual problem
after pelvic ring injuries. Most of patients in these
series had dlight or mild pain, and only one had
intense pain associated with activity. The average
score for pain was 22 points. Ideally, all patients
return to their pre-injury job and level activities.
According to the results of this study most patients
were able to get back to their job but the average
working score was 15 points. None of the patients
felt pain in sitting position. Of five patients who had
a sexual intercourse issue, three complained that it
was uncomfortable and two said it was even painful
if prolonged, the average score being 3.7 points.
Four patients were using one stick while walking.
The average section five Majeed score was 11.7.
Most of our patients had some degree of limp, sco-
ring 8.7 points on average. Walking distance was
limited for most patients (7.8 points on average).

The average lowa Pelvic Score was 76.5, ranging
from 38 to 100. IPS (Iowa Pelvic Score) has two ma-
jor sections: activities of daily living (20 out of 100
points) and individual score (80 out of 100 points).
When asked various questions, our patients replied
they could perform most of activities of daily living
with 15.5 points on average. The lowest score for pain
and limp was recorded in the second section “Indi-
vidual score”, being 71 points on average.

Discussion

There were some attempts at surgical treatment
of unstable pelvic ring injuries in previous decades
which were not standard of care at that time at the
Department of Orthopedic Surgery and Traumato-

Table 1. Injury classification
Tabela 1. Klasifikacija povreda

Sex structure / Polna struktura

B Male/Muski Female/Zenski

Graph 1. Sex structure
Grafikon 1. Polna struktura

gy. Internal fixation of unstable pelvic ring injuries
became standard of care in 2008, and since then it
has been applied in these 26 patients included in our
study. Benefits of surgical treatment of these inju-
ries are undisputable as stated by Marvin Tile [6]
He pointed out that internal fixation could prevent
instability and malunion of pelvic ring and also re-
sult in lower incidence of complications such as deep
vein thrombosis, pneumonia, urinary infections, de-
cubitus ulcers etc. Because of biomechanical studies
more trauma surgeons believe that unstable ring
injuries must be fixed internally [7, 8].

In our study, the most common mechanism of
injury was a motor vehicle accident — 69%. Van Loon
et al. found that 94.8% of patients with open book
pelvic lesion were injured in a car accident [9]. Many
others have found that car accidents are the most
frequent injury patterns for pelvic ring [10—12].

Pain is the most common residual symptom af-
ter internal stabilization of pelvic fractures. That is
the reason why Majeed and authors of lowa Pelvic
Score included pain in both scoring systems and
allocated the most points for pain [4, 5]. Routt et al.
suggest minimally invasive percutaneous screw
fixation for rapid relief of pain [13]. Borg et al. agree
with Majeed’s conclusion that pain has the most
important role in determining the functional outco-
me after pelvic ring injury fixation [14].

One of the most frustrating difficulties after pelvic
ring injury and internal stabilization is sexual dysfun-
ction. Sexual intercourse is made very difficult for male
patients due to the pain felt across the pubic symphysis
or SI (sacrolliac) joints, depending on fracture pattern
[4]. Kellam et al. report that women usually complain
of dyspareunia after lateral compression injuries [15].
Oliver et al. found that 31% of female patients from
their study sample had dyspareunia but this did not

Bl

Cl C2 C3

No of patients/Broj pacijenata 1

14 9 1
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Table 2. Fixation techniques
Tabela 2. Tehnike stabilizacije
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Type of fixation/Tip stabilizacije

Patients

Pacijent (%0)
Symphyseal plate/Ploca za simfizu 1 4
External fixator/Spoljasnji fiksator 3 12
Sl screws/SI zavrtnjevi 3 12
Posterior plate/Ploca pozadi 3 12
Symphyseal plate + posterior plate/Ploca za simfizu + ploca pozadi 2 8
Symphyseal plate + S| screws/Ploca za simfizu + SI zavrtnjevi 7 28
Symphyseal plate + anterior plate + Sl screws/Ploca za simfizu + ploca napred + SI zavrtnjevi 1 4
Anterior plate + posterior plate/Ploca napred + ploca pozadi 3 12
Sl screws + externa fixator/SI zavrtnjevi + spoljasnji fiksator 1 4
Sl screws + anterior plate/SI zavrinjevi + ploca napred 1 4

affect the ability to have an orgasm [11]. Five of our
patients (19.2%) reported sexual dysfunction.

Van Loon et al. reported excellent Majeed score
of 95.7 points in their study. Asci et al. also reported
excellent functional outcome of 93.3 points per Ma-
jeed scale, with minimal score of 72 and maximal
of 100 [16]. Milenkovic et al. had eleven patients
(57.9%) with excellent and eight (42.1%) with good
results [17]. In our series of first 26 patients the
average Majeed score was 72.1. If three patients
with the lowest score were excluded, the average
score would increase to 87.8 points.

Van Loon aso analyzed his patientswith lowa Pd -
vic Score. The lowest result was 82, and highest 90, the
average score being 86 points. In the study of Salari et
al., 72 patients were treated with percutaneous screw
stabilization of SI joint [18]. All patients were asymp-
tomatic and the mean IPS was 95 (SD 5.5). Ayvaz et
al. reported in their article the average IPS to be 86
(range 82-90), with eleven excellent and nine good

IPS scores [19]. The average lowa Pelvic Score in our
patients was 74.9, the lowest score being 60 and
maximal 100 points in two patients [19].

Conclusion

Unstable pelvic ring injuries need to be anatomi-
cally reduced and internally fixed to achieve good
and excellent functional outcome. The surgical trea-
tment is not without complications. However, con-
servative treatment leads to malunions, gross disa-
bility and dependence on other people. The long-term
outcome of non-surgical treatment of pelvic ring
fractures is connected with even bigger problems
because of gait disturbance, vertebral column secon-
dary deformity and a lot of pain. Because of the po-
ssibility of percutaneous fixation of fractured pelvic
ring in majority of cases, non-surgical treatment sho-
uld not be taken into consideration.
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SHORT VSLONG POSTERIOR FIXATION OF THORACOLUMBAR SPINE INJURIES

KRATKA NASUPROT DUGQ.J POSTERIORNOJ FIKSACIJI POVREDA TORAKOLUMBALNE KICME

Milan STANKOVIC!?2, NatasaJANJIC!?, Ivica LALIC2, NemanjaGVOZDENOVIC!2, |gor ELEZ?!
and Miodrag VRANJES!2

Summary

Introduction. More than a quarter of total number of posterior
fixations of thoracolumbar spine is unsuccessful. Material and
methods. The aim isto compare short and long fixation of thora-
columbar spine injuries. During the period of 2006 to 2015 we
examined 99 patients at the Department of Orthopedic Surgery and
Traumatology of Clinical Center of Vojvodina. Short fixation was
performed in 63 cases and long fixation in 36 cases. All patients
underwent clinical, radiographic and neurological evaluation. Mean
age in the short fixation group was 47 (18-66) and in the long fixa-
tion group it was 43 (17-70). Mean follow-up time was 4,5 years.
Results. Implants were extracted in 14 cases of short and in 4 cases
of long fixation. Collapse of anterior part of vertebral body deve-
loped in 28,45% in the short fixation group and in 22,43% in the
long fixation group whereas angulation value was 10,2° and 12,3°
respectively. Mean low back outcome scale value was 61 points
in the short fixation group and 50 in the long fixation group. There
were 22 patients with neurological deficit. Full recovery was recor-
ded in 8 patients (36,4%) of the short fixation group and in 17 pati-
ents (22,7%) of the long fixation group. Complications developed
in 15 patients (23,8%) of the short fixation group and 11 (30,6%) of
the long fixation group. Conclusion. Short fixation is biomechani-
cally weaker but provides a better functional recovery than long
fixation.

K ey words Lumbar Vertebrae; Thoracic Vertebrae; Spinal Frac-
tures; Orthopedic Fixation Devices; Treatment Outcome; Frac-
ture Fixation, Internal

I ntroduction

Spine injuries are frequent. The outcome of the
treatment of unstable thoracolumbar spine injuries is
often uncertain and depends on many factors, mainly
on final neurological status of the patient, pain seve-
rity, degree of correction of traumatic spine deformi-
ty and complications. Surgical approach and ways of
fixation of these injuries are still controversial [1]. Po-
sterior transpedicular fixation has become increasin-
gly popular during the past several years. The short
posterior fixation [2] is stabilization of the injured
vertebra together with the adjacent upper and lower
vertebrae and the long posterior fixation is stabiliza-
tion of the injured vertebrae together with two adjacent

Sazetak

Uvod. Vise od ¢etvrtine zadnjih fiksacija povreda torakolum-
balne kiéme je neuspesno. M aterijal i metode. Cilj rada bio je
uporediti kratku i dugu fiksaciju povreda torakolumbalne kic-
me. U periodu 2006-2015. na Klinici za ortopediju Klinickog
centra Vojvodine ispitivano je 99 pacijenata. U 63 slucaja ¢i-
njena je kratka fiksacija, a kod 36 pacijenta duga. Pacijenti su
ispitivani klinicki, radiografski i neuroloski. Prose¢na starost
u grupi kratka fiksacija bila je 47 godina (18—66), a u grupi duge
fiksacije 43 (17-70). Vreme pracenja prosecno je bilo 4,5 godi-
ne. Rezultati. Implantat je izvaden u 14 sluéajeva kod kratke i
kod cetiri pacijenta iz grupe pacijenata kojima je uradena duga
fiksacija. Kolabiranje prednje strane tela pr§ljena kod kratke
fiksacije bilo je 28,45%, a kod duge 22,43%, dok je angulacija
iznosila 10,20, odnosno 12,30. Prose¢na vrednost low back out-
come scale bila je kod kratke fiksacije 61 poen, a kod duge 50.
Od 22 pacijenata sa neuroloskim ispadom, u grupi kratke fik-
sacije oporavilo se njih 8(36,4%), a u grupi u kojoj je uadena
duga fiksacija, od njih 17 (22,7%) oporavilo se 7 (41,1%). Kom-
plikacije su videne kod 15 pacijenata (23,8%) grupe kojoj je
uradena kratka fiksacija i 11 iz grupe kojoj je uradena duga
fiksacija (30,6%). Zakljucak. Kratka fiksacija je biomehanicki
slabija, ali daje bolji funkcionalni oporavak od duge fiksacije.
Kljuéne reci: lumbalni prsljenovi; grudni pr§ljenovi; prelom
ki¢me; uredaji za ortopedsku fiksaciju; ishod lecenja; unutras-
njafiksacija preloma

upper and two lower vertebrae. About a quarter of
total number of posterior fixations turns out to be a
failure regarding the degree of deformity correction,
stability of construction and related complications [3].
The short fixation leads to lesser muscle trauma and
lesser number of “stiffened” segments of the spine
which should lead to a better functional result but it is
shown over along period of time that this weaker
construction leads to a recurrent deformity [4]. The-
refore it is necessary to compare long and short fixa
tion from several aspects so that a surgeon can decide
which way of stabilization should be used in indivi-
dual cases.

The aim of this study is to analyze functional,
radiographic and neurological results of posterior
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Abbreviations

SF — short fixation

LF — long fixation

t —ttest

ADin - angular deformity initially
AD’k - angular deformity control

B, in % - the collapse of the anterior wall of the
vertebral body initially

B, k % — the collapse of the anterior wall of the
vertebral body control

LBOS —low back outcome scale

a — Chi-square test

>y, - the ratio of the value of the Chi-square test
for short and long fixation

fixation of these injuries and to compare short and

long fixation.

Material and Methods

During the period from 2006 to 2015 at the De-
partment of Orthopedic Surgery and Traumatology,
and at the Emergency Department of the Clinical
Centre of Vojvodina 175 patients with spinal injury
were operated. There were 147 patients with thora-
columbar spine injury, 18 of them died, 30 of them
did not come to checkups so we analyzed 99 of them.
Short fixation was performed in 63 cases of unstable
thoracolumbar spine injury and long posterior tran-
spedicular stabilization was performed in 36 patients.

There were 74 (75%) male and 25 (25%) female
participants. Mean age was 47 years (ranging from
18 to 66) and 43 years (ranging from 17 to -70) in the
group with short fixation and in the group with long
fixation, respectively. The oldest and the youngest
patient was 70 and 17 years old, respectively. The
patients underwent clinical, radiographic and neuro-
logical examination. Standard native radiographies
and computed tomography (CT) were used.

The most frequently injured vertebra was L1 (34
cases) followed by Th12 (25 cases), L2 (14 patients) and
Th1l (11 cases). The lower lumbar spine, levels L3-L5,
was injured in 8 cases and the medial and upper tho-
racic spine, levels Th1-Th10 in 7 cases. The most frequ-
ent injuries were unstable burst fractures Magerl type
“A3” [5] in 69 cases, type “A2” in 12 cases, "Bl in 10
cases and types “B2” and “C” in 4 cases each.

Radiographic analysis consisted of angle measure-
ment of local angulation using Cobb’s method and
calculation of percentage of collapse of the anterior
side of vertebral body at the checkup [6]. We took
mean value of anterior height of two adjacent ver-
tebrae as the initial value of the vertebral height
before the injury (Scheme 1).

Neurological evaluation and follow-up were per-
formed using Frankel’s score system [7]. Neurolo-
gical impairment was observed in 39 patients
(39.4%)), 1.e. in 17 patients (47.2%) from the group
with long fixation and in 22 patients (34.9%) from
the group with short fixation. Complete paralysis
(Frankel “A”) was noted in 5 (7.9%) cases in the
group with short fixation and in 4 (11.1%) cases in

the group with long fixation while an incomplete
neurological deficit (Frankel “B”* — “D”’) was noted
in 17 (27%) cases in the group with short fixation
and in 13 (36.1%) cases in the group with long fixa-
tion.

The surgical procedure consisted of transpedicu-
lar stabilization of the injured level together with
adjacent upper and lower vertebral levels. We dis-
played the posterior part of vertebrae to the transver-
sal processes by using a standard posterior approach.
Then we opened pedicles of the injured and the adja-
cent vertebrae through the known projection points
on the small vertebral joints. We placed poliaxial
screws through these openings. In cases with neuro-
logica deficit we performed posterior decompression
—partial or complete laminectomy and extraction of
bony fragments from the spinal canal until dural sac
was completely free. Then we placed modified rods
to the grooves at the screw’ heads. We manipulated
therodsto gain distraction and derotation along with
the hyperextension of the injured level which led to
the correction of deformity and indirect decompre-
ssion of the spinal canal at the level of fracture and
stenosis. Short fixation consisted of stabilization of
the injured level together with one adjacent upper and
lower levels and long fixation consisted of stabiliza-
tion together with two adjacent upper and lower le-
vels. Early postoperative mobilization of patients
started the next day and consisted of turning to sides
and performing active exercises for body and extre-
mities. In cases with neurological deficit it consisted
of turning to sides, gradual verticalization, breathing
exercises and positioning of the legsin order to pre-
vent flexion contractures of the joints.

Functional examination at checkups was performed
by means of Low Back Outcome Scale (LBOS) score
system [8]. Maximum result was 75 points. Functional
result was graded as “excellent” (65-75 points), “good”
(50-64 points), “satisfactory” (30-49 points) and
“poor” (0-29 points). We also included pain intensity
felt by the patient at the end of the treatment and it was
evaluated by the pain intensity scale — 0 points — no
pain, 3 points — weak pain, 6 points — medium pain, 9
points—severe pain. After discharge from the hospital
the physical treatment was performed at some of the
specialized rehabilitation centers. Mean follow-up time
was 4.5 years (2-8).

Results

Averagefinal collapse of the anterior part of ver-
tebral body was 42.25% in cases with short fixation
and 32.45% with long fixation, that being statistically
significant (t=2.35 p<0.05) while final angulation
was 10.2° in the group with short fixation and 12.3°
in the group with long fixation (t=0.77 p>0.05).

Average value of LBOS — the scale of functional
capacity was 61 points (good) in cases with short fixa-
tion and 50 points (good) in cases with long fixation.
Zero hypothesis is that distributions of frequencies of
LBOS points of short and long fixations x> i ¥, are
equal. Xsr long=1.77, xsr short=1.07; x> =48.75 ; r= 3;
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Table 1. Radiographic and functional parameters and complications caused by the implants
Tabela 1. Radiografski i funkcionalni parametri i komplikacije vezane za implantat

AD’inAD°K t B,in%B,K% t LBOS y* yx*>x°, ImplantmigrationImplant extraction
point/ Pomeranje im-  Vadenje implanta-
bod plantata (%) ta (%)
SF 18,6 10,2 0,77 51,4 42,2 2,4 61 48,75 24 22
LE 217 123 (7005 548 325 (p<005) 50 3841 P00 20 11
Legend:

SF- short fixation/kratka fiksacija, LF - long fixation/duga fiksacija, t - t test, AD? in - angular deformity initially/ lokalna angulacija
inicijalno, AD"k - angular deformity control/lokalna angulacija kontrola, B, in % - the collapse of the anterior wall of the vertebral
body initially/kolaps prednjeg dela tela prsljena inicijalno, B, k % - the collapse of the anterior wall of the vertebral body control/kolaps
prednjeg dela tela prsljena kontrola, LBOS - low back outcome scale/ishoda skala donjeg dela leda, y? - Chi-square test/Hi-kvadrat
test, x> >y, - the ratio of the value of the Chi-square test for short and long fixation/odnos hi-kvadrat testova kratke i duge ~ fiksacije
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I=1 for binomial distribution, k= 1; a=0.05; ¢~ =3,841.
Asy*>y?, wergect the zero hypothesiswith therisk
a and conclude that the differences between frequen-
cies distribution are significant.

Implant fracture and migration was noted at chec-
kups in 29 cases (46%) in the group with short fixa-
tion and in 11 cases (30.5%) in the group with long
fixation. There was a statistical significance between
the groups regarding this parameter (p<0,05). Im-
plants were removed in 14 cases (22.2%) with short
and in 4 cases (11.1%) with long fixation. Radiograp-
hic and functional results as well as complications
related to implants are displayed in Table 1.

Eight (36.4%) out of 22 patients from the group
with short fixation and 7 out of 17 patients from the
group with long fixation (41.1%) recovered from ne-
urological deficit. Neurological recovery was obser-
ved only in subgroups with partial neurological de-
ficit (“B”, “C”, “D”). Eight (44%) out of 17 patients
in the group with short fixation and 7 (53.9%) of 13
patients from the group with long fixation with ini-
tial neurological status Frankel “B”, “C” and “D”
recovered from partial neurological deficit. Neuro-
logical status of patients is given in Table 2.

Complications were present in 15 patients (23.8%)
in the group with short fixation and in 11 patients in
the group with long fixation (30.6%). The most frequ-
ent complication was urinary infection with positive
bacterial culture during the observation period and
it was noted in 12 patients (12%) from the group with
short fixation and 8 patients (22.2%) from the group
with long fixation. All patients had severe neurolo-

Table 2. Neurological evaluation
Tabela 2. Neuroloska evaluacija

gical deficit (Frenkel “B”, “C” and “D”’). Pneumonia
was noted in 4 patients (6.32%) in the group with
short fixation and in 3 patients (8.34%) in the group
with long fixation. Deep wound infection occurred
in one patient (1.58%) from the group with short fixa-
tion and in 2 patients (5.6%) in the group with long
fixation. Infection was treated by local tissue debri-
dement, irrigation and antibiotics with the removal

of theimplants (Graph 1).
Discussion

In this study we noticed a higher percentage of
implant fracture and migration in the group with
short fixation (24% compared to 20% in the other
group) as well as a higher percentage of the need for
implant extraction (22% compared to 11% in the gro-
up with long fixation). Farrokhi et al. [9] compared
complications caused by transpedicular implants in
short fixation. The results showed that these compli-
cations occurred in 21.4% of cases in the group with
bridging of the fracture level and in only 5.26% in
the group where the broken vertebra was included
into the instrumentation. In most cases in our study
we performed vertebral fixation with bridging the
injured vertebra, those are the “A3” types of injuries
with fracture of the base or the pedicle itself within
crushing the vertebra so our results are similar to the
results of the ,,bridging* subgroup in Farrokhi’s
study. Jutte and Castelein [10] noticed complications
related to implants in more than 50% of the cases of
total of 105 transpedicular instrumentations. They

Frankel Initially Frankel final - short fixation Frankel final - long fixation
Frankel Pocetno Frenkel finalno - kratka fiksacija Frenkel finalno - duga fiksacija

A B C D E A B C D E
A 5 4
B 2 1 2 1 1
C 4 3 1 3
D 3 4 3 2
E 41 19
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Scheme 1. Calculation of radiographic parameters on an
X-ray

Sema 1. Merenje i izracunavanje radiografskih para-
metara na rendgenskom snimku

o — angle of local angulation/ugao lokalne angulacije

B'' — anterior height of the vertebral body prior to fracture/
prednja visina tela pre povredivanja

B''=(Ax + Cx ):2:100%

B' — measured anterior height of the fracture vertebral body/
izmerena visina prednjeg dela tela prelomljenog prsljena

B, —percentage of reduction of the anterior part of fractured
vertebra B,%=(B'"-B')/B" 100%/procenat smanjenja prednje
visine tela slomljenog prsljena B,%=(B"-B')/B" 100%

AX — anterior height of the upper adjacent vertebral body/
prednja visina tela susednog viseg prsljena

Cx —anterior height of the lower adjacent vertebral body/pred-
nja visina tela susednog nizeg prsljena

D —trandation/translacija

considered a complication every position of the im-
plant which was not the ideal position. They noticed
an implant fracture in 12.4% of the cases, which was
less than in our study. The same authors removed the
instrumentation in 10% of the case, that being half
of the frequency in our study. We presume that one
of the reasons of our poorer results compared to
Jutte’s study is that we often performed the instru-
mentation with technical inaccuracy.

We also noticed that the final collapse of the
body of the injured vertebra in patients treated with
short stabilization (25%) was 10% larger compared
to treatment with long fixation (32.34%). Vertebral
body collapse occurred regularly after burst frac-
tures. In those cases, due to crushing of the verte-
bral body there was no anterior part of the vertebra
so the patient’s weight bent the implant during the

process of verticalization [11]. We, as well as other
authors [12], have noticed that when the patient’s
weight above the fracture level is transferred to only
one pair of transpedicular screws without the sup-
port of the anterior part of the vertebral body, the
instrumentation suffers much larger load than in
cases when the weight is distributed to more screws
which are placed proximally. The difference
between the groups of patients can be explained to
a certain extent by the difference in age. The Patients
from the short fixation group were 4 years older on
average than in the long fixation group. In older pa-
tients bones are weaker so the fixation of transpedi-
cular screws is weaker [13]. Guven et al. [14] noticed
the collapse of the fractured thoracolumbar vertebrae
treated with short and long transpedicular fixation
in 16.4% and 10.6%, respectively and Tezeren [15] in
15% and 8%, respectively. Our results are signifi-
cantly poorer (42.2% and 32%) although according
to this parametar in our study the long fixation is
significantly more efficient than the short fixation.
A reason of this significant deviation of results may
be that in our study we surgically treated so-called
“A3” bursting fractures without grafting the anterior
column of the vertebra in most cases while the afo-
rementioned authors did not use this technique in

surg wesind
A Hiur e s
e aaslrobntesn LA
2% HJLJA. Urinary Iaf

T

Moarm cardioyise
h T 0%

A. Short fixation
A. Kratka fiksacija

B surg
wound inf gastrointest
7% 4%
Norm Pneumonia
39%_ _ v 1%
B

Urinary Inf
28%

11%

B. Long fixation
B. Duga fiksacija

Graph 1. Complications
Grafikon 1. Komplikacije
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treatment of Magerl “A3” types of fractures. Besides,
we cannot hide our technical errors during the in-
strumentation placement in some cases which is si-
gnificant because instrumentation which is not done
perfectly leads to vertebral body collapse as shown
by some authors [16].

Guven et al. [14] noticed mean angulation of 8°
and 7.2° in the groups with short and long fixation,
respectively while we noticed 10.2° and 12.3°, res-
pectively, in other words somewhat lower mean va-
lues and poorer result in the group with long fixation.
The reason for this is that the starting values of an-
gular deformity in the group with long fixation in
our study were significantly higher than in the group
with short fixation (18.6° short and 21.7° long fixati-
on). On the other hand, Guven had completely ho-
mogenous groups regarding this parameter in his
study.

Tezeren et al. [14] noticed mean final values of
angulation in 18 patients — 10° and 6° for short and
long fixation, respectively so it can be concluded
that the results were significantly better with long
fixation. It is possible that these results are a con-
sequence of a smaller group compared to our study,
which included 99 patients. The loss of correction
of the fractured vertebral body treated with tran-
spedicular fixation cannot be avoided. In their ear-
lier studies, Carl et al. [17] noticed recurrent kyp-
hosis and collapse of almost 90% of the accom-
plished correction of burst fractures of the thoraco-
lumbar spine while Louis [18] reported that the
injured patients with corrected kyphosis and verte-
bral diameters developed recurrent deformity whi-
ch could be up to 50% of the initial deformity. It
needs to be stated that Louise used older types of
instrumentation — neutralization plates and screws
which are not tightly connected with them. Louise
plates were widely used in pathology of vertebral
column [19]. Alanay [20] examined two groups of
patients treated with short transpedicular fixation
with transpedicular grafting and without grafting.
He managed to get correction of the deformity in
about half of examined cases from both groups.
These results are similar to ours. In a study done by
a group of Korean authors [21], short and long po-
sterior fusion of thoracic and lumbar vertebral frac-
tures were compared after the Cotrel-Dubousset
instrumentation. A higher percentage of successful
fusion was accomplished in the group with short
fusion although final collapse of broken vertebrae
was 24% compared to 17% after long fusion. Final
local angulation was also bigger in the group with
short fusion than with long fusion (the mean diffe-
rence was 5.7°) but the functional recovery at the
end of the study was better.

We can draw a conclusion that short fixation is
biomechanically weaker than long fixation.

The functional outcome represented by the LBOS
scale in our study is significantly better in the pati-
ents treated with short fixation which is similar to
the result obtained by Korean authors in their study.

19

In our study the mean value was 61 points in the
group with short fixation and 50 in the group with
long fixation. Tezeren [14] also used this scale for
comparison of short and long fixation and got mean
LBOS scale value of 61 points in the short fixation
group and 63 points in the long fixation group. These
are functional results which are significantly different
in comparison with our study and that may be expla-
ined by the fact that we included the patients both
without and with neurological deficit and Tezeren in-
cluded only the patients without neurological deficit.
The functional status is also affected by general sur-
gical complications which we noted in significantly
higher percentage in the long fixation group which
was not the case in Terezen’s study. Besides that, the
patients in Terezen’s study were younger (40 years old)
while in our study they were 43 and 47 years old in
the long and the short fixation group, respectively. It
is known that younger patients regenerate their fun-

Figure 1. Short transpedicular fixation — the collapse of
the body
Slika 1. Kratka transpedikularna fiksacija — kolaps tela

A, burst® fracture of the body L1 (arrow key)/,, burst* prelom
tela L1 (strelica)

B: CT of the fracture - retro-pulsion of the fragments and
stenosis/CT snimak preloma - retropulzija fragmenata i ste-
noza

C: Postoperative status - the arrow is pointing restoration of
vertebral body dimensions/Postoperativni status — strelica
pokazuje restoraciju dimenzija tela prsljena

D: Control anteroposterior and lateral X-ray - there was a co-
llapse of the body to its original dimensions (arrow)/Kontrol-
ni anteroposteriorni i profilni rendgenski snimak — doslo je
do kolapsa tela do pocetnih dimenzija (strelica)
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Figure 2. Long transpedicular fixation
Slika 2. Duga transpedikularna fiksacija

A: comminutive fracture L2 — initial X-ray/rasprskavajuci
prelom L2 — inicijalni RTG

B: axial CT - the display of size of the vertebral body comminuti-
on fracture and bilateral fractures of pedicle base/aksijalni CT —
prikaz velicine rasprskavanja tela prsljena i prelomi baza oba
pedikla

C: postoperative AP and lateral X-ray — transpedicular instrumen-
tation placed to two levels above and two under the fracture/ po-
stoperativni prednje-zadnji i bocni RTG — transpedikularna in-
strumentacija sa fiksacijom dva nivoa iznad i ispod nivoa preloma

ctional status more easily and more quickly than older
patients. Wei et al. [22] also conducted functional re-
search of the patients treated with short and monose-
gmental fixation of thoracolumbar spine. They found
the mean LBOS scale value of 74.9 points in the gro-
up with monosegmental fixation, which is much better
result than in our study, and 60.2 points in the group
with short fixation, which is similar to our result. We
can conclude that shorter fixation leads to a better
functional recovery of patients. That “saves” more
dynamic segments, allows more mobility of the spine
which leads to better functional status of the spine as
a whole [23]. Alanay [20] also conducted an examina-
tion of the functional status and pain. Functional result
and pain was expressed by Likert’s scale (pain inten-
sity graded from 0 to 10). The results were similar in
both groups of patients — 7.0 points in the group whe-

re transpedicular grafting was used and 7.2 in the
group where grafting was not used. These results are
somewhat poorer than ours.

Deep infection of surgical wound when treating
spine trauma was recorded in about 4.7% of the cases
in Jutta’s [10] study, which is similar to our results in
the long fixation group (5.6%). In the short fixation
group of our study a deep wound infection was recor-
ded in just one patient (1.58%). The difference can be
explained by shorter surgery time and lesser tissue tra-
uma during the short fixation. Complications of tran-
spedicular fixations of the thoracolumbar spine were
examined also by Farrokhi et al [9]. The percentage of
deep infection was 5.25% in the “including” group and
9.5% in the “bridging” group. “Including” means that
fractured vertebra was also tixated through the pedic-
les and “bridging” means that that fractured vertebra
was skipped. The results of Farrokhi are similar to our
results. Guven [14] recorded one case of deep vein
thrombosis. In our research the most frequent compli-
cation was urinary infection in both groups (in 19%
and 28% of the patients from the short and long fixa-
tion group, respectively). It was recorded only in the
patients who suffered neurological deficit and had a
urinary catheter for a long time. Other frequent com-
plications included pneumonia in four cases in the short
(6%) and four cases in long fixation group (11%).

Neurological status of patients in both groups was
better than the initial one. Better recovery was recorded
in the long fixation group (36.4% short and 44% long
fixation). The difference of neurological recovery was
statistically significant in the subgroups of incomplete
lesions (“B”, ”C”, ”’D” ), being better in long fixation
(in 53.9% and 44% of the patients from the long and
short fixation group, respectively). This difference can
partially be explained by better and more stable recon-
struction of the vertebral column by using long instru-
mentation which enables more aggressive early reha-
bilitation and also by a fact that partial neurological
deficit was much more frequent in the long instrumen-
tation group (36% long, 27% short). In other words
patients with bigger neurological deficits were in the
long fixation group. The size of neurological recovery
was, on average, in both groups one Frankel grade whi-
ch has also been reported by other authors [24].

Conclusion

Short fixation of the thoracolumbar spine frac-
tures as biomechanically weaker allows recurrence
of the traumatic deformation to a larger extent than
long fixation but is is less invasive and provides
better functional result with fewer complications.
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ANALYSSOF ILIZAROV APPARATUSAPPLICATION IN ACUTE TRAUMATIC
LESIONSAND TREATMENT OF COMPLICATIONS OF DIFFERENT PARTS OF
MUSCULOSCELETAL SYSTEM AT THE DEPARTMENT OF ORTHOPEDIC
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ANALIZA PRIMENE APARATA PO ILIZAROVU KOD AKUTNIH POVREDA I KOMPLIKACIJA
LECENJA POJEDINIH SEGMENATA LOKOMOTORNOG SISTEMA NA KLINICI ZA ORTOPEDSKU
HIRURGIJU I TRAUMATOLOGIJU U NOVOM SADU
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Summary

I ntroduction. For multiply traumatized or polytraumatized pa-
tients, the preservation of normal limb function with minimal
complication is the highest priority. The supreme principle of
the Ilizarov techique is to achieve limb stability with equality,
without deformities, with sufficient muscle function and full
range of joint movement with minimal risk of infection. Itisalso
of great importance to decrease the length of immobility with the
least possible number of surgical procedures. Material and
M ethods. We present aretrospective and partially prospective
study with the analysis of the Ilizarov apparatus application for
managing acute traumatic fractures, bone fracture complicati-
ons and other orthopedic conditions eligible for treatment with
this technique. This study covers our experiences and results
gained in the period from 2003 to 2016. The analysis included
a broad spectrum of orthopedic and traumatology conditions
such as acute fractures, non-union fractures, malunion fractu-
res, pseudoarthrosis, congenital and acquired bone deformities
and the final treatment after total knee joint replacement failu-
res. Results. After a long follow-up time, the long-term results
were assessed by estimating the results of clinical examinations,
X-ray evaluations, Association for the Study and Application
of the Method of Ilizarov bone and functional scoring system
and Karlstrom and Olerud functional scoring system evaluati-
ons. Conclusion. The introduction of the Ilizarov method at our
Department 13 years ago has justified its application in every-
day clinical practice by achieving excellent results in the trea-
tment of the most complicated orthopedic and trauma conditi-
ons.

K ey words: Ilizarov Technique; Treatment Outcome; Postope-
rative Complications; Orthopedic Fixation Devices; Fractures,
Bone; Arthrodesis; Multiple Trauma; Pseudarthrosis; Fractures,
Malunited

Sazetak

Uvod. Kod pacijenata koji su dozZiveli visestruke prelome ili politra-
umu, ocuvanje normalne funkcije ekstremiteta sa minimalnim
komplikacijama najveci je prioritet. Uspostavljanje stabilnog ekstre-
miteta, jednake duzine, bez deformacije, sa dobrom misi¢énom funk-
cijom, dobrom pokretljivos¢u zglobova i minimalnim rizikom od
pojave infekcije predstavljaju principe koji su osnove primene ove
tehnike. Takode je bitno da vreme onesposobljenosti bude minimal-
no i da se uradi §to manje hirurskih postupaka. U veéini slucajeva,
spoljna fiksaciona tehnika Ilizarova omogucuje ostvarenje ovih
principa. M aterijal i metode. Predstavljamo retrospektivnu i delom
prospektivnu studiju analize primene aparata po Ilizarovu u le¢enju
akutnih preloma, komplikacija preloma i drugih ortopedsko-trau-
matoloskih stanja koja su reSavana ovom tehnikom. U analizi su
kori$éena zapazanja primene aparata na pojedinim segmentima
lokomotornog sistema u periodu 2003-2016. godine. Analizom su
obuhvacena stanja leenja akutnih preloma, nesraslih preloma, lose
sraslih preloma, svih vrsta pseudoartroza, urodenih i ste¢enih de-
formiteta kostiju, artrodeza, kao i njegova primena kod neuspesnih
totalnih artroplastikakolena. Rezultati. Dugogodi$njim pra¢enjem
pacijenata i analizom dobijenih rezultata mozemo sa sigurnoscu reci
da je primena ovog aparata u velikoj meri doprinela izlecenju paci-
jenata i smanjivanju procenta postoperativnih komplikacija. Proce-
na rezultata le¢enja na pojedinim segmentima vrsena je klinickim
pregledima, radiografski, primenom kostanih i funkcionalnih sko-
rova Association for the Study and Application of the Method
of Ilizarov i primenom Karsltrom—Olerud funkcionalnog bodovnog
sistema. Zaklju¢ak. Uvodenje transosealne osteosinteze aparatom
po llizarovu na Klinici za ortopedsku hirurgiju i traumatologiju u
Novom Sadu, nakon trinaestogodi$njeg pracenja i analize, potpuno
je opravdano jer resava najslozenije prelome, komplikacije i ostala
ortopedsko-traumatoloska nezbrinuta stanja.

Kljuéne reéi: tehnika po Ilizarovu; ishod lecenja; postopera-
tivne komplikacije; uredaji za ortopedsku fiksaciju; prelomi
kosti; artrodeze; politrauma; pseudoartroze; lose srasli prelomi
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Abbreviations

AO — Arbeitsgemeinschaft fiir Osteosynthesefragen
OTA — Orthopaedic Trauma Association

MRI — magnetic resonance imaging

CT — computerised tomography

n —number of patients

ASAMI - Association for the Study and Application of

the Method of Ilizarov
AOFAS - American Orthopedic Foot and Ankle Society
ORIF - open reduction and internal fixation
TKA  —total knee arthroplasty

I ntroduction

The Ilizarov method is an excellent alternative
to more conventional methods in cases of severe
wound contamination and in cases of soft tissue and
bone loss [1]. The treatment of bone loss occurring
as a result of acute trauma has traditionally been a
complex surgical problem. In an attempt to avoid
the problems associated with deficient graft materi-
als and free tissue transfers, internal bone transport
is a technique that has been a successful methodol-
ogy for bony reconstruction for acute bone loss [2].
In addition, the Ilizarov fixator may achieve stabil-
ity even in cases of bone comminution when inter-
nal fixation devices can do no better than tenuous
fixation. Nonunion of long bones is often associ-
ated with a significant loss of function of affected
extremity, joint stiffness, muscle atrophy, diffuse
osteopenia, and even an extremity amputation or
systemic manifestations in the case of infection.
Indicationsfor an appropriate treatment method are
often unclear [3]. In complex nonunion, intramedul-
lary nailing is preferred in delayed consolidation
and hypertrophic nonunion without angular defects
or hypometria, while the Ilizarov method is more
often indicated in atrophic nonunion and in hyper-
trophic nonunion with hypometria and angular de-
fects [4]. The ring frame supports and stabilizes the
underlying bone by means of transfixion wires and
half pins. The frame stability increases with the
increasing wire diameter and tension, the use of
more wires per ring, placing wires on opposite sdes
of the ring and inserting wires in different planes.
Increasing crossing angles of wires to 90° provides
maximal stability and crossing angles of less than
60° may allow the bone to slide along the wires
requiring the use of opposing olive wires or the
addition of a half pin. Olive wires provide an im-
portant buttress effect in the correction of angular
deformity [5]. Ankle arthrodesis represent the most
common surgical treatment as a definite solution
for various diseases which lead to an ankle joint
destruction, postoperative complications, unsuc-
cessful operative and non-operative procedures
performed on this joint. Patients with multiple fail-
ures of total knee arthroplasty (TKA) often have
significant bone loss, recalcitrant infection, extensor
mechanism loss or wound problems that present a
complicated surgical picture, making a revision
TKA difficult or impossible [6]. Furthermore, post-

operative infection remains a challenge, commonly
requiring multiple procedures to manage [7].

Material and Methods

This study has been aimed at making a retro-
spective and partly prospective analysis of the use
of the Ilizarov device on a particular segment of the
musculosceletal system that was applied at the De-
partment of Orthopaedic Surgery and Traumatol-
ogy in Novi Sad from January 2003 until September
2016. The total number of applied devices on a par-
ticular segment of the musculosceletal system for
different kinds of injuries and healing complications
was 387 (Table 1). The average age of the patients
was 43.2 years (ranging from 18 to 67 years). Data
were collected from the patients histories for each
segment separately, and from the scientific papers
published in journals. In this study we used the
methods of clinical examination, standard radiog-
raphy, CT-scans, as well as ASAMI bone scoring
systems for bone healing identification and ASAMI
function scoring system, Karlstrom — Olerud, Stew-
art-Hundley functional scale for humerus and
American Orthopedic Foot and Ankle Society (AO-
FAS). The average follow-up time was 36 months
(ranging from 25 to 76 months). There were also
complications regarding treatment (nonunion, infec-
tion, reapplication of device, nerve and blood vessel
injuries, pin breaking, and device stability). Of the
total number of patients, 222 (57.5%) were treated
for acute injury, 52 (13.7%) were treated for pseu-
doarthrosis except septic ones, bone and joint de-
formities were treated in 35 patients (9.0%), knee
arthrodesis following failed knee arthroplasty in 31
(8.0%), nonunion in 23 (5.9%), posttraumatic ankle
arthrodesis in 20 (5.1%), posttraumatic arthrodesis
of elbow in 1 (0.25%) and septic pseudoarthrosis in
3 patients (0.7%). Surgeries were most often per-
formed on the lower leg (216 patients i.e. 55.9%),
and the wrist joint was operated only in 5 patients
(1.2%), thus being the rarest location. All surgeries
were performed by the strict rules of the Ilizarov
device application. Postoperative follow-up was
performed at the polyclinic and by invitation.

Results

The results of fracture healing and fracture com-
plications are shown here by segments. Upper arm:
the total number of fractures of the upper arm, in-
cluding proximal, midshaft and distal intraarticular
was 20. Complete fracture healing was achieved in
19 cases (95%). Healing was prolonged in one case
(5%). Complications were as follows: pin tract infec-
tion developed in 5 cases, and it was solved by an-
tibiotics prescription and every day wound cleaning;
transitory radial nerve palsy, one case of transitory
ulnar nerve palsy, and one pseudoanacurism of the
brachial artery (iatrogenic). Functional outcomes
were measured by means of the Stewart-Hundley
scoring scale, the results being as follows: 15 excel-
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Table 1. Number of operation by segments musculosceletal system and the type of injuries and complications
Tabela 1. Broj operacija po segmentima lokomotornog sistema, tipu povrede i komplikacija

Segment NOof oper. Acute Non—union Pseudo- Septic pseudo- Defor- Post — traumatic Arthrodesis after

Segment Br. oper. fractures Nesrastanje arthrosis  arthrosis mities arthrodesis failed TKA
Akutni Pseudo- Septicna Defor-  Posttraumatska Artrodeza nakon
prelomi artroza pseudoartroza miteti artrodeza neuspesne TKA

Humerus

Nadlaktica 47 21 ? 17 !

Forearm

Podlaktica 17 6 4 7

Scaphoid 5 5

Cunasta kost

Femur

Natkolenica 18 9 9

Floating knee

Plivajucée koleno 15 15

Knee/Koleno 31 31

Tibial plateau

Tibijalni plato 82 82

Tibial shaft 88 38 10 14 3 23

Golenjaca

Tibial pilon

Tibijalni pilon 46 37 0

Anklejoint

Skocni zglob 2 2 3 20

More segments

- 13 13
Vise segmenata
Total/Ukupno 387 222 23 52 3 35 21 31

lent, 4 good and 1 poor. Humeral shaft nonunion
was treated successtully in 9 cases by the combina-
tion of compression-distraction closed osteosynthe-
sis. Of 17 humeral shaft pseudoarthrosis (including
atrophic, normotrophic and hypertrophic, excluding
septic ones), 15 were completely healed (88.2%); in
2 cases the device was re-applied with the opening
of the infection site. Open compressive osteosyn-
thesis was used in 5 cases. In 3 cases the device was
placed over the previously used intramedullary and
Ender nails. Complete healing was achieved in such
cases. Forearm: fresh segmental fractures of the
forearm were treated in 6 cases. Complete healing
was achieved in 5 cases, while one patient had
hypertrophic pseudoarthrosis that was treated by
reapplication of the device. Two pin tract infections
and one transitory radial nerve palsy developed.
Four nonunions of the forearm were solved by
means of closed monolocal compressive osteosyn-
thesis. Of the 7 forearm nonunions, 2 were radial
bone alone; 6 were healed in one stage, and one
needed device reapplication. Open bilocal compres-
sion-distraction treatment was applied in 2 cases.
Scaphoid bone: there were 5 cases of nonunion of
the scaphoid bone. All except one healed complete-
ly. The treatment which followed the frame applica-
tion consisted of three stages. the frame was dis-
tracted 1 mm per day until radiographs showed a
2-3 mm opening at the scaphoid nonunion site (10
days on average); the scaphoid nonunion site was

then compressed for 5 days at a rate of 1 mm per
day, with the wrist in 15° of flexion and 15° of ra-
dial deviation; the third stage involved immobiliza-
tion with the Ilizarov fixator for 6 weeks. Open
reduction and internal fixation (ORIF) and autolo-
gus grafting were performed in one case. Femur:
nine segmental multi-fragmented fractures, 3 of
which being open Gustillo-Anderson type 11, were
operated by the closed monolocal compression-
distraction osteosynthesis technique. Complete
fracture healing was achieved in 8 patients, and was
prolonged in one case. There were 9 cases of pseu-
doarthrosis (7 hypertrophic, 2 normotrophic) treat-
ed by closed monolocal compression-distraction
osteosynthesis. Pin tract infections developed in 4
cases. In 2 cases pins were removed and necrectomy
was performed. Floating knee: 15 patients were
treated for floating knee. Theright leg wasinvolved
in 9 and the left one in 6 patients. There were 10
Type 1, 3 Type 2A and 2 Type 2B floating knee
injuries (Blake & McBryde classification). The sam-
ple consisted of 10 male and 5 female patients. The
mechanism of injury was a road traffic accident.
Out of 15 injuries, 9 fractures were closed and 6
were open. The average age was 36 years. All pa-
tients were walking full weight bearing on the
fourth postoperative day. Both fracture sites were
united in 13 patients (90%), within the average heal-
ing time of 10 months.
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According to the Karlstrom criteriathe end re-
sults were: excellent in 8, good in 3, acceptable in
2 and poor in 2 cases. The complications were knee
stiffness in 3, delayed union of tibia in 2 and super-
ficial infection in 3 cases.

Knee arthrodesis after failed TKA: the retrospec-
tive study showed clinical data for 31 patients treated
by the Ilizarov method. There were 17 males and 14
female patients, whose average age was 62.3 years.
Cierny-Mader classification and the Engh classifica
tion were used for the clinical and pathoanatomic
assessment and for the assessment of the bony defect,
respectively. Complete healing was documented in
26 patients (83.8%). Average time of bone healing
was 5.7 months (ranging from 3 from -18). Average
limb shortening was 4.7 cm. Average follow-up pe-
riod was 21 months. Out of 5 nonunions (16.1%)
which developed as complications, 3 were septic in-
taarticular nonunions, and in two cases the devices
were removed due to intolerance.

Tibial plateau: Data sheets for al patients in-
volved in the study contained the following data:
gender, age, diagnosis at admission, etiology of the
injury, category and type of the injury (classifica-

tion according to Gustillo-Anderson, Oestern and
Tscherne, Schatzker and (AO/OTA)) diagnosed by
radiological methods (anterior-posterior, lateral-
lateral and oblique radiographs) before and after
surgery and at follow up. CT scans were performed
before surgery. We used MRI in suspected vascular
and ligamentous injuries associated with proximal
tibial fractures. The classification according to
Gustillo-Anderson classifies open fractures into
five different categories: I, II, 1A, [11B and I11C.
Schatzker classification of complex proximal tibial
fractures encompasses grades [V, V and VI. In the
period from 2003 to 2016, we treated 82 patients (53
male and 29 female) between the ages of 28 and 77
years (mean 57.6). According to the category of in-
jury, high-energy injuries prevailed in our patients’
population (Table 2). Conventional radiography was
used in all types of fractures. Coronal and sagittal
three dimensional reconstructive CT images re-
vealed the exact location and degree of articular
depression and found intact regions of the plateau
above which a stable construction could be incor-
porated and olive wires placed (Figures 1 and 2).
The femoral frame was set in 25 cases when the

Table 2. Review of patient data by type, number and cause of injury
Tabela 2. Pregled podataka o pacijentima prema vrsti, broju i uzroku povredivanja

n %
Male/Muski 53 64,6
SexiPol Female/Zenski 29 354
! Right/Desna 50 61.0
SidefStrana Left/Leva 32 390
Fall/Pad 44 53,6
Traffic/Saobraéaj 22 26.8
Mechanism of injury/Mehanizam povrede Riding/Voznja 10 12.1
Work/Rad 4 4.8
Assault/Napad 2 2.4

Energy type/Energetski tip

L ow-energy/Niskoenergetske 19 23,1
High-energy/Visokoenergetske 63 76.9

I 10 40.0
Type of fracture (Gustillo - Anderson classification) 1l 8 32.0
Tip preloma (Gustilo—Andersonova klasifikacija) 1A 4 16.0
1B 3 12.0
. . Open/Otvoren 25 30.5
DiagnosisiDijagnoza Closed/Zatvoren 57 69,5
Soft ti injury (Oest d Tscherne) Grade 0/Stepen 0 2 9.0
oft tissue injury (Oestern and Tscherne
Povreda mekog tkiva (Oestern i Tscherne) Grade 1/Stepen 1 3 14.0
Grade 2/Stepen 2 17 77.0
e v 17 20,7
Type of fracture (Shatzker classification) v 34 4.4
Tip preloma (Shatzker klasifikacija 2
pp ( ikacija) Vi 3 318
B3 3 3,6
Type of fracture (AO/OTA classification) Cl 5 6.1
Tip preloma (AO/OTA klasifikacija) C2 5 6.1

C3 69 84.1
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Figure 1. Preoperative AP x-ray, 3D and sagital CT of
proximal tibial fracture.

Slika 1. Preoperativna AP radiografija, 3D i sagitalni
CT preloma proksimalne tibije

Figure 2. Intraoperative image after reduction of tibial
condyles and the placement wires with olives

Slika 2. Intraoperativni prikaz nakon redukcije kondila
tibije i postavke igala sa olivom

distraction over the knee was necessary. |n Schatz-
ker V-VI fractures, two rings were added to the
structure on the distal part of the femur (Figure 3).
Out of 25 patients with femoral frames, 13 had
hinged rods over the knee joint to allow active
movement. The femoral frame was removed 5
weeks after surgery on average. All fractures have
healed successfully (Figure 4). Circular fixators
could be removed without anesthesia for type IV
fractures after 16 weeks on average (from 12 to 21
weeks) and for type V-VI after 18 weeks (from 15
to 26 weeks) after surgery. As for the results, 59
were excellent (71.9%), 14 were good (17%), 6 were
fair (7.3%) and 3 were poor (3.6%) according to
ASAMI bone results (Table 3). Regarding compli-
cations, transitory peroneal nerve lesions and deep
vein thrombosis developed in 4 cases and in 3 cas-
es, respectively. Twenty patients had 39 pin site
infections, Checketts-Otterburns grades 1-3, all of
which were successfully treated with oral antibiot-
ics and five had pin tract infection grade 4 that
healed after pin removal. There were no cases of
bone allograft reabsorption. Broken pins were re-
corded in 5 patients, all of which were replaced in
short term intravenous anesthesia. There were 5
cases of deep tissue infection, which were success-
fully treated with soft tissue debridement and
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Figure 3. Tibio-femoral ring and radiography after the
surgery

Slika 3. Tibiofemoralni ram i radiografija nakon zavr-
Setka operacije

Figure 4. Complete healing of tibial plateau fracture
after 12 months

Slika 4. Potpuno srastanje platotibijalnog preloma na-
kon 12 meseci

parenteral antibiotic use. None of our patients de-
veloped osteomydlitis. Neither was the compartment
syndrome recorded in our series of patients. One
patient had septic arthritis. If the femoral frame was
not assembled and cancelous allografts and
autografts were not used, the average operative time
was 95 minutes (ranging from 80 to 130 minutes).
In cases where femoral frame was added and can-
cellous allografts and autografts were used, the av-
erage operative time was longer — 135 minutes
(ranging from 105 to 155). The reliability of the
modified system for functional evaluation accord-
ing to Karlstrom-Olerud scoring system was ana-
lyzed using Cronbach’s alpha coefficient. The val-
ues were expressed as Cronbach’s alpha coefficient
at the three time intervals. On check-up after 6, 12



28 Lali¢ I, et al. Analysis of Ilizarov Apparatus Application

Table 3. Assessment of bony status by (ASAMI) scoring system
Tabela 3. Procena kostanog statusa pomocu (ASAMI) bodovnog sistema

Bone results

o
Kostani rezultati n %
Excellent Union, no infection, deformity < 7°, limb length discrepancy < 2.5 cm 59 71.9
Odlican Srastanje, bez infekcije, deformitet < 7°, skracenje ekstremiteta < 2,5 cm :
Good Union + any two of the following: no infection, deformity < 7°, limb length discrepan-
Dobar cy <2.5 em/Srastanje + bilo koja dva od sledecih: bez infekcije, deformitet < 7°, skra- 14 17,0
Cenje ekstremiteta < 2,5 cm
Fair Union + only one of the following: no infection, deformity < 7°,
Tadovoliavaiudi limb length discrepancy < 2,5 cm/Srastanje + jedan od sledecih: bez infekcije, defor- 6 17,3
yavdy mitet < 7°, skracenje ekstremiteta < 2,5 cm
Poor Non union/refracture/union + infection + deformity > 7° + limb length discrepancy >
Log 2.5 cm/Nesrastanje/refraktura/srastanje + infekcija + deformitet > 7° + 3 36

skracenje ekstremiteta > 2,5 cm

and 18 months, Cronbach’s alpha coefficient was
0.841, 0.869 and 0.891 respectively. The obtained
Cronbach’s alpha coefficient values exceeded 0.80,
thus our modified scale for functional evaluation
according to Karlstrom-Olerud proved to be reliable
in this study. Tibial pilon fractures: Out of 37 pa-
tients treated for acute pilon fractures, 32 were men
and 5 were women. On average, the patients were
operated 3 days after injury. Thirty two fractures
were closed and 5 were open. The average age of
the patients was 36 years. The average wearing time
of the apparatus was 3.5 months. Complete healing
was achieved in 33 cases, extended healing in 2
cases, and pseudoarthrosis in 2 cases (later re-op-
erated). Transient infection around the needles of
the apparatus occurred in 5 cases, which was treat-
ed with antibiotics based on smear findings. We
analyzed the functional results (contracture of the
ankle, limping, sympathetic dystrophy, pain and
immobilization). According to the parameters of the
Karlstrom-Olerud functional evaluation, the result
was excellent in 26 patients, good in 4, moderate in
4 and poor in 3 cases.

Tibial shaft fractures: Out of 88 factures and
complications at the tibial shaft level, 38 were acute
fractures, and most of them were segmental and
multi-fragmented. Eight of them were open (3 were
of Gustillo - Anderson type I, 3 were type I, and 2
were type III). Most of them, i.e. — 35 (92.1%)
healed, whereas healing was prolonged in 3 cases.
Pin tract infections were noted in 5 cases. Osteitis,
which developed in 2 cases, was treated by radical
debridement of the necrotic bone segment. Ten non-
unions were treated by the application of the device,
and all ten healed. Fourteen pseudoarthroses (7
hypertrophic, 3 normotrophic and 4 atrophic) were
successfully treated by the application of the device.
In three cases we had septic pseudoarthrosis: in two
we performed bone resection and restoration using
synchronously bilocal compression-distraction os-
teosynthesis. Tibial deformities (valgus, varus, an-
tecurvate and recurvate) were noted in 23 cases;
most of them were treated by open compression-
distraction, mono or bilocal osteosynthesis. Ankle

joint: the device was applied in 25 patients. In 2
cases the device was applied primarily for the bi-
malleolar and trimalleolar fractures. There were 2
cases of acquired deformities of the ankle joint,
which were treated by a combination of osteotomy
of the foot bones and device application. We also
performed ankle joint arthrodesis in 20 patients,
because of the previously failed osteosynthesis or
conservatively treated pylon fractures. The total
number of successful fusions was 18 (90%). Non-
union was recorded in 2 (10%) cases. The average
time of healing was 23 weeks (ranging from 10 to
-58 weeks). Radiographic evaluation of healing was
based on evidence of cortical bridging between
tibial and talar, or talar and calcaneal surfaces. Cri-
teria for nonunions were the existence of large lu-
cency between articular surfaces, and passive mo-
tion at the planned fusion site. Postoperative com-
plications were divided into two groups. As for
major complications, there were 2 cases of nonun-
ion, malunion in 1 case and broken pins in 2 cases.
Minor complications were pin site infection in 5
cases, and collapse of calcaneus in 1 case. Assess-
ment of the functional results was represented ac-
cording to AOFAS hindfoot score.

Application of the device on more than one seg-
ment: in 13 cases we the device was applied on more
than one segment in the same patient due to poly-
trauma. Most often it was on the lower leg and fe-
mur (8 cases), both lower leg (3 cases), lower leg
and humerus (1 case) and forearm and humerus (1
case).

Discussion

Many diaphyseal fractures of the humerus heal
without surgical intervention [8]. The severity of
the initial injury, the transverse pattern of the frac-
ture, distraction of the fracture, soft-tissue interpo-
sition or inadequate immobilization can result in
nonunion. Alcoholism, obesity and the method of
treatment may also be contributing factors [9].
When there are additional complications such as
poor soft tissue or infection, treatment by conven-
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tional methods of internal fixation becomes very
difficult. We will describe our experience using the
Ilizarov circular external frame to treat multifrag-
mentary acute open or closed humeral fractures,
nonunion of the humerus which persisted after sur-
gical stabilization. The treatment of atrophic non-
unions is aimed at restoring osteogenic activity at
the fracture site, which can be achieved by the re-
section of fibrous tissue within the fracture site and
implantation of an autograft, and if there is instabil-
ity, revision of osteosynthesis should be made [10].
Nonunion after conservative management can be
successfully treated by various surgical methods.
These include open reduction and internal fixation
with plates and screws, reamed intramedullary nail-
ing and external fixation. Supplementing fixation
with bone graft achieves union reliably [12]. Failure
to unite after surgical treatment may be due to poor
contact between bone ends, inadequate stabiliza-
tion, devitalization of bone, osteopenia and bone
defects. Satisfactory results with the Ilizarov meth-
od of treating acute fractures and nonunion of hu-
merus fractures have been reported previously
[13—15]. The intention of our study was specifi-
cally to assess its effectiveness in treating nonunion
which persisted despite surgical stabilization since
such cases are notoriously difficult to treat [13—15].
Further surgery can put vital structures such as the
radial nerve at risk. Internal fixation can be difficult
because of disuse osteopenia or other bone defects.
The quality of the soft tissues may be poor and the
presence of infection precludes the use of internal
fixation. It is possible to achieve stable fixation with
the llizarov frame, even in the presence of osteope-
nia or bone defects. Unless there is infection, surgi-
cal exposure of the site of nonunion is often un-
necessary except to remove implants. Asthe wires
can be placed away from the site of the fracture, the
frame can be applied after excision of the infected
nonunion. Union can be achieved without bone
grafting. Bone grafts were not used in any of our
17 patients with pseudoarthrosis, and 15 progressed
to union. None of our 9 patients with nonunion were
treated with bone grafts and they all healed. A fur-
ther advantage of the method is that it allows both
compression and distraction, which may stimulate
healing [14, 15]. Of the three patients who present-
ed to us with palsy of the radial nerve two had de-
veloped iatrogenic damage to the nerve as a conse-
quence of previous delayed open surgery. There
were some complications. We had 3 cases of nerve
injury, none of which resulted in a permanent defi-
cit. Pin-site infections were common, but there was
no chronic deep infection. Some patients com-
plained that impingement of the frame on the chest
caused discomfort and made it difficult to sleep. As
some of these problems are unavoidable, it is es-
sential that patients be counseled and monitored
closdly.

Fresh segmental fractures of the forearm were
treated in 6 cases. Union was achieved in 5 patients,
and no cases of infection were recorded. Nonunion
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in 4 cases was successfully healed. All pseudoar-
throsis with or without bone defect here healed su-
ccessfully as well. Green [16] evaluated two diffe-
rent methods of managing segmental skeletal de-
fects. A total of 15 patients treated with the open
bone graft (Papineau) technique were compared
with 17 patients treated with the Ilizarov procedure.
There were many complications in the bone grafted
group such as limited graft availability, donor site
morbidity and graft fractures. In the bone transport
group, the main problem was the failure of the doc-
king site to unite without the supplementary graft.
In the study of Harrington et al. [17] 5 open fractu-
res of the ulna with bone loss of more than 8 cm
were treated by bone transport and external fixator.
A satisfactory functional result was achieved, de-
monstrating the efficacy of this technique for dif-
ficult forearm reconstruction. Esser [18] reported a
case treated with bone transport. Treatment was
completed in 10 months and the only complication
was transient superficial pin site infection. In this
study, the rate of complications was relatively low,
although it must be taken into account that patients
had undergone 2.3 operations on average (from 1 to
4) before the Illizarov device was applied.

We treated 5 patients with scaphoid nonunion
using the Ilizarov compression/distraction tech-
nique without opening the nonunion site and wit-
hout the use of bone graft. Internal fixation with
AO or Herbert screws has been shown to improve
union rates when compared with K-wire fixation
[29]. A recent systematic review reported union ra-
tes of 80% using bone graft without fixation, 85%
using bone graft with fixation, and 91% using vas-
cularized bone grafts [19]. The Ilizarov technique
performed in this seriesinvolved the application of
a circular external fixator without the use of bone
graft, and thus its main advantage was that it elimi-
nated the need to expose the nonunion site, preven-
ted further soft-tissue damage and avoided the mor-
bidity and technical difficulties of potential bone
graft harvesting. Bumbasirevi¢ et al. [20] in their
retrospective study used the Ilizarov external fixa-
tor in a series of 18 patients and they reported the
fusion in all cases after 4 month wearing time on
average. The results of this study are promising and
demonstrate that distraction-compression using the
Ilizarov method without the use of bone graft is a
safe technique and that in selected cases it may be
an effective way of managing scaphoid nonunion.

The primary objective of the Ilizarov technique
was to eliminate infection by increasing vascularity
of the osteomyelitic centre through biological stimu-
lation of a corticotomy (osteomyelitis burns in the fire
of regeneration), but the infection was not always cu-
red. Therefore, thorough debridement before distrac-
tion osteogenesis is recommended. Distraction oste-
ogenesis involves mechanical induction of new bone
formation between bony surfaces that are gradually
pulled apart. After corticotomy, bone transport enta-
ils movements of living bone segments to fill an in-
tercalary bone defect. The trailing end regenerates
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the bone by intramembranous ossification and the
leading end fuses with the target bone surface [21].
The results of conventional treatment of infected no-
nunion of the femur are poor due to high velocity
primary trauma, multiple surgeries, late presentation,
bone and soft tissue infection, nonunion, bone loss,
osteoporosis, dystrophy, poor vascularity, associated
deformities, and shortening. The Ilizarov technique
is a salvaging procedure for these difficulties. All our
patients had been subjected to several surgeries be-
fore they underwent treatment by the Ilizarov tech-
nique. Bone healing and functional results as assessed
by ASAMI criteria were not well correlated. The fun-
ctional results, as a rule, were poorer. Stoiljkovi¢ et
al. [22] used internal fixation with a selfdynamisable
internal fixator as a re-osteosynthesis method in 6
polytraumatized patients, thereby achieving union in
83% of patients. Kuftiryev and Meshkov, according
to Paley [23] reported 147 bridgings in 154 bone de-
fects of femoral bone, with a failure rate of 4.5%, and
elimination of bone inflammation in 41 out of 45 ca-
ses (91%). In our patients, the outcome of bone con-
solidation was better than the functional results. In
our series, cancellous bone grafting was not applied
at all. We performed subcutaneous re-corticotomy of
the fragment around the docking site. Curettage of
the ends of fragments and of the wound base was
performed periodically in all cases with open woun-
ds. Shevtsov et al. [24] described the results of a te-
chnique associating multiple segment lengthening,
automatic high-frequency lengthening, and stimula-
tion of bone regeneration by extemporaneous com-
pression at the end of traction. They reported shorter
treatment periods and very satisfactory anatomic and
functional outcomes. Although our study showed the
efficacy of the Ilizarov method in limb salvation,
prospective studies are necessary for further evalua-
tion of this mode of trestment.

Ipsilateral fractures of the femur and tibia (floating
knee) are a challenging problem to manage due to a
fact that they may include combinations of diaphyse-
al, metaphyseal, and intra-articular parts of femur and
tibia, and are often associated with soft tissue and
vascular injuries. Stabilization and early mobilization
of the patient produce best clinical outcomes. Surgical
treatment is the method of choice in the treatment of
these fractures [25]. Internal fixation has the advan-
tage over conservative treatment because it rarely
leads to stiffening of the knee and limb shortening,
and both hospitalization and absence from work are
shorter. Omer et al. [26] treated these fractures con-
servatively and surgically as well and found that the
time required for the splicing was 8 weeks shorter
when the fractures were treated surgically. Behr et al.
[27] used intramedullary nailing in the treatment of
these fractures, with average femur healing time of
10.5 weeks and 18 weeks healing time for the tibia.
Ostrum et al. [28] treated their patients with retrogra-
de nailing and achieved healing time of 14.7 weeks
for the femur on average and 23 weeks for tibia. Lun-
dy and Johnson [25] claim that the surgical stabiliza-
tion of these fractures is a prerequisite for early mo-

bilization of patients thus giving the best results.
Other authors have also reported similar data for tre-
atment using the Ilizarov apparatus with this injury
[29]. Good treatment tactic, stabilization and early
mobilization of patients have the best clinical outco-
mes in treatment of ,,floating knee* type of fractures.

Knee arthrodesis may be the only option of tre-
atment in cases of chronic infected total knee ar-
throplasty with concomitant irreparable extensor
mechanism disruption, extensive bone loss or seve-
re systemic morbidities. In many cases it is well
tolerated by patients with all the benefits that it
carries. The advantages are the stability of the site
of tibio-femoral fusion, prevention of varus-valgus
deformation and external rotation of the limb and
maintenance of constant tibio-femoral angle of
flexion. The technique of femoral—tibial fusion with
a monoaxial or biaxial external fixator has a success
rate that ranges from 68% [30] to 89% [31] and up
to 100% [32]. These fixators, especially monoaxial
ones, are fairly well tolerated by patients. However,
they do not allow significant changes in the axis,
and, due to their structural characteristics, they are
rigid and not entirely reliable for complete load-
bearing [33]. A combination of external fixation and
stabilization of the fusion site of the knee joint with
two Steinmann pins was shown by Riouallon et al.
[34]. In a series of 9 patients, 6 were with signs of
septic TKA. Three of them had a single stage and
the remaining three two-stage protocol. After 8 ye-
ars all the arthrodesis displayed signs of fusion
(100%). The external fixator was removed after 5.2
months on average, and no recurrent infection was
reported. Hybrid fixators were used in knee arthro-
desis after septic TK A. Raskolnikov et al. [35] used
the Taylor external fixator (TSF) in a series of 7
patients. They reported the fusion in 71% of cases
after 8.4-month wearing time on average. The exter-
nal circular fixation by Ilizarov apparatus gives
great results in terms of rate of fusion. The existing
literature on knee arthrodesis with an Ilizarov cir-
cular external fixator reports success rates that vary
in different studies from 64% to 100% [36-38]. In
our current series, the union rate was 83.8% as well.
Mean time was 5.7 months (3—18) with an average
follow-up period of 21 months. Nine patients (29%)
underwent one-stage surgery and 22 (71%) had two-
stage surgery. Out of 5 nonunions (16.1%) which
developed as complications, 3 were septic intaarti-
cular nonunions and in two cases the device was
removed due to intolerance. We believe in the im-
portance of carefully assessing the patient’s ability
to cooperate before treatment. The mean residual
limb length discrepancy in our series was 4.7 cm
(range 0—8 cm), which 1s slightly more than in the
test series reported by other authors (3.5 cm), [36]
- (4.46 cm), [38]. It should be noted that some aut-
hors have not presented these data in their observa-
tional series [36—38]. We performed lengthening of
the extremities in two cases and four patients had
bone grafting (two allografts and two autografts).
We have not recorded any cases of graft resorption.
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The limiting factor of this study is its retrospective
nature. The number of respondents is relatively
small and we certainly cannot provide information
and prognostic factors that would shorten the appli-
ance wearing time. The number of bone grafting
(with good results) in our series is too small to draw
any conclusion as to what procedure offered the best
results (allograft, autograft bone or other substitu-
ent). A prospective study would also be desirable.
During the past three decades, the development
of new techniques and equipment has changed the
approach in the treatment of these injuries toward
minimally invasive surgery. The biological and me-
chanical advantages of the circular external fixator
in the treatment of high velocity tibial plafond frac-
tures have been described [39—43]. Current litera-
ture data strongly indicate the advantages of the
[lizarov method, such as adequate fixation of tibial
bone fragments, low rate of trauma of the surgical
procedure, preservation of fragment vascularity,
adequate compression (during and after surgery),
as well as stable limb fixation and minimizing the
risk of posttraumatic osteoarthritis [39—43]. Some
studies support two-staged protocol for the trea-
tment of proximal tibia fractures, especially in the
cases of high-energy fracture [44]. Irrespective of
the fracture pattern, all patients can be operated on
without delay, wherein the Ilizarov method has ad-
vantages. In this study, the two-staged protocol was
not used, so we were able to avoid the disturbance
of the healing process with other procedures that
can delay the rehabilitation process. Arthroscopy
is widely suggested as a treatment option in menis-
cal lesions, which may occur in tibial plateau frac-
tures, whether performing resection or repair [45].
Our results, obtained during the 18-month follow-up
period, demonstrated that the application of transo-
sseous osteosynthesis by the Ilizarov apparatus
along with early rehabilitation therapy resulted in
improved functional outcome (good according to
Karlstrom-Olerud) in the treatment of open and
closed multiple intra-articular fractures of the proxi-
mal tibia in the majority of patients, which is com-
parable with similar published studies [39—43].
Transosseus osteosynthesis technique is a good
method for tibiotalocalcaneal joint fusion, especi-
ally in the case of coexisting joint infections, bone
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and joint defects or limb discrepancy. Our results
and the results of many authors indicate that the
[lizarov method is an effective alternative means of
correcting complex foot deformities, especialy in
feet that have previously undergone surgery [46].

Comminutive fractures of the tibial pilon are
very serious ankle injuries, and therefore a serious
problem for the orthopedic surgeon who treats them
and have a highly uncertain outcome. Treatment of
these injuries even with best surgical technique le-
aves some impact on the function of the ankle. Tran-
sosseous osteosynthesis with the Ilizarov apparatus
in our experience and in the experience of most au-
thors has proved to be significantly superior to the
traditional methods of osteosynthesis (ORIF), beca-
use it reduces the risk of infection, and enables good
management with bone fragments [47].

Our results in treatment of acute tibial shaft frac-
tures and deformities caused by complications of
treatment with this method in comparison with the
observation of other authors who apply the same met-
hod also give us the right to claim with certainty that
this method can be called “the method of choice” for
the treatment of multifragmented open and closed
fractures and consequent deformities [48]. A large
number of polytraumatised patients were treated and
insertion of more than one appliance to the locomo-
tor system in very serious, multiple bone injuries is
a definitive mode of treatment [49]. Our results in
thistype of application are very good.

Conclusion

Although the Ilizarov method carries some in-
conveniences for patients besides being costly and
labor-intensive, it is an effective way of treating
complicated nonunion in which previous surgical
treatment has failed. The llizarov system provides
rigid fixation even in the osteoporotic bone and
alows early active and passive mation starting from
the first postoperative day. The Ilizarov system is
superior to other methods of treatment, especially
when there is an infection and bone loss as the me-
chanical stimulations increase local tissue nou-
rishment, and transosseous osteosynthesis restores
the function of the injured limb, increases local blo-
od flow and stimulates osteogenesis.
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Summary

Total hip arthroplasty has completely revolutionized the nature in
which the arthritic hip is treated, and it is considered to be one of the
most successful orthopedic interventions of its generation. It has been
practiced at the Department of Orthopedic Surgery and Traumato-
logy, Clinical Center of Vojvodina, Novi Sad since 1970, and several
thousand interventions like this have been performed. A continuous
increase in the number of such interventions is noticed, this particu-
larly applies to revision hip arthroplasty procedures by implanting
cementless, hybrid and cemented prostheses. In routine clinical prac-
tice fresh frozen allotransplants from bone bank are used to fill the
bone defect, and 671 revision hip interventions were performed in
the last 15 years. A large number of arthroplasty procedures and good
postoperative outcome result from long tradition in performing the-
se interventions, and they are achieved by well educated orthopedic
surgeons, excellent anesthesiology care and very professional staff
asssting in trestment of these patients.

Key words: Arthroplasty, Replacement, Hip; Osteoarthritis; Allo-
grafts; Reoperation; Bone Banks; Treatment Outcome; Recovery of
Function

I ntroduction

Degenerative changes to small and large joints of
the human organism are the most common diseases
of the locomotor system. The prolongation of human
life resulted in the fact that almost every human of an
older age suffers from ailments related to the locomo-
tor system as a result of degenerative changes. Chan-
ges to the joints caused by degeneration can be found
throughout the human population to a lesser or greater
degree depending on therace, dimate and conditions
of life [1]. Degenerative joint diseases (arthroses) be-
long to the group of persistent chronic processes ma-
nifested in the progressive deterioration of articular
cartilage and tissue support and they are accompanied
by proliferative processes on the bone tissue of joints
[2]. The incidence of degenerative joint diseases in the
human population is very high taking the fourth place
among the causes of diseases, i.e. of medical treatment
of the human population in western countries, after
cardiovascular, cerebrovascular and lung diseases. In
2003, 42.1 million people underwent medical trea-

SaZetak

Totalna artroplastika zgloba kuka u potpunosti je revolucionalizova-
la prirodu tretiranja artritisa kuka i smatra se jednom od najuspesni-
jihortopedskihintervencijasvoje generacije. NaKlinici zaortoped-
sku hirurgiju i traumatologiju Klinickog centra u Novom Sadu pri-
menjuje se od 1970. godine i do sada je uradeno vise hiljada ovakvih
intervencija. Uocava se kontinuirani porast ovih intervencija $to se
posebno odnosi na revizione artroplasticne procedure na zglobu
kuka. Poslednjih 10 godina uradeno je 4 661 artroplasti¢na procedu-
ra na zglobu kuka tako $to su implantirane bescementne, hibridne i
cementne proteze. U rutinskoj klinickoj praksi se primenjuju sveze
zamrznuti alotransplantati iz kostane banke radi popunjavanja ko-
Stanog defekta tako da je u poslednjih 15 godina izvr$en 671 revizi-
oni zahvat na zglobu kuka. Veliki broj artroplasti¢nih procedura i
dobri postoperativni rezultati bili su moguci zahvaljujuéi tradiciji u
obavljanju ovih zahvata, dobro edukovanim ortopedskim hirurzima,
odli¢noj anestezioloskoj brizi i veoma stru¢nom osoblju koje uce-
stvuje u leenju ovakvih pacijenata.

Kljuéne reci: artroplastika kuka; osteoartritis; alografti; revizija;
kostane banke; ishod leCenja; funkcionalni oporavak

tment in the US as the result of degenerative diseases,
while it is anticipated that the number of patients will
considerably increase in 2030 and amount up to 67
million. Medical treatment costs of such a large num-
ber of patients are enormous thus significantly burde-
ning health systems of countries throughout the world
as well as of our country. In the US alone 233.5 billion
dollars were spent in 1997 to treat the patients with
degenerative disorders of locomotor system, in 2003
the sum amounted to 321.8 billion dollars, with the
tendency of constant growth.

Etiology

Depending on etiological factors arthroses are
distinguished as primary and secondary.

Primary arthroses — The actual cause of degene-
rative changes with no apparent cause, i.e. due to
aging, has not been completely clarified until today,
that iswhy they are called essential arthroses. They
begin without any known cause and more or less repre-
sent the normal process of aging. They usually occur
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Abbreviations

THA  —total hip arthroplasty

NAD  —no appreciable disease

PRP —platelet rich plasma

BMAC —bone marrow aspiration concentrate

AATB — American Association of Tissue Banks

EAMST — European Association of Musculo-Skeletal
Transplantation

EATB - European Association of Tissue banks

after the age of 40 years and their frequency grows by
aging. The frequency of degenerative changes is signi-
ficantly influenced by heredity factor, body composi-
tion, they are aso more frequent after meno and andro-
pause which is explained by a decrease in secretion of
sex hormones. In addition, certain jobs speed up the
onset of arthritic changesto joints, especialy at places
where vibrations and counter-strokes are involved (wor-
kers on pneumatic drills, blacksmiths, farmers etc.)

Secondary arthroses — They result from various
static disruptions, posttraumatic conditions, inflam-
matory processes etc. At the beginning a pathological
process takes place at the level of articular cartilage
and the further development of degenerative changes
induces reactive changes on articulated bone ends,
which are usually mono or biarticular, having larger
significance if they occur in lower extremities.

Traumas of joints and their adjacency such as
intraarticular fractures, osteochondritis dissecans,
free articulated body and similar, considerably add
to an onset of degenerative changes, especially
when treatment is inadequate.

Arthritic changes to hip joint result from both
congenital and acquired disruption of joint statics,
altered dynamic ratio of articular surfaces such as
with cor:jgenital hip displacement, conditions after
Perthes disease and epiphysiolysis and others.

Inflammatory joint diseases - nonspecific ar-
thritisis nowadays relatively rare thanksto efficient
antibiotic therapy, but it occurs with certain immu-
nodeficiency disorders. Anincreasein specific joint
inflammations has recently been registered, espe-
cially tuberculosis, which is explained by deterio-
rated life conditions and nutrition, greater number
of stressful situations, etc.

In addition, arthritic changes develop to alarge
extent into rheumatoid arthritis, femur head aseptic
necrosis, non treated gout cases, with frequent he-
marthrosswith hemophilia, certaininternal diseases
(Addison, Paget, Gaucher, rachitis and other) etc.

Clinical picture

The reason why patients seek medica help for the
first time is pain, which usually occurs in primary ar-
throsis after certain physical effort such as longer wal-
king (especially on rough ground), running, carrying
load, performing heavy physical work, etc. Patients usu-
ally deny the existence of trauma or they mention some
low-intensity injuries. The pain can be intensified by
exposure to a variety of weather factors, such as cold or
humidity.
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Stiffness is characterized by a limited range of mo-
tion in diseased joints, often accompanied by crepita-
tions and popping sounds, which is of a low intensity
at the onset of a disease, but it gets worse (contracture)
as degenerative changes develop and affect al hip
structures in the latest stage.

Deformity - Due to numerous osteophytes, dis-
tended bursa and tendon constriction and muscles
spasm, large swollen joints are formed, which are
difficult to be recognized in the region of the hip.

Degenerative changesto the hip lead to walking
abnormalities (limp) caused by pain and constricti-
on of extremities. After acertain period of time, the
difficulty to move and pain result in muscular hy-
potrophy, which additionally contributes to the re-
duction of movement.

Diagnosis - is made based on anamnestic data in
the presence of persistent pain, difficulty in moving
and stiffness apart from general symptoms. Labora-
tory analyses show NAD (no appreciable disease),
except of the potential increase in cell number of pun-
ctured synovial fluid. In case of primary arthroses
X-ray examination shows no significant changes to
the affected jointsin the early stage of disease. Onthe
contrary, in case of secondary arthroses, i.e. posttra-
umatic conditions, inflammatory diseases, disruption
of joint statics (congenial disruption, Perthes disease
etc.) there are deviations from findings usual for the
patient’s age. Asthe disease progressesthefirst chan-
ges are found on the cartilage, which result in constric-
tion of joint ends on X-ray. It is necessary to empha-
size that radiological changes on bones are not in direct
correlation with a subjective discomfort of the patient.
In some patients this subjective discomfort is_more
distinct than in those having significant degenerative
changes visible on X-ray.

All previously quoted causes of secondary ar-
throses, which have differential diagnostic value
relative to primary (idiopathic) arthroses, should be
taken into consideration (rheumatoid arthritis, in-
flammatory, specific and nonspecific, joint disea-
ses, metabolic illnesses, some arthropathies, asep-
tic necroses (especially hip), tumors etc.)

Conddering the prevalence of degenerative disea
ses, no wonder they are the reason for a high number
of working dayslogt, while the medica trestment appli-
ed in order to lessen discomfort and increase the fun-
ctional ability of a patient is also one of the biggest item
in total costs allocated to health insurance. The patient’s
ability to work depends mainly on the process locali-
zation, functional overload as well as on subjective
discomfort. It depends on working place and way of
performing the job, with emphasis on non-physiologi-
cal body posture (body bending during work, kneeling,
seating, crouch, continuous load of spinal column when
carrying weight and similar).

Treatment
Generdly speaking the aim of treating degenerati-

ve changes is to ease pain and muscular spasm, impro-
ve the function of diseased part of the human organism,
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prevent joint contractions, i.e. encourage patients to
resume their daily routine and professional activities.
In most casesit isaconservative way of treatment i.e.
medicamentous and physical therapy, whereas surgical
treatment (orthopedic) is assigned only with exceptio-
nally advanced types of disease when there are dis-
tinct destructive changes to musculoskeletal system
or in conditions where there is a necessity for static
anomalies correction of affected extremities (in cer-
tain congenial and posttraumatic conditions).

Conservative trestment depends on the stage of dli-
nical manifestations. Medicamentous treatment inclu-
des giving antirheumatics (nonsteroidal), antiflogistics
(salicylates) and miotonolitics per os or parenterally,
whereas local antirheumatic balms or corticosteroid
drugs are applied either intraarticularly or locally in
combination with anesthetics. Such local intraarticular
therapy is not recommended for adolescent patients,
because it can cause processes of joint cartilage destruc-
tion. Lately, the routine procedure assumes intraarticu-
lar application of plasma enhanced by thrombocytes
(platelet rich plasma (PRP) or Orthokin) and stem cells
taken from the bone marrow aspiration (Bone marrow
aspiration concentrate - BMAC). The bone marrow
taken from the pelvic crest or tibia upper end has a
great potential in healing cartilage and bone flaw as it
has a significant number of mesenchymal cells and se-
vera growth factors. Platdlet rich plasmaa so contains
several growth factors released from thrombocytes
which can also stimulate mesenchymal bone marrow
cells to multiply and differentiate in other tissues [3—5].

Physical therapy is simultaneously combined with
medicamentous treatment and involves kinesitherapy,
hydrotherapy, various electrotherapy procedures. The
main goal of thistherapy ispreservationi.e. restora-
tion of joint and spine functions (dynamic balance).
It needs to be emphasized that physical treatment is
gf)plied only after alleviating the most painful, initi-

phase of disease.

Surgical (orthopedic) treatment is applied only
when a conservative treatment is unable to ease subjec-
tive discomfort and amount to improvement of functi-
onal abilities of diseased body part. At least six mont-
hsof persstent physical therapy treatment isnecessary,

—

Figure 1. Cementless hip prosthesis
Slika 1. Bescementna proteza kuka
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and if it fails to achieve some subjective improvement,
then some of surgical methods are applied.

Arthroplasty - is a surgical procedure during whi-
ch severeII))/ degenerative altered joints, where de-
struction of articular hip surfaces is present, are re-
placed with implants. Implantation of mostly total
prostheses adds to the disappearance of pain, repai-
ring of joint function which results in the improve-
ment of living and working activities. There are some
limiting factors because all implants represent fore-
ign bodies in human organism, so there is the que-
stion of biomechanical and biological acceptance of
prostheses, as well as of the “survival” length of em-
bedded implants. Recently, technological progress
and improvement of prostheses, tolerance period and
implant functionality is growing, which is especially
true for hip and knee prostheses. Total hip replace-
ment is believed to be one of the most successful
orthopedic interventions [6, 7]. In cases when only
femural part of the joint, i.e. the head of the femur is
replaced we speak about hemiarthroplasty.

The first prosthesis of femur head made of ivory
was implanted in 1891 by Professor Themistocles
Gliick in Germany, when he replaced the femur head
dilapidated due to tuberculous process. In 1925 the
American surgeon Marius Smith-Petersen [8] introdu-
ced the mould arthroplasty made of glass, and the first
who used “metal-on-metal” prostheses was English
surgeon George McKee in 1953, with a high survival
rate, i.e. the survival rate amounted to 74% after 28
years. The father of modern arthroplasty is an ortho-
pedic surgeon Sir John Charnley who designed his
prosthesis in the early sixties of the last century, on
whose principles all modern tota hip prostheses are
based [9].

Technological progress and improvement of im-
plants all over the world, both in developed coun-
tries and in our country as well, have led to an enor-
mous increase in the replacement of degenerative
altered hips during last thirty years. In the last de-
cade, here as well as throughout developed countri-
es of Europe and America, the number of both pri-
mary and revision arthroplasty procedures grew
rapidly [10]. The reasons for this lie in the fact that
a long period from previous primary arthroplasty
procedures has passed up to now; the life span has
extended, and the number of local complications
such as prostheses luxation, infections, etc also
grows with an increase in the number of procedures.

Depending on the loss of bone mass, i.e. defects
in the bone continuity, age, living requirements,
three basic types of prosthesis are routinely applied
nowadays: cemented, where a contact of both com-
ponents with a bone is accomplished by means of
cement; cementless, where there is a contact of me-
tal components directly to the bone, and hybrid,
where usually a metal cap is implanted into aceta-
bulum at the same time cementing the femoral part
of prothesis in the femural canal. It is possible to
have a case when polyethylene cap is cemented in
the acetabulum and cementless component of the
prosthesis is implanted in the femur, i.e. there is a



38

Figure 2. Hybrid hip prosthesis
Slika 2. Hibridna proteza kuka

direct contact between metal-bone when it is called
contra-hybrid. Depending on the contact of aceta-
bular and femoral components (femoral head) there
are thefollowing types of prostheses. metal-polyet-
hylene, metal - metal, ceramic - ceramic and cera-
mic-polyethylene [11-14]. Two types of prosthesis
are used for hemiarthroplasty of the hip joint:
Moore’s prosthesis and biarticular prosthesis.

Generally speaking, cementless prostheses areim-
planted in the patients up to 65 years of age where qu-
ality of bone tissue is good according to the Rulebook
of Serbian Republic Fund of Health Insurance (Figure
1). Hybrid total prostheses are implanted in the patients
between the ages of 65 and 75 years, and cemented ones
in the patients over the age of 75 years (Figure 2). He-
miarthroplasty is applied in cases of ederly patients
(over 75 years of age? with fracture of the femoral neck
where the expected lifespan is not long.

Prof. Dr. M. DosSen performed the first total hip
replacement surgery at the Department of Orthope-
dic Surgery and Traumatology in Novi Sad in 1970
and it was among the first in the Socialist Federal
Republic of Yugoslavia [15]. Primary and revision
arthroplasty procedures are routinely performed on
a daily basis, and thousands of cases have been tre-
ated ever since. Out of 4,661 arthroplasty procedures
performed at this Department in the period from
2006 to 2015, 1,516 were cemented prostheses, 1,389
were cementless and 475 were hybrid prostheses. In
addition, 470 revision hip arthroplasty procedures
were performed and five segmental (tumor) prosthe-
ses were implanted. Due to the fracture of the femo-
ral neck 819 hemiarthroplasty procedures were done
(765 Moore prostheses and 54 biarticular ones).

It has been possible to perform such a large num-
ber of arthroplasty procedures thanks to long tra-
dition in performing these procedures, well-educa-
ted and skillful orthopedic surgeons, operating
room and ward nurses as well as physiotherapists
and the whole staff taking part in the treatment of
such patients and high quality of pre-, peri- and
post-operative anesthesia. During the majority of
arthroplasty procedures, especially the revision
ones, cell saver was used because of heavy blood
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loss over a certain period of time, and thus most of
the patients who underwent arthroplasty procedures
at the Department did not receive blood transfusion
but only their own processed blood [16]. The pati-
ents also received multimodal postoperative anal-
gesia together with local application of conductive
blocks as a routine which significantly contributed
to their fast and efficient recovery [17]. Good peri-
and postoperative care by anesthesiologists allows
some orthopedic surgeons to apply a concept of fast
recovery (“fast tracking”) to their patients with to-
tal knee and hip replacement, which means early
verticalization of the patient, i.e. a few hours after
the intervention. Most surgical patients at the De-
partment are verticalized and start with early physi-
cal treatment a day after surgery.

The Department of Orthopedic Surgery and Tra-
umatology, Clinical Centre of Vojvodina in Novi Sad
differs from the majority of its counterparts in the
Republic of Serbia because we perform arthroplasty
procedures, mini invasive surgery and computer-assi-
sted surgery to hip joint, i.e. navigational surgery.
Mini invasive surgery technique has been applied as
a routine at the Department for some time already,
and in combination with good peri- and postoperati-
ve protocol and forced verticalization it results in a
shorter hospitalization and faster recovery after im-
plantation of both total hip joint and knee prostheses.
Several computer assisted hip and knee arthroplasty
procedures that were performed at the Department
proved to be a good method, but due to high price of
equipment and the length of surgery, they have not
become part of routine procedures [18, 19].

During last fifteen years, the number of revision
arthroplasty procedures has grown rapidly both here
and throughout developed countries of Europe and
America. The reason for this lies in the fact that up
to now a long period from previous primary arthro-
plasty procedures has passed, life span has extended,
and the higher number of procedures results in the
higher number of local complications such as prosthe-
ses luxation, infections, etc. [20-22]. Every repeated
surgery, especially rearthroplasty procedure, is much
more demanding both for a surgeon and for the patient,
asit is accompanied with a lot of local and genera

Figure 3. Revision hip replacement
Slika 3. Reviziona proteza kuka
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problems. This particularly applies to cases when the-
re is a loss of bone mass no matter whether it is situated
on the ilium or on thigh bone. This type of surgery is
long-lasting, blood loss is huge and the recovery itself,
i.e. hospitalization islonger in comparison to primary
hip arthroplasty. Trestment costsfor these patientsare
significantly higher, not only because of hospitalizati-
on duration, greater consumption of all drugs, but also
because of implants that are twice or four times more
expengve in comparison to primary prostheses. Mo-
reover, especially in cases where there is bone mass
loss it is essential to have the bone bank.

Depending on the bone mass loss, i.e. defects in the
bone continuity, age, living requirements etc. cementle-
ss and cemented prostheses or a combination of two
i.e. hybrid prostheses (Figure 3) areimplanted in revi-
sion arhtroplasty. The basic principle is that only the
loose part of the prosthesis is replaced. Usually it is a
case of aseptic loosening of prosthetic components,
although septic process develops in few cases [23-25].
In most cases it is a low-grade infection which occurs
only after some time (a year or more) and it is very
rarely manifested as purulent process immediately af-
ter surgery [26]. In these cases the replacement of pro-
sthetic components can be performed in two-step or
one-step procedure, the former being more frequent.
If there is a bone defect, bone allografts of various
forms are placed i.e. as massive ones, in the form of
tiny grafts (3—5 mm) or ground ones. The number of
complications after such surgical procedures is signi-
ficantly higher than after primary arthroplasty proce-
dures. Verticalization of such patients is slower, the
support on the operated extremity is from full to par-
tial, depending on the usage of bone allografts and type
of implant. Rearthroplasty procedures to hip joint are
a huge health and economic problem as well because
of expensive implants, drugs and treatments and long-
termincapacity for work.

Transplantation surgery of bone and joint system
is still not developed enough in our country, but ne-
vertheless it is applied in revision hip and knee ar-
throplasty procedures, in reconstructive surgeries on
ligaments and tendons (chronic instability of knee
and shoulder joint, tendon defects), in tumor and spi-
nal surgery, in joint arthrodeses etc. Non vasculari-
zed transplants are often applied routinely, which are
associated with problems such as revascularization
and remodeling of bone, ligament and tendon tissue
since these processes should be synchronous and
follow one another. In developed industrialized co-
untries allotransplants from bone banks have been
used routinely for more than three decades now.

Immune response of the human body to the bone
and tendon transplants is very moderate due to a
well-known fact that these tissues are in condition
of hypovascularity and have weak antigenic proper-
ties. The problem of transplant rejection is therefo-
re manifested to a much lesser extent than in other
branches of transplant surgery. Some studies have
shown that immunological processes that occur in
transplantation of bone tissue are predominantly of
cellular type, whereas it is still not clear what causes
a blockade of humoral immunity.
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Due to weak antigenic properties of tissues during
these procedures in routine usage it is not necessary
to perform a detailed tissue-typing, or to apply immu-
nosuppressive therapy, but it 1s enough to determine
the blood compatibility. The success of transplant sur-
gery in osteoarticular pathology depends also on the
Sze of transplant itseltl? while it is awell-known fact
that faster revascularization and remodeling are achi-
eved with smaller grafts. On the other hand, larger
grafts provide an opportunity of easier implantation
and fixation, thus satisfying basic biomechanical con-
ditions, which adds to faster and better physical trea-
tment i.e. postoperative results [27].

Having in mind the growing demand for allografts,
the necessity of forming bone banks is imposed. The-
ir main task is to provide sufficient quantities of clini-
cally safe bone and ligamentous allotransplants having
adequate biological and biomechanical qualities essen-
tial for their clinical implementation [28]. Allotran-
splants from a bone bank must be free of all potentially
harmful, transmissible diseases, but at the same time
they must preserve their osteogenic potential and me-
chanical hardness, necessary for a successful clinical
implementation of bone allotransplant [29]. In order to
avoid transmission of bacterial or fungal infections
from dlotransplant donor to arecipient, whileworking
in a bone bank the standard of American Association
of Tissue Banks (AATB) or European Association of
Musculo-Skeletal Transplantation (EAMST)/Europe-
an Association of Tissue banks (EATB) must be strictly
followed, which means cautious donor selection, com-
pliance with strict rules when taking, storing and im-
planting allotransplants [30, 31]. There is a prevailing
opinion that the application of fresh frozen or frozen
lyophilized grafts, together with previous virological
and bacteriological examination of donor and graft it-
self, provides best postoperative results.

The Department of Orthopedic Surgery and Tra-
umatology, Clinical Centre of Vojvodina, Novi Sad,
started to apply massive cortico-spongious allo-
grafts in 1992. The entire project of the bone bank,
with the permission of Ethics committee at thetime,
was conducted by Prof. Dr Aleksandar Jovanovi¢
with his assistants Dr. M. Milankov and Dr. D. Sa-
vi¢. The bone bank was established in 2008 at the
Department of Orthopedic Surgery and Traumato-
logy by providing a deep freezer with temperature
of — 80" C and all necessary equipment, when tran-
splant program came into operation at the Clinical
Centre of Vojvodina in Novi Sad. By establishing
the bone bank, bone and ligamentous allotran-
splants, both from cadaver donors (within transplant
program) and alive donors (head of the femur after
arthroplasty procedures to hip joint), have been
applied for the last 8 years. During the last 15 years,
671 revision hip arthroplasty procedures have been
performed at the Department, mainly due to loose-
ning of prosthesis components and in cases of bone
mass |loss. The demand for allografts has constantly
been on the rise so there is a need to incorporate
more people in organ donation and to improve the
transplant program in the country.
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KNEE OSTEOARTHRITISAND ARTHROPLASTY OF THE KNEE JOINT

OSTEOARTRITIS KOLENA I ARTROPLASTIKA KOLENA

Aleksandar LAZETICY, Mirka LUKIC SARKANOVIC? Dragan SAVIC'?,
Oliver DULIC?, Srdan RADIC" and Mirko OBRADOVIC'*

Summary

According to the Public Health Institute of Vojvodina one of the
main causes of morbidity, invalidity and absence from work in
Vojvodina are musculoskeletal diseases. Osteoarthritis is a mul-
tifactorial joint disease, with catabolism and inflammation in its
background. For radiological classification of knee osteoarthritis
stage Kellgren-Lawrence scale is used. It consists of five levels,
from stage “0” to stage “4”. The goal of osteoarthritis treatment
is to reduce pain and muscle spasms, improve limb function,
prevent joint contractures and train patients to function in every-
day life and professional activities. The therapy is divided into
conservative (medical and physical) and surgical. Arthroplasty
is a surgical procedure that involves destruction of articular sur-
faces and replacement of degenerativejointswith endoprostheses,
which result in increased general and working ability. Modern
endoprostheses enable a high success rate of the procedure. At
the Department of Orthopedics and Traumatology, Clinical Cen-
ter of Vojvodinain Novi Sad, thefirst knee aloarthroplasty was
performed in 1989. Since then, more than 3000 knee aloarthro-
plasties have been done. Clinical patient evaluation was obtained
through subjective status, functional evaluation and use of sco-
ring systems. More than 80% of patients had a good or a great
score.

Key words: Osteoarthritis, Knee; Knee Joint; Arthroplasty,
Replacement, Knee; Treatment Outcome; Disability Evaluation;
Recovery of Function

I ntroduction

According to the data taken from the report
“Analysis of the health status of the population of
Vojvodina” of the Public Health Institute of Vojvo-
dina, one of the major causes of morbidity, disabi-
lity and absence from work in Vojvodina are mus-
culoskeletal system diseases (10.1%), primarily
degenerative diseases.

Degenerative joint disease, osteoarthritis, belon-
gs to a group of chronic processes, which are cha-
racterized by progressive deterioration of cartilage
and supportive tissues and are accompanied by pro-
liferative processes in the bone tissue of joints. De-
gradation process in the articular cartilage often
leads to the occurrence of chronic inflammatory
process of the synovial membrane.

SaZetak

1z podataka Instituta za javno zdravlje Vojvodine, jedan od glav-
nih uzroka morbiditeta, invaliditeta i odsustvovanja sa radnog
mesta u Vojvodini jesu bolesti kostano-zglobnog sistema. Oste-
oartroza je bolest zglobova viSe uzroka, povezanih sa kaskadom
katabolickih i inflamatornih procesa. Za radiolosku klasifikaci-
ju stadijuma osteoartritisa kolena koristi se Kelgrin—Lorens
(Kellgren-Lawrence) skala koja ima pet nivoa, od stadijuma 0 do
stadijuma 4. Cilj leenja osteoartroza je smanjenje bola i miSi¢nog
spazma; poboljsanje funkcije ekstremiteta, spre¢avanje kontrak-
ture zglobova i osposobljavanje bolesnika. Terapija se deli na
nehirursku (medikamentnu i fizikalnu) i hirur§ku. Aloartropla-
stika je operativni zahvat pri kome se zglobovi, sa destrukcijom
zglobnih povrsina, zamenjuju endoprotezama, Sto rezultira po-
boljSanjem Zzivotne i radne sposobnosti bolesnika. Savremene
endoproteze omogucuju izuzetno visok procenat uspesnosti pro-
cedure. Na Klinici za ortopedsku hirurgiju i traumatologiju,
Klini¢kog centra Vojvodine u Novom Sadu, prva aloartroplastic-
na ugradnja totalne proteze kolena uradena je 1989. godine i do
2016. godine operisano je preko 3 000 artroplastika kolena. Kli-
nic¢ka evaluacija pacijenata dobijena je na osnovu subjektivnog
statusa, funkcionalnog nalaza i kori$¢enjem bodovnih sistema.
Obradom navedenih podataka, iznad 80% pacijenata imalo je
dobar i odlican rezultat.

Kljuéne redi: osteoartritis kolena; zglob kolena; artroplastika
kolena; ishod lec¢enja; procena nesposobnosti

These changes are most common in largejoints,
such as the hip joint and the knee joint. Due to its
high incidence, osteoarthritis takes the third place
in the world [1].

The real cause of degenerative changes is not fu-
lly understood. They can be divided into primary and
secondary ones depending on the etiological factors.

The cause of primary arthrosis is called essen-
tial arthritis, which practically represents physiolo-
gical process of aging. The impact of genetic fac-
tors, body composition and sex on more frequent
occurrence of degenerative changes is considerable.

Secondary arthritis results from different static
disorders, post-traumatic conditions, inflammatory
processes and many other factors. Cartilage damage
happens due to a change in the static-dynamic re-
lationship between articular surfaces.

21000 Novi Sad, Hajduk Veljkova 1-7, E-mail: drlaki ns@yahoo.com
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Abbreviations

HSS — Hospital for Special Surgery
KCV  —Clinical Center of Vojvodina
KL —Kellgren-Lawrence scale
KSS —Knee Society Score

NRS — Numeric Ratio Scale

NSAID - Nonsteroidal Anti-Inflammatory Drug

Inflammation of the joints also contributes to
the development of later osteoarthritic changes.
Non-specitic arthritis is relatively rare today, due
to effective antibiotic therapy, but it may occur in
certain immunodeficiency states. In recent years,
there has been an increase in specific inflammation
of the joints, which is explained by the deterioration
of living conditions, nutrition and stress.

Besides, rheumatoid arthritis can often lead to
serious osteoarthritic changes, which require long-
term treatment. Untreated cases of gout, some he-
matological and other internal diseases may also be
a cause of osteoarthritis.

Osteoarthritis is a disease of the joints whose
occurrence is not related to a single factor but a
combination of several causes associated with the
cascade of catabolic and inflammatory processes
due to the injury of articular cartilage. The changes
are due to increased activity of lysosomal proteolytic
enzymes, and/or reduction of the synthetic activity
of chondrocytes. Asthe process progresses, the ar-
ticular cartilage degenerates which results in fissu-
res, erosion and loss of articular cartilage. Cysts are
formed, there is destruction of the subchondral bone
and the formation of new bone in the form of oste-
ocytes. In addition, thereis arelease of inflamma
tory mediators resulting in the destruction of the
joint, which is most often irreversible [2].

The main symptom in degenerative joint disease
is pain. It usually occurs after a certain amount of
physical exertion and can be intensified by weather
changes and after exposure to cold and moisture.

The diagnosis of osteoarthritis is made based on
medical history and physical examination, whichis
dominated by pain, joint stiffness, and difficulty in
movement, in the absence of general symptoms.

Laboratory findings of patients are normal, apart
from a possible increase in the number of cells in
the synovial fluid. Radiological diagnostic proce-
dures are performed in order to visualize joint chan-
ges and are not directly correlated with subjective
complaints. Computed tomography and magnetic
resonance imaging of the diseased joint is of great
significance [3, 4].

The goal of osteoarthritis treatment is to reduce
pain and muscle spasms, improve limb function,
prevent joint contractures and train patients to fun-
ction in everyday life and professional activities.

The therapy is divided into conservative (medical
and physical) and surgical. Primarily, the patients are
recommended to change their behavior and lifestyle.

One of the prioritiesin the prevention of osteoar-
thritis is to reduce body weight thus reducing burden
on the affected joint. Therisk of osteoarthritisinthe

obese people is 4 to 7 times higher compared to the
population with normal body weight.

Obesity is a major epidemiological problem of po-
pulation of Vojvodina, as shown by the results of the
research of the Institute of Public Health of Vojvodina.

Medical treatment involves the use of antirheu-
matic, antiinflammatory and myolytic drugs, ad-
ministered parenterally, orally, intra-articularly and
locally. Preparations of hyaluronic acid and corti-
costeroids can also be applied intra-articularly, but
their application is not recommended in younger
patients, because they can accelerate the process of
destruction of articular cartilage [5, 6].

Physical therapy is carried out simultaneously
with medication and includes kinesiotherapy, hy-
drotherapy, and arange of electrical and electroma-
gnetic therapeutic procedures.

Surgical treatment is conducted if conservative
treatment does not result in alleviation of subjective
symptoms and improvement of functional ability of
the affected limb.

Arthroplasty is a surgical procedure that involves
destruction of articular surfaces and replacement of
degenerative joints with endoprothesis. Total joint
replacement contributes to analgesia and improve-
ment of joint functionality, which results in an im-
provement of working ability of gatients [7, 8].

Since the beginning of the 21% century, there has
been an increasing number of hip and knee arthro-
plasty carried out every year. According to estima-
tes, the number of joint replacement procedures will
be significantly higher in the coming decades [9].

There is almost no country in the world that does
not have long waiting lists wKen it comesto solving
advanced osteoarthritis of the joints. The goal of
each joint replacement procedure is to achieve me-
chanical stability of the prosthetic components, bio-
mechanical reconstruction of the joint and its functi-
ons [10].

The knee joint (articulatio genu) is the biggest
joint in the human body with a complex structure.
The stability of the knee joint is the result of the
geometry of articular surfaces, menisci, ligaments,
joint capsules, muscles and gravity, which allow
complex movements of thisjoint.

Knee osteoarthritis causes the working and living
disability in the elderly population, as much as heart
and lung diseases combined [1]. Kellgren-Lawrence
(KL) scale is used to work out radiological classifi-
cation of knee osteoarthritis stage. It consists of five
levels, from stage “0” to stage “4” [1].

Indications for arthroplasty of the knee include
over a hundred different conditions which disrupt
the normal function of a joint, because of pain, mo-
vement limitation or contractures, when all conser-
vative methods are exhausted. Total knee joint ar-
throplasty is indicated in all cases of painful joints
with altered function, where non-surgical treatment
has not given a satisfactory result. Arthroplasty
procedures should relieve pain in the knee, correct
deformity, resume normal joint function and resto-
re patient's daily activities.
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An increasing number of knee arthroplasty is
performed every year. The increase in the number
of these procedures is far greater than in the number
of hip arthroplasty. The number of knee arthropla-
sty procedures is expected to increase 2.5 times in
the next twenty years. It issignificant that the pati-
ents are female in 60% of cases of knee arthroplasty
[12, 13].

There are certain differences in the structure and
shape of the bone elements of the knee joint in re-
lation to sex, which are recognized by implant ma-
nufacturers. Knee prostheses intended for female
population are specially designed to adapt better to
the structure and shape of the bone in order to ac-
hieve better functional results.

Contemporary endoprostheses, with proper in-
stallation, provide an extremely high success rate
of the procedure, both in short-term and long-term
studies. The components of total prosthesis must
endure years of cyclic loading, which is at least
three to five times Increased in relation to the weight
of the body and can occasionally be increased 10 to
12 times [14, 15].

Theaim of arthroplasty isto achieve normal va
lue of mechanical leg axis and to equalize tensions
of medial and lateral joint structures. The position
and orientation of the elements of the prosthesis should
enable the smooth performance of the movements of
flexion and extension of the knee [16].

The biomechanics of the knee joint can be re-
constructed by restoring the anatomical axis, by
achieving functional stability and good fixation of
the implant, as well as by reconstructing the joint
line. The appropriate clinical and functional result
is obtained by achieving stability of the knee in
flexion and extension [17].

The challenge of knee arthroplasty is a functio-
nal outcome, when a great range of motion is achieved,
while preserving the kinematics of the joint, with
appropriate radiographic findings. Preoperative
planning results in a lower perioperative morbidity
and complication rate [18].

Over time, the standards of the professioninre-
lation to the functional results of aloarthroplasty
have become increasingly higher, and the expecta-
tions of patientsin later stages of knee osteoarthri-
tis are getting bigger [19]).

There are constant requirements for more and
more efficient operating procedures in knee arthro-
plasty [20]. Thanks to the Internet access and ava-
ilability of information, patients are better informed
about the possibilities of modern artrhoplasty.

There are more patients with degenerative chan-
ges who require knee arthroplasty at younger age,
aswell as patients in the ninth decade of life. The-
refore, surgical techniques must be adapted to each
patient [9].

Material and Methods

There are numerous scoring systems for clinical
and radiological evaluation of the results after im-
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plantation of total knee prostheses, including HSS
(Hospital for Special Surgery) and KSS (Knee So-
ciety Score) scoring system or scoring system of the
K nee Association of American Academy of Ortho-
pedic Surgeons based on radiographic evaluation
of the results after implantation of total knee pro-
sthesis [21, 22].

All systems for the evaluation of the clinical re-
sults are scored on the basis of subjective and clini-
cal status as well as functional findings by the pro-
tocol [23].

At the Department of Orthopedics and Trauma-
tology, Clinical Center of Vojvodina (KCV) in Novi
Sad, the first modern typetotal condylar knee pro-
sthesis was implanted in 1989. Since then until 2016
more than 3,000 knee arthroplasty procedures were
performed, including very complicated and deman-
ding revision procedures with a complex revision
endoprosthesis implantation and tumor endopro-
sthesis used in case of ligamentous deficit and ma-
ssive bone defects. The average age of patients was
68 years and more than 60% of the patients were
females.

Results

Clinical evaluation of the patients was done by
means of HSS (Hospital for Special Surgery) scoring
system, based on a subjective status and functional
findingswith the average HSS score. Preoperativeand
postoperative points, being 43/100 (43 of 100) and
90/100 respectively indicate a high success rate of
operative treatment of knee ostheoarthritis. Accor-
ding to the obtained data, over 80% of patients had
agood or agreat score.

Discussion

The concept of accelerated treatment (Fast
Track, Rapid Recovery) has been increasingly im-
plemented at the Department of Orthopedic Surge-
ry and Traumatology of KCV in recent years in
order to satisfy the requirements of the modern age
for even more efficient operating procedures in
knee arthroplasy. Such a concept has been used at
numerous well-known orthopedic departments for
about two decades [24].

A multidisciplinary approach, which also includes
preoperative education and motivation of patients, whi-
le recognizing the individual characteristics of pa-
tients, enables optimal treatment and prevention of
complications [20].

Therole of the anesthesiologist isvery important
in the preoperative selection of the optimal protocol
and premedication of the patients in accordance
with their general condition and comorbidities [25].

The preconditions that would enable mobiliza-
tion and verticalization of patients within several
hours of surgery, thus reducing the length of hospi-
tal stay can be created by applying adequate, mini-
mally invasive surgical technique, prevention of
perioperative discomfort, adequate hydration of
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patients, with a reduction in blood transfusion,
adequate multimodal analgesia, early enteral nutri-
tion and activation of patients, aswell as prevention
of thromboembolic complications [19, 26, 27].

The patient is instructed to continue treatment
at home within three postoperative days. Prior to
discharge, the patient is further advised regarding
recovery at home to prevent readmission [25].

Such a treatment results in higher patient’s sa-
tisfaction, better functional results and a lower per-
centage of perioperative complications. All the above
mentioned reduces the overall cost of treatment and
represents the best option for most patients. In ad-
dition, it contributes to reducing waiting lists for
total knee replacement surgery [28].

This rapid recovery treatment has been imple-
mented in approximately 400 patients who un-
derwent knee arthroplasty thus far. The average age
of patients was 64.5 years, 70% of the patients were
women, and 69.9% were given regional (spinal) ane-
sthesia. During surgery tranexamic acid (an antifi-
brinolytic) was used, consequently only 10.45% of
patients received allogenic blood transfusion [27].

Postoperative analgesia was carried out by a com-
bination of nonsteroidal anti-inflammatory drugs
(NSAIDs), acetaminophen and opioid analgesics.

Adequate hydration and anti-emetics have also been
prowded Tﬁe intengity of postoperative pain was de-
termined by means of the NRS (Numeric Ratio Scale).

The patients had their first postoperative meal
about 6 hours after surgery, they were active (si-
tting, standing beside their bed and walking) 6 to 8
hours after surgery and the average length of hos-
pital stay was 2.20 days.

Conclusion

The conclusion is based on the evaluation of su-
bjective status and functional findings that over
80% of patients had a good and a great result, whi-
ch suggests that knee aloarthroplasty as a method
of operative treatment of knee ostheoarthritishasa
high success rate.

The concept of accelerated treatment (Fast Track
or Rapid Recovery) is the best treatment option for
most patients owing to a multidisciplinary approa-
ch, especially cooperation between the anesthesio-
logist and orthopedic surgeon, along with tailor-
made treatment for each patient.

There is ample evidence about the benefits of
accelerated treatment (Fast Track or Rapid Reco-

very).
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THE USE OF PARTIAL PROSTHESISIN SHOULDER SURGERY

PRIMENA PARCIJALNIH PROTEZA U HIRURGIJI RAMENA

Srdan NINKOVIC!2, Sladana RADOSAVLJEVIC?, Vladimir HARHAJI'2, Ivica LALIC2,
Nata$a JANJIC2 and Mirko OBRADOVIC1?2

Summary

Introduction. Indications for the use of partial shoulder prosthesis
are dislocated four-part fractures and multi-part and four-part frac-
tures-dislocations, impressive fractures of the humeral head (inclu-
ding involvement of more than 40% of the articular surface) and
“head splitting” fractures of humerus. The aim of this study was to
present the results of the application of partial shoulder prosthesis
at the Department of Orthopedic Surgery and Traumatology, Cli-
nical Center of Vojvodina in Novi Sad and identify risk groups
among the participants. Material and M ethods. The study, which
was retrospective, included 22 patients who had undergone the par-
tial shoulder arthroplasty in the period from 2005 to 2015 at the
Department of Orthopedic Surgery and Traumatology, Clinical
Center of Vojvodina. The functional results were evaluated on the
basis of the Constant Shoulder Score. Results. The study sample
consisted of 15 women and 7 men, whose mean age was 64.9 + 9.1
years. The average time from the injury to surgery was 13.3 days.
According to the Constant scoring scale, the result was excellent in
6 (27%) patients, good in 3 (14%), fair in 7 (32%), and poor in 6
(27%) participants. 75% of participants said they were satisfied with
the results of the operation. Conclusion. Partial shoulder prosthesis
gives good functional results and allows resumption of activities of
daily living. Better results were obtained within the subjective se-
gments (pain, daily activities, vitality), which points out a greater
subjective patient’s satisfaction in relation to the measured functio-
nal outcome.

Key words: Shoulder Joint; Dislocations; Arthroplasty, Replace-
ment; Prostheses and Implants; Range of Motion, Articular; Trea-
tment Outcome; Recovery of Function; Patient Satisfaction; Pain
Measurement

I ntroduction

Prosthesis is an artificial shoulder joint which par-
tially or completely replaces the diseased or injured
joint. Thefirst written data on the application of pros-
thesis in the human population dates back to 1893,
when Jules Emile Péan [1] used an implant of platinum
and rubber by a Parisian dentist Porter Michaelsdesign
[2]. The largest contribution to the development of
shoulder prosthesis was given by Neer [3]. He designed
the partial Neer prosthesis in 1973, which is still applied
but with certain modifications [3]. Indications for the
use of partial shoulder prosthesis are dislocated four-

SazZetak

Uvod. Indikacije za primenu parcijalnih proteza ramena su Ge-
tvorodelni dislokovani prelomi i ¢etvorodelni i viSedelni prelo-
mi — i§¢aSenja, impresivni prelomi glave nadlakatne kosti (sa
zahvacenoscu vise od 40% zglobne povrsine) i head splitting
prelomi gornjeg okrajka nadlaktice. Cilj rada bio je da se pri-
kazu rezultati primene parcijalnih proteza ramena na Klinici
za ortopedsku hirurgiju i traumatologiju Klinickog centra Voj-
vodine u Novom Sadu i utvrde grupe s rizikom medu ispitani-
cima. Materijal i metode. Studija je bila retrospektivna. Ispi-
tivana su 22 pacijenta kojima je primenjena parcijalna proteza
ramena u periodu 2005-2015. godine na Kinici za ortopedsku
hirurgiju i traumatologiju Klinickog centra Vojvodine. Funk-
cionalni rezultati su procenjivani na osnovu Konstatovog skora.
Rezultati. Medu ispitanicima se nalazilo 15 Zena i sedam mus-
karaca. Prosecna starost ispitanika bila je 64,9 = 9,1 godina.
Prose¢no vreme od povrede do operacije je 13,3 dana. Prema
Konstantovoj bodovnoj skali Sest (27%) ispitanika imalo je od-
lican rezultat, dobar rezultat tri (14%), zadovoljavajuéi sedam
(32%), a los rezultat Konstantove skale imalo je Sest (27%)
ispitanika. Da je zadovoljno rezultatima operacije izjavilo je
75% ispitanika. Zaklju€ak. Parcijalne proteze ramenog zgloba
daju dobre funkcionalne rezultate i omogucavaju vracanje ak-
tivnostima dnevnog zivota. Bolji rezultati dobijeni su u okviru
subjektivnih segmenata (bol, svakodnevne aktivnosti, vitalnost)
$to govori o ve¢em subjektivnom zadovoljstvu pacijenata u od-
nosu na izmereni funkcionalni rezultat.

Kljuéne reci: rameni zglob; dislokacije; artroplastika; proteze
i implanti; opseg pokreta zgloba; ishod le¢enja; zadovoljstvo
pacijenta; merenje bola

part fractures and multi-part and four-part fractures-
dislocations, impressive fractures of the humeral head
(including involvement of more than 40% of the ar-
ticular surface) and “head splitting” fractures of hu-
merus [3].

Results of partial shoulder prosthesis depend on
the precise surgical technique, condition of the rota-
tor cuff musculature, adequate soft tissue tension,
rehabilitation and motivation of patients [4]. Delay-
ing surgery for more than 14 days leads to the initial
occurrence of scar, contracture of muscles, oste-
oporosis and increased risk of infection.

21000 Novi Sad, Hajduk Veljkova 1-7, Email: srdjan.ninkovic@yahoo.com
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This study was aimed at identifying the risk groups
among the participants and functional assessment of
results of partial prosthesis in shoulder surgery.

Material and Methods

The study was approved by the Ethics Commit-
tee of the Faculty of Medicine, University of Novi
Sad and the Ethics Committee of the Clinical Center
of Vojvodina in Novi Sad. The study participants
gave their consent to participate in the study after
the detailed explanation of the planned procedure.

Out of 26 patients who had the partial shoulder
prosthesis implanted at the Department of Ortho-
pedic Surgery and Traumatology, Clinical Center of
Vojvodina in the period from 2005 to 2015, 22 agreed
to be included in the study sample. Average follow-up
time was 38.8 months. Fracture of the proximal hu-
merus was the indication for the use of partial pros-
thesis in all cases, of which 19 were “head splitting”
and 3 were four-part fractures-luxation (Figures 1
and 2). The diagnosis was based on clinical examina-
tion, a series of x-rays and computed tomography
(CT). The deltoid pectoral approach was used in all
patients and the partial prosthesis was implanted to
all of them (Lima Corporate, SMR system). After
surgery, the patients were immobilized in a neutral
position, placing the upper arm in the 45° abduction
and 90° flexion during 6 weeks. Antibiotic prophy-
laxis was applied for a period of 48 hours by parenter-
a adminigration of thefirst generation cefalosporins.
Control radiograph (Figure 3) recordings were made
10 days, 3 weeks, 6 weeks, 3 months and 6 months
after surgery. Rehabilitation program, which was
individual for each patient, was initiated immedi-
ately after surgical treatment.

The Constant shoulder score was used to assess
the results of operations. The range of motion was
measured by means of goniometer, while the force
of withdrawal was measured according to the cri-
teria based on the number of kilograms that the
participant may hold in the position with the upper
arm at 90° abduction (the shoulder of a 25-year old
healthy man can withstand 12.5 kilograms without

p_

Figures 1 and 2. Multi-part fracture-dislocation of
proximal humerus

Slike 11 2. Visedelni prelom — iscasenje proksimalnog
humerusa

major difficulties; this value is taken as the highest
and carries 25 points). The Constant shoulder score
consists of four parts: the presence and intensity of
pain, activity level, range of motion and power of
abduction. The maximum score for the presence
and intensity of pain is 15 points, 20 points for the
activity level, 40 points for the range of motion and
25 points for the strength of abduction. The differ-
ence in the Constant shoulder score between the
healthy and operated limb represents a Constant’s
result which can be excellent (<11), good (12-20),
fair (21-30) and poor (> 31).

The obtained data were analyzed by means of
statistical program SPSS for Windows ver. 20. The
average values and standard deviation were calcu-
lated, and 2 and t tests were used to determine the
statistical significance.

Results

The study sample consisted of 15 (68.2%) women
and 7 (31.8%) men, whose mean age was 64.9 + 9.1
years. The oldest and the youngest participant were
75 and 40 years old, respectively. The participants
between the ages 50 and 70 years made up 63.6% of
the sample. Body mass index (BMI) was 28.3 £5.1,
placing the sample in the group of overweight.

The injury resulted from a fall in 16 (72.7%)
cases, traffic accidents in 5 (22.7%) cases, and in

Figure 3. Postoperative X-ray
Slika 3. Postoperativni RTG
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Graph 1. Mechanism of injury
Grafikon 1. Mehanizam povrede

one patient it was a result of electric shock (4.6%).
(Graph 1).

The time period between the injury and surgery
was less than 7 days in 6 (27.3%) patients, 7 to 14
days in 4 (18.2%) patients, 15 to 21 days in 4 (18.2%)
patients, 22 to 30 days in 5 (22.7%), and over 30
days in 3 (13.6%) patients (Graph 2).

The dominant hand was affected in 60% of pa-
tients. Eight participants said that they felt no pain
in the operated shoulder, 7 and 5 participants had
mild pain and medium strength pain, respectively
while 2 participants said that they felt strong pain.
(Graph 3) 77.3% of participants said that there was
no pain in healthy shoulder, while 22.7% of them
felt mild pain.

After surgery 9 patients could perform all activi-
ties of daily living, 6 participants occasionally had
limitations, and 7 had a permanent restriction in the-
ir daily activities. According to the Constant scoring
scale, the result was excellent in 6 (27%) patients,
good in 3 (14%), fair in 7 (32%y), and poor in 6 (27%).

We compared the sum of Constant’s scoring sca-
le of the operated shoulder with the results of the
opposite healthy shoulder, and the range of motion of
the external and internal rotation of the operated and
healthy shoulder. There was a statistically significant
difference (p <0.05) in all compared parameters. By
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Graph 2. Time passed (days) between injury and surgery
Grafikon 2. Vreme proteklo (dani) izmedu povrede i
operacije
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Graph 3. Shoulder pain — operated and opposite healthy one
Grafikon 3. Bol u ramenu — operisano i suprotno zdravo

comparing the range of abduction between the operated
and the opposite healthy shoulder, a statistically signi-
ficant difference (p <0.05) was found. The range of
flexion between the operated and the healthy shoulder
showed a statistically significant difference (p <0.05).
Medium Constant’s score was 65.3 + 18.8 and 88.2 +
9.5 for the operated shoulder and the opposite healthy
shoulder, respectivley. The average value of the range
of motion in external rotation was 54.25° +21,61° and
85.25° £ 4.72° for the operated shoulder, and the op-
posite shoulder, respectively. In internal rotation, the
average value of the range of motion for the operated
shoulder was 58° + 15,84" and 78° = 6,56 for opposi-
te healthy shoulder.

75% of participants said they were satisfied with
the results of the operation.

Discussion

The design of shoulder prosthesis has undergone
numerous changes during its development. A partial
type of prosthesis was first created, which was in-
tended for the treatment of fractures of the proximal
humerus. Nowadays, there is a considerably expan-
ded range of indications, resulting in an annual in-
crease in the application of shoulder arthroplasty [5].

There were more female than male patients in
our study sample. Such a difference in gender re-
presentation is due to the decreased bone density in
women over the age of 50 years, with a consequent
increase in the incidence of fractures of the proxi-
mal humerus [6, 7].

In the age structure of the participants of our
study, we noticed that 63.6% of them were between
the ages of 50 and 70 years. These data coincide
with the literature, where the fracture of the proxi-
mal humerus usually affects the age group of 50 to
70 years, and goes up with each successive decade
[8, 9]. The average age of the patients in our study
was 65 years. Dikli¢ et al. [10] reported that the ave-
rage age of the patients in their two-year study was
69 years. The similarity in the age structure can be
explained by the partial shoulder prosthesis applied
in both cases for the treatment of multi-fragmental
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fractures of the proximal humerus. Chu et al. [11]
have identified gender, age, obesity, osteoporosis,
epilepsy, diabetes, depression, left-handed people,
bad eyesight, use of alcohol and psychoactive su-
bstances as risk factors for fracture of the proximal
humerus. The risk factors present in our study were
gender, age and increased BMI, while other factors
were excluded by anamnesis.

Since the measured body mass index (BMI) of
patients was 28.3 + 5.1 in our study, they were classi-
fied as being overweight. No data were found in rese-
arch that directly compared the measured BMI in both
genders with the incidence of fractures of the proximal
humerus. Prieto—Alhambra et al. [12] reported in the-
ir study that overweight and obese women in meno-
pause were 30% more prone to fractures of the proxi-
mal humerus compared to normal weight women.
The mechanisms by which preobese stage and obesi-
ty lead to the development of musculoskeletal symp-
toms are increasing work demands and damage to
blood vessels which reduces the ability to regenerate
cartilage and consequent further damage [13].

In our study, the dominant hand was affected
more frequently (60%). These data coincide with the
observations of Dikli¢ et al. [10] whose research
showed that the dominant hand was affected in 62%
of 29 patients, as well as with other literature data
where a fracture of the proximal humerus frequently
occurs in the dominant hand [9,14]. LeBlanc et al.[15]
in their work wondered whether there was a diffe-
rence in the treatment outcome of fractures of the
proximal humeral treated with hemiarthroplasty in
relation to whether the dominant or non-dominant
arm was affected. Their study included 61 patients
with a multifragmented fracture of the proximal hu-
merus. Based on the results, the group of patients
with the injured dominant arm had significantly
lower objective and subjective outcomes of treatment.

The most common cause of injury in our study
was fall on the shoulders. Lind et al. [16] have shown
that the mechanism of injury in most cases is the
result of indirect effects of force on the shoulder,
which occurs as a result of the fall in 79% of cases,
traffic accidents in 14% or in the course of various
sports and recreational activities in 7% of cases.

One of our patients suffered a fracture of the
proximal humerus as a result of electric shock. Zbu-
chea [17] in his case report mentions the same
example. Although they are often described as the
result of electroconvulsive therapy, skeletal injuries
as a result of accidental electrocution are very rare.
Fractures as a result of electrocution occur in places
with significant and powerful muscles, such as the
spine, hip and shoulder. Fracture occurs as a result
of tetanic muscle contraction [17].

The patients were operated 13.3 days after the
injury on average, which is consistent with data
from the literature, according to which it is neces-
sary to perform hemiarthroplasty of proximal hu-
meral fractures within the first 14 days after injury
in order to achieve the best results.

In our study, the average value of the Constant’s
scoring scale was 65.3. Robinson et al. [18] in their
study included 138 patients who had undergone he-
miarthroplasty. They calculated that the average va-
lue of Constant’s scoring scale for the operated sho-
ulder was 64, which is worse than the result of our
research. Esen et al. [6] in their retrospective study
involving 42 patients who had undergone hemiar-
throplasty found that average value of external rota-
tion of the treated shoulder was 73.59° + 17,.95°, whi-
le the average value of flexion was 121.30 * +42.99".
In our study, the average flexion was 122.5° which
is consistent with the results obtained by Esen et al.
[19], while the average value of external rotation was
54.25° which is worse than in their research.

75% of participants said they were satisfied with
the results of the operation. The difference between
objective and subjective evaluations of the results
of shoulder hemiarthroplasty is explained by the
fact that the resulting range of motion after surgery
is sufficient for normal activities of daily living be-
cause the majority of the activities are carried out
at the level of scapula with the abduction of 80 to
90 ° and external rotation, while the smallest num-
ber of activities is performed at maximum abduction
and flexion (180 °) [20].

The ability to perform everyday activities com-
bined with the loss of pain makes the patient satis-
fied with the results of treatment.
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MORPHOMETRIC CHARACTERISTICSOF THE PATELLAR TENDON
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Summary

Introduction. The most common injuries of the knee joint are
injuries of the anterior cruciate ligament. The golden standard
in reconstruction of this ligament is graft bone — patellar tendon
— bone. Knowing the morphometric characteristics of these
ligaments is crucial for anterior cruciate ligament reconstruc-
tion. This study was aimed at determining morphometric cha-
racteristics of the patellar tendon in vivo, measured intraopera-
tively, and at defining the correlation between the obtained
values and body weight, height, gender and sport activity among
different groups of athletes. Material and M ethods. This study
included 184 patients suffering from anterior cruciate ligament
injuries who were admitted to the Clinical Center of Vojvodina,
Department of Orthopedics and Traumatology. Results. The
patellar tendon width ranged from 28 mm to 43 mm, averaging
at 32.02 mm. The length of the patellar tendon ranged from 35
mm to 62 mm, averaging at 46.34 mm. The thickness of the
patellar tendon ranged from 3 mm to 6 mm, averaging at 3.78
mm. The measured results were positively and statistically re-
levant with the body mass, height and body mass index. Discu-
ssion and Conclusion. The patellar tendon was thicker, longer
and wider in persons with higher values of body weight and
height. Men have statistically longer, thicker and wider patellar
tendon than women. There was no statistically significant dif-
ference between morphometric characteristics of the patellar
tendon among professional athletes and recreational athletes,
neither was there one in the obtained geometric data of the
patellar tendon among tested groups of professional athletes.
Keywords: Patella; Patellar Ligament; Bone-Patellar Tendon-
Bone Grafts; Morphological and Microscopic Findings; Athle-
tes; Body Mass Index; Sex Factors; Body Weight; Body Height

I ntroduction

Ruptures of anterior cruciate ligament (ACL) are
a significant epidemiological problem, especially be-
cause they usually occur to young people who are
sport and work active[1]. The use of patellar tendon
autografts for anterior cruciate ligament reconstruction
iswidespread and is considered to render good, repro-
ducible clinical results [2]. The patellar tendon is the
final connection of the extensor mechanism, connec-
ting the inferior pole of the patella and the tibial tu-
bercle. Technically, it is a ligament (connecting bone

SaZetak

Uvod. Povrede ligamenata kolenog zgloba su medu najzastupljeni-
jima u traumatologiji. Najcesce su povrede prednjeg ukrstenog li-
gamenta. Zlatni standard u rekonstrukciji ovog ligamenta predstav-
lja ¢ai¢na veza sa svojim kostanim pripojima. Poznavanje morfo-
metrijskih karakteristika ove veze neophodno je za adekvatno
planiranje i izvodenje rekonstrukcije prednjeg ukrstenog ligamen-
ta. Cilj istraZivanja bio je utvrditi morfometrijske karakteristike in
vivo ligamenta CaSice, merene intraoperativno i utvrdivanje kore-
lacije dobijenih vrednosti sa antropometrijskim merama, sportskom
aktivno$c¢u i medu pojedinim grupama sportista. Materijal i me-
tode. Ispitivanu grupu €inila su 184 pacijenta sa povredom prednjeg
ukrstenog ligamenta, koji su hospitalizovani na Klinici za ortoped-
sku hirurgiju i traumatologiju Klini¢kog centra Vojvodine. Rezul-
tati. Sirina ligamenta &agice bila je od 28 mm do 43 mm, dok je
prosek 32,02 mm; duzina ligamenta ¢asice od 35 mm do 62 mm,
prose¢no 46,34 mm. Debljina ligamenta ¢asSice bila je od 3 mm do
6 mm, prosecno 3,78 mm. DuzZina, $irina i debljina ligamenta ¢asi-
ce pozitivno su i statisticki znacajno povezane sa telesnom masom,
visnomi BMI. Diskusija i zaklju¢ak. Postoji statisticki znacajna
povezanost izmedu dimenzija ligamenta Casice i telesne tezine,
visine i pola. Sto osoba ima veéu telesnu masu i visinu, to joj je li-
gament ¢asice deblji, duzi i Siri. Muskarci imaju znacajno duzi,
deblji i 8iri ligament Casice od Zena. Ne postoji statisticki znacajna
razlika u morfometrijskim karakteristikama ligamenta casice kod
profesionalnih sportista i rekreativaca. Ne postoji statisticki znacaj-
na razlika u izmerenim vrednostima dimenzija ligamenta CaSice
kod ispitivanih grupa profesionalnih sportista.

Kljuéne reéi: patela; patelarna tetiva; BTB graftovi; morfolos-
ki i mikroskopski nalazi; sportisti; indeks telesne mase; polni
faktori; telesna tezina; telesna visina

to bone), but it has historically been referred to as a
tendon because the patella is a sesamoid bone. A bone-
patellar tendon-bone (BTB) graft is the strongest of all
biological substitutes; it achieves strong initial graft
fixation using interference screws, allows bone-bone
direct healing and offers rapid bony integration at the
fixation points of the reconstruction [3, 4]. The disad-
vantage is graft-tunnel mismatch [5-9], a smaller
cross-section area[10] and incompletely filling of the
tunnel compared to the graft of the hamstring tendon
[11-13]. The ACL has a “band-like” shape and does
not have the same dimensionsalong itslength[14]. The
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ACL — anterior cruciate ligament
BTB — bone-patellar tendon-bone
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reconstructed ACL size is determined by the harvested
graft size, not by the size of the native ACL insertion
ste[15-17]. It is important to know the geometric cha-
racteristics of the patellar tendon including the length,
width, thickness, and cross-section area in order to
determine the mechanica properties and achieve op-
timal ACL reconstruction.

The use of patellar tendon autografts for ACL re-
construction is widespread and the goal of this study
wasto determine morphometric characteristics of the
patellar tendon (PL) in vivo, measured intraoperative-
ly, and to define the correlation between the obtained
values and the body weight, height, gender and sport
activity among different groups of athletes.

Material and Methods

Having been given the permission by the Ethics
Committee of Clinical Center a prospective study
was conducted at the Department of Orthopedic
Surgery and Traumatology. It included 184 patients
with atorn ACL who agreed to participate in the
study. The patellar tendon width, length and thickness
were measured intraoperatively with a ruler.

Datawere collected from the medical record, re-
gistry of patients operated at the Department of Or-
thopedic Surgery and Traumatology and ACL injury
questionnaire. There were 154 men and 30 women
(between the ages of 15 and 46 years), the average
weight of the whole group was 80 kilograms (50-110
kilograms) and the average height was 181.26 cm
(155-204 cm). The average body mass index (BMI )
was 24.46 (from 17.72 to 32.77) (SD = 3.04). Half of
the participants, i.e. 98 patients (53.3%) suffered an
ACL injury while playing soccer and 25 of them
(13.6%) when playing handball. According to the le-
vel of sportsactivity, al participants were graded to
recreational athletes - 102 (55.4%), 77 (41.8%) were
professional athletes and 5 were non-athletes (2.7%).
The study excluded the patients already having a
BTB graft, those who had an injury of the extensor
mechanism of the knee (patellar fracture, rupture
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Graph. 2. The length of the patellar tendon in relation
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Grafikon 2. Duzina ligamenta casice u odnosu na pol
patellar tendon), a “jumper” knee and Osgood
Schlatter'sdiseasein childﬁood.

The Statistical Package for the Social Sciences
(SPSS) version 20.0 for Windows was used in the
analysis. The results are presented in tables expre-
ssed as mean values and standard deviations. In all
comparisons, p<0.05 was considered a statistically
significant difference.

Results

The mean patellar tendon width was 32.02 mm
(28-43 mm) (SD = 2.77 mm), while the average length
of patellar tendon was 46.34 mm (35-62 mm) (SD =
5.71 mm). The patellar tendon thickness ranged from
3 mm to 6 mm, averaging at 3.78 mm (SD = (.64 mm).

The patellar tendon width was significantly and
positively associated with the body weight (r = 0.36,
p <0.001) and the body height (r = 0.52, p <0.001),
the thickness of patellar tendon (r 0.24, p <0.01) and
the length of patellar tendon (r = 0.29 and p <0.001).
The width of the patellar tendon increased with its
length and the height and weight of the person.

The patdlar tendon thicknesswas sgnificantly and
positively associated with the body weight (r = 0.23, p
<0.01) and the body height (r = 0.33; p <0.001), as well
as with the width and length of the patellar tendon (r
0.24, p <0.01) (r=0.16, p <0.05), respectively. The thic-
kness of the patellar tendon increased with its length
and the height and weight of the person.

The patellar tendon length was associated with
the body weight (r = 0.23, p <0.01) and the body
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Graph. 4. Thewidth of the patellar tendon in relation to
the sports activity
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height (r = 0.31 and p <0.001), the width (r = 0.29
and p <0.001) and the thickness (r = 0.16, p <0.05)
of patellar tendon. All correlations were positive.
Thelength of the patellar tendon increased with its
thickness and the height and weight of the person.
The mean patellar tendon width in men and in
women was 32.42 mm (SD = 2.65 mm) and 30 mm
(SD =2.53 mm), respectively. Men had significantly
wider PL than women (test T 4.60; p <0.001). The
mean patellar tendon length in men and in women
was 46.96 mm (SD = 5.6 mm) and 43.13 mm (SD =
4.24 mm), respectively. Men had a statistically si-
gnificantly longer patellar tendon than women
(3.462 T test p <0.01). Men had a significantly thic-
ker tendon than women. The mean patellar tendon
thickness in men and in women was 3.85 mm (SD
=0.63 mm) and 3.43 mm (SD = 0.63 mm), respec-
tively (3.35 T test p <0.01) (Graphs 1, 2 and 3).
Although professional athletes had thicker (3.81
mm), wider (32.45 mm) and longer (46.49 mm) PL
than recreational athletes (whose average PL thickne-
ss, width and length are 3.75 mm, 31.71 mm, and 45.85
mm, respectively), the obtained results were not sta-
tistically significant. In correlation to the length and
width of the patellar tendon there was no statistically
significant difference between the different groups of
sportsmen. Handball players and football players had
sgnificantly different thickness of the patellar tendon.
Handball players were found to have thicker patellar
tendon. This difference was examined by T test for
independent samples. The value of a T-test was 2.146,
a significance level of p <0.05 (Graphs 4, 5 and 6).

Discussion

Anterior cruciate ligament injuries are injuries
that are commonly found in athlete population. In
Vojvodina, which has about two million people, abo-
ut 400 reconstructions of the ACL (2 reconstructions
per 10.000 residents) are performed per year. As for
the European countries, the most accurate data are
those from Denmark, where three injuries happen to
10,000 residents per a year, the frequency of occu-
rrence being higher among athletes [18]. These data
are very smilar to the data from the United States,
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where it is estimated that injuries occur in one out of
every 3,000 people in the general population [19]. The
reason for this epidemiological situation certainly
lies in the fact that the number of participants in
sports is constantly growing on the global level.
Sports activities are becoming an important part of
modern life and more and more people spend their
freetimein recreation and entertainment.

The group at the highest risk for ACL injury is
young, sports active population. The male population
prevailed in this study sample (83.7% men, 16.3%
women), as in many other studies dealing with the
same issue [1]. Women are at 2-10 times greater risk
of ACL rupture in comparison to men, depending on
thetype of sport[20]. The reasons for epldemlc appe-
arance of ACL injuries among women in the world
lie in the anatomic differences between genders, such
as the size of Q angle, increased valgus of knee joint,
narrow intercondylar notch, wider pelvis, impact of
estrogen hormone on ligaments during menstruation
cycle, general laxity of ligaments and different time
of contractions between anterior and posterior groups
of thigh muscles [1].

The average age of the patients included in this
study was 25 years (15—46). Nearly half (46%) of
the participants belonged to the age group between
21 and 30 years since the knee injury most com-
monly occurs in the third decade of life [21]. Body
height, weight and body mass index were evaluated
in several studies. Current views suggest that higher
levels of body mass index may pose a potential risk
factor for non-contact injuries. Kowalchuk et al. [22]
in their study found that patients with a BMI> 30
kg/m? had less successful results after ACL recon-
struction than patients with a BMI in the normal
range (BMI = 18.5- 24.9 kg/m?).

In our study, BMI values of the partlclpants were
between 17.72 m/kg? and 32.77 m/kg>. In the study
Hashemi et al. [23] BMI was between 19.2 m/kg?
and 44.4 m/kg?. All the subjects in our study were
from the territory of the Republic of Serbia and the
height of the participants ranged between 155 and
204 cm (the average being 181.26 cm), as opposed
to the study done by Hashemi et al. [23] which in-
cluded data received from the Chinese people and
they ranged from 152.4 to 182.8 (the average was
171.4 cm). These data correlate with the data from
the literature stating that Europeans are generally
higher than the Chinese people [24, 25].

The length of patellar tendon is observed as the
distance from the top of the patella continued to the
tibial tuberosity. Studies have shown the rate of BTB
graft tunnel mismatch to be between 10 and 26% [6,
26, 27]. This occurs when the relative length of the
bone-tendon-bone (BTB) construct exceeds the com-
bined length of the intra-articular ACL distance and
tibial tunnel length resulting in an intraoperative pro-
blem leading to extrusion or protrusion of the tibial
plug graft and insecure tibial tunnel fixation with
screw interference [28, 29]. According to Navali and,
ACL reconstruction may be more problematic whe-
re the femoral tunnel is placed low on the lateral wall
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of the femoral notch, reducing the intra-articular graft
length relative to non-anatomic vertical graft configu-
rations. To accommodate the graft-tunnel mismatch
and enable rigid fixation using interference screws,
several methods have been proposed including: rece-
ssion of the femoral bone plug [9], tibial tunnel bone
grafting [30, 31], flipping the tibial bone plug [32, 33],
graft twisting [5], changing the angle of drilling and
drilling a longer tibial tunnel [8, 10]. The average len-
gth of the patellar tendon in our study was 46.34 mm
(35-62 mm), and there was a significant correlation
between the patellar tendon length and the patient’s
gender. Denti et al. [7] measured the patellar tendon
length intraoperatively and reported the mean patellar
tendon length of 46 mm. In an intraoperative study
done by Navali and Jafarabadi [30] the patellar tendon
length was between 32-61 mm, which also showed a
wide range of values. Shaffer et al. [6], who also me-
asured the patellar length intraoperatively in 34 pati-
ents, and La Prade[34], who measured patellar tendon
length in 50 cadavers, described the mean patellar
tendon length of 48 mm (40-63). Although MC Alister
et al. [35] recommended lateral radiographs to deter-
mine the patellar tendon length, MRI is the most
frequently used method. The study Hashemi et al. [23]
presented the average PL length of 50.93 mm and the
studies that have measured the same value in the ca-
daver indicate lower values of the PL length [23, 36].
This can be explained by the assumption that liga-
ments are subject to dehydration in cadavers, thus
their length is reduced. Yoo et al. [37] measured pa-
tellar tendons using MRI in 172 knees and reported
the mean patellar tendon length of 40 mm (31-52). Luk
at al. [31] measured intraoperatively the length of the
patellar tendon in 120 Chinese patients and reported
that its mean value was 42 mm (30-54). In the study
of Goldstein et al. [32] the mean patellar tendon length
was 46 mm, and there was a correlation between the
patient’s height, gender and patellar tendon length. On
the other hand, Brown et al. [38] measured the PL
length in 414 knees and reported no correlation
between the patient’s height and patellar tendon length.
The MRI study of 32 patients done by Tuncyurek et
al. [39] showed that the average width of the patellar
tendon was 4.5 mm and that PL length was 53 mm.
Preoperative assessment of patdlar tendon dimens-
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ons, especialy of thelength and width of PL, issgni-
ficant. Chang et al. [40] made the following mathema-
tical equation to estimate the width based on the
patient’Sheight: tendon width at middle portion (mm)
= (0.202 x patient’S height (cm) — 5.07. Lairungruang
at al. [41] compared the ultimate load bearing capabi-
lities of the normal patellar tendon (4365.59 N) to the
patellar tendon after its central third was removed
(2226.58 N) and concluded that taking out the central
third of the patellar tendon reduced both its cross-
section area and ultimate load to one half.

The width and thickness of the harvested graft
affect the cross-section area of the graft [42]. If a
wider graft is harvested it can lead to a weakening
of the remaining part of the tendon and its subsequ-
ent rupture [42, 43].

If a BTB graft has thickness of 3 mm, the width
of 10 mm and the cross-section area (CSA) of 30
mm?, it istill significantly less than the cross-sec-
tion area of the native ACL and/or 8 mm diameter
hamstring tendon graft (with 50 mm? of cross-sec-
tion area) [43]. For the average thickness of the pa-
tellar tendon graft (3—5 mm) [29, 44] and 10 mm
width, the CSA will be 30—50 mm?.

The width of the patellar tendon is measured in
the middle of the distance from the attachment on
the patella to the tibia protuberance. A patellar tendon
is wider proximally than distally because the fascic-
les tend to converge toward the midline [45, 46]. Yoo
et al. [38] measured the width of proximal and distal
part, and they found it to be 30 mm and 24 mm,
respectively. The mean width of patellar tendon in
the middle part in our patient was 33 mm (28—43).

The central third o?the patellar tendon is signi-
ficantly thicker than the medial and lateral thirds
[44], and may be affected by long-term sports acti-
vity [47]. On the MRI [38, 48], cadaveric [44, 45]
and in our study the average thickness of the pa-
tellar tendon was found to be between 3—5 mm.

The obtained value of the width of the patellar ten-
don was 32.04 mm on average (ranging from 28 to 43
mm), whereas in the study Lairungruang W. [42] the
average width was significantly lower, 26.75 mm, as
well as the results of the study Yoo et al. (30.3 mm)
[38]. Andrikoula et al. [37] reported the average value
of the width of the patellar tendon to be 31.9 mm whi-
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ch corresponds to our data. The patellar tendon width
below 27 mm is a contraindication for the use of BTB
autograft for ACL reconstruction. None of our parti-
cipants had the patellar tendon under 28 mm in width.

According to the presented results, the patellar ten-
don length, width and thickness were significantly
correlated with the dimensions of the body observed
in our study (body weight, height and BMI). The corre-
lation was the highest with the body height. There was
also a statistically significant difference between the
gendersin favor of men for al parameters. These data
are in contrast with the results of Wang [49] and Brown
et al. [39] stating that the length of the ligament is not
related to body weight, height and gender.

Inrelation to theleve of the sports activities of the
participants, slightly more than a half of them (56.4%)
were recreational athletes, 41.8% were professional
athletes, while 2.7% of participants identified themsel-
ves as non-athletes. The differences in the observed
parameters of the patel lar tendon and leve of sporting
activity have been obtained, but they were not statisti-
caly sgnificant.

Depending on thetype of sport that the participants
went in for, there was the difference between the len-
gth, width and thickness of the patellar tendon, but this
difference was not shown to be statistically significant
except for the thickness of patellar tendon in football
and handball, in favor of the football players (T test =
2.15, p <0.05). Those results can be explained by the
fact that this examination included a low number of
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basketball players, only 19 of them, in relation to the
98 football players who participated in this study. Be-
sides, the height of our participants was slightly below
the average for the sport. Therefore, research on alar-
ger sample might show astatigtically sgnificant diffe-
rencein the dimensions of patelar tendon in different
groups of athletes.

There are clearly some limitations to this study. The
main limitation was the disproportionate percentage
of men relative to women (83.7% man, 16.3% women).
It should also be mentioned that women are less active
in sport activities and consequently the number of the-
ir injuries of the ligaments relatively low. The second
limitation is that the measuring with a ruler is subjec-
tivity of the one who measures.

Conclusion

Knowing the morphometric characteristics of pa-
tellar tendon is crucial for anterior cruciate ligament
reconstruction. The patellar tendon was thicker, longer
and wider among persons with higher values of body
weight and height. Men have the statistically longer,
thicker and wider patellar tendon than women. There
was no statistically significant difference between mor-
phometric characterigtics of the patellar tendon among
professona athletes and recreationd athletes, neither
was there any between the obtained geometric data of
the patellar tendon among tested groups of professional
athletes (football, basketball, handball, rugby, skiing).
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Summary

Introduction. Anterior cruciate ligament rupture is one of the
most common injuries in team sports and its fixation at the ti-
bial site is the weakest link in the femur-hamstring-tibia struc-
ture in anterior cruciate ligament reconstruction. The aim of
this research was to compare the results of knee stability, knee
motion and activity after anterior cruciate ligament reconstruc-
tion with single bundle hamstring tendon graft versus bone
hamstring tendon bone graft placed with different techniques.
Material and Methods. Ninety patients who underwent ante-
rior cruciate ligament reconstruction were randomly divided
into three groups; group I patients were treated with standard
single bundle hamstring tendon graft and standard operative
technique, group II patients had modified single bundle ham-
string tendon graft with bone attachments on both ends which
was fixed with standard method, while group III patients were
operated with hybrid fixation technique at the tibial site and
modified graft was used as neoligament. Results. All surgically
treated patients had a statistically significant improvement post-
operatively in comparison with their condition before the treatment
according to the Lachman scale and International Knee Documen-
tation Committee standard. However, the patients of group 111 have
achieved statistically significant better postoperative results on Te-
gner scale and Lysholm score when compared to group I and II
patients. It took the third group athletes a significantly shorter time
to participate in the first competition after surgery than the athletes
from the other two groups. Conclusion. Hybrid operative technique
increased strength and stability of the graft at the tibial site which
accelerated healing process and reduced knee laxity.

Key words: Anterior Cruciate Ligament Reconstruction; Tibia;
Tendons; Range of Motion, Articular; Joint Instability; Trea-
tment Outcome; Lysholm Knee Score

I ntroduction

Anterior cruciate ligament (ACL) injury has a low
rate of prevalence among general population, but it
is a common athletic injury and one of the most co-
mmonly treated conditions of the knee [1]. The aim

Sazetak

Uvod. Ruptura prednjeg ukrstenog ligamenta jedna je od najéescih
povreda u ekipnim sportovima, a fiksacija u golenjaci je najslabija
karika u strukturi butna kost-hamstring—kolenjaca kod rekonstruk-
cije prednjeg ukrstenog ligamenta. Cilj ovog istrazivanja bio je da se
uporede rezultati stabilnosti kolena, pokretljivosti i aktivnosti kolena
nakon rekonstrukcije prednjeg ukrstenog ligamenta kalemom od
tetiva hamstringa (jednostruki snop) u odnosu na kalem kost—tetiva
hamstringa—kost, fiksirani razli¢itim tehnikama. M aterijal i meto-
de. Devedeset pacijenata kojima je uradena rekonstrukeija prednjeg
ukrstenog ligamenta, metodom slu¢ajnog izbora, rasporedeni su u
tri grupe: u prvoj grupi bili su pacijenti kod kojih je primenjen stan-
dardni kalem od tetiva hamstringa—jednostruki snop i standardna
operativna tehnika; u drugoj grupi bili su pacijenti sa modifikovanim
kalemom od tetiva hamstringa sa koStanim ojacanjem na oba kraja,
fiksran standardnom operativhom metodom, dok je kod pacijenata
iz tre¢e grupe primenjena hibridna tehnika fiksacije na strani gole-
njace i modifikovani kalem je koris¢en kao neoligament. Rezultati.
Svi hirurski tretirani pacijenti su imali statisticki znac¢ajno postope-
rativno pobolj$anje u odnosu na njihovo stanje pre operacije prema
Lahmanovoj skali i standardu International Knee Documentation
Committee. Medutim, kod pacijenata iz trece grupe postignuti su
statisticki znacajno bolji postoperativni rezultati prema Tegnerovoj
skali i LiSolmovom skoru u poredenju sa rezultatima postignutim
kod pacijenata iz prve i druge grupe. Vreme koje je sportistima iz
tre¢e grupe bilo potrebno da bi ucestvovali na prvom takmicenju
posle operacije statisti¢ki znacajno je bilo krace od vremena koje je
bilo potrebno sportistima iz preostale dve grupe pre nego su mogli
da se takmice posle operacije. Zaklju¢ak. Hibridna operativna teh-
nika je povecala ¢vrstinu i stabilnost kalema na strani golenjace §to
je ubrzalo proces zarastanja i smanjilo labavost kolena.

Kljuéne reci: rekonstrukcija prednjeg ukrstenog ligamenta; tibija;
tetive; opseg pokreta zgloba; nestabilnost zgloba; ishod lecenja;
Lisholmov skor

of ACL reconstruction is to reproduce the mechani-
cal and biological properties of the original ligament.
It should restore the knee stability, maintain the ran-
ge of movement and thereby minimize injury to both
the chondral surfaces and the menisci [2]. Autografts
are usually used for reconstruction of ACL since they
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ACL — anterior cruciate ligament
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BMI — body mass index

IKDC - International Knee Documentation Committee
RCI —round cannulated interference screw
sD — standard deviation

WHO  —World Health Organization

guarantee a low risk of adverse inflammatory reac-
tion and virtually no risk of disease transmission [3].
Bone-patellar tendon-bone and hamstring tendon
graft are used as neoligaments; hamstring grafts,
when compared with bone—patellar tendon—bone au-
tografts, offer potential advantages including decreased
extensor mechanism morbidity and favorable biomec-
hanical properties [4].

However, ACL reconstruction with hamstring
tendon graft has clinically significant laxity in 10—
30% of knees [5, 6]. Namely, slow healing of the soft
tendon tissue in the bone tunnel, followed by graft
motion within the tunnel and finally tunnel enlarge-
ment which leadsto kneelaxity are clinically impor-
tant problems after ACL reconstruction with ham-
string tendon graft [7].

Graft fixation is another important factor in cruci-
ate ligament reconstruction. The tibial fixation is the
weakest point of a femur-graft-tibia construct after
hamstring graft ACL reconstruction [8-10]. ACL re-
construction demands optimal fixation properties sin-
ce accelerated rehabilitation after surgery is required.
The requests for optimal graft fixation include stabili-
ty and strength to withstand early post-operative forces
until graft-to-tunnel healing has occurred, anatomical
insertion a the dte of the ligament, facilitated graft-
tunnel healing and production of normal histological
transition zone between the host bone and the neoliga-
ment [4, 11, 12]. ACL reconstruction cannot restore the
exact mechanical properties of the injured ligament as
they used to be before the injury, but current neoliga-
ments as well as fixation techniques can be improved.
Our previous study dealt with hybrid hamstring graft
tibial fixation technique after being performed in abo-
ut 200 patients without intra or postoperative compli-
cations [13]. The aim of this paper is to compare the
objective results of knee stability as well as subjective
grades of knee motion and activity after ACL recon-
struction with single bundle hamstring tendon graft
versus bone hamstring tendon bone graft placed with
standard technique or hybrid fixation technique.

Material and Methods

Patients

The study was a randomized retrospective-prospec-
tive one. Theresearch was performed at the Department
of Orthopedic Surgery and Traumatology of the Clinical
Center of Vojvodina with the approva of the Ethical
Committee of Clinical Center of Vojvodina.

The study inclusion criteria were the ages of 18 to
45 years and ACL rupture diagnosis. Therefore, the

patients under the age of 18 and over the age of 45
years, those with injuries of other ligaments or with
comorbidites which may complicate the surgical pro-
cedure were not included in the study.

The exclusion criteria were surgical complications
and patients who were operated 60 months after ACL
had been injured.

Out of 92 patients included in the study, 90 patients
finished it. Two patients were excluded from the study
since they underwent ACL reconstruction 60 mont-
hs after the ACL rupture.

Grafts

Two types of grafts were prepared for ACL re-
construction:

— Single bundle hamstring tendon graft prepared
from m. semitendinosus and m. gracilis tendons.
The tendons with its periosteal attachments were
harvested through a small incision. Single bundle
technique was used and grafts whose diameter was
8 or 9 mm.

—Single bundle hamstring tendon graft prepared
from m.semitendinosus and m.gracilis tendons stren-
gthened with fresh bone autotransplant (compressed
spongious bone) on the graft end. Two 2-cm long bone
cylinders of 8§ mm in diameter were harvested and tied
on both ends of the tendon with sutures. The bone ends
were pressed, so the diameter of the prepared grafts

was 8 or 9 mm.

Operative technique

The tendon grafts were fixed with standard ope-
rative procedure or with hybrid graft tibial fixation.

— The standard graft tibial fixation was fixed
with interference screws in the previously prepared
femoral and tibial tunnel.

— The hybrid graft tibial fixation was prepared at
the Department of Orthopedic Surgery and Traumato-
logy of the Clinical Center of Vojvodina, Faculty of
Medicine, Novi Sad. The grafts were placed in the
previously prepared femoral and tibial tunnels. The
grafts were fixed with round cannulated interference
screws, RCI (Grujic&I pjyuh, Novi Sad, Serbia). When
the graft was fixed in the femoral tunnel, the knee was
in full flexion, at 110-120° and when it was fixed in
the tibial tunnel, the knee was under the angle of 15-
20°. The graft was tensioned using 80 N (Karl Storz,
Tutlingen, Germany). After being fixed with round
cannulated interference screws, additional fixation was
performed. Bi-cortical 4.5-mm-diameter custom-made
screws with modified head were placed below the ti-
bial tunnel opening. First, the screw was tightened
completey and afterwards it was loosened for haf a
circle. Three additiona knots were tied in to provide
improved graft fixation and knee stability. Finally, the
screw was retightened for a quarter of a circle. For more
details see reference [13].

Rehabilitation
After surgery the operated knee was fixed with
the elastic immobilizer for fourteen days. Shelbour-
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Table 1. Age and BMI (average + standard deviation, SD) of patients with ACL reconstruction among groups
treated with different surgical techniques and with different grafts

Tabela 1. Starost i BMI (prosek + standardna devijacija, SD) pacijenata sa rekonstrukcijom ACL izmedu grupa
tretiranih razlic¢itim operativnim tehnikama i sa razlicitim kalemima

Group 1/Grupa 1 Group I1/Grupa 11 Group 1/Grupa 111
Ageyears/Uzrast, god 24.05+7.31 27.77+6.12 29.22+8.51
BMI/BMI 24.08+2.47 25.05+3.43 23.4942.90

BMI - indeks telesne mase

ne rehabilitation protocol was applied modified [14].
From day one after surgery the patients were subjec-
ted to continuous passive mobilization of the opera-
ted knee with Kinetic Performa. Two weeks after the
ACL reconstruction they were able to reach 90° flexi-
on and partial weight bearing (as tolerated), while the
complete weight bearing was allowed six weeks later.
The rehabilitation program consisted of series of
exercises designed to restore the muscle strength.

Groups

The patients were randomly divided into three
groups:

Group | — Single bundle hamstring tendon graft
prepared from m. semitendinosus and m. gracilis
tendons, fixed with standard operative procedure
(30 patients);

Group |l — Single bundle hamstring tendon
graft prepared from m.semitendinosus and m. gra-
cilis tendons with bone autotranspalant on the graft
end (bone-hamstring-bone, BHB), fixed with stan-
dard operative procedure (30 patients);

Group |1l — Single bundle hamstring tendon
graft prepared from m. semitendinosus and m. gra-
cilis tendons with bone autotransplant on the graft
end (BHB) fixed with hybrid tibial fixation proce-
dure (30 patients).

Evaluation and Rating Scales

The following tests were used for objective de-
termination of the knee function before and after
ACL reconstruction:

— Lachman test — a reliable and sensitive test to
diagnose ACL injury and knee laxity as mild: 0 to
5 mm, moderate: 6 to 10 mm laxity and severe: 11
to 15 mm. Following ACL reconstruction, laxity
should be less than 3 mm compared to healthy knee
results [15].

— Tegner activity grading scale (from 0 to 10) - a
system for evaluating the degree of impairment, di-
sability, and handicap of the patient with an ACL
injury including functional score, activity grading,
stability testing, and measurements of performance
and strength, where 0 indicates retirement, while 10
allows professional sport activities [16].

— Lysholm scoring scale (to max 100) for knee
ligament surgery follow-up emphasizes evaluation
of symptoms of instability [17, 18]. The score is con-
sidered to be poor if it is below 66, fair if ranging
from 66 to 81, good for values between 82 and 92
and excellent if it is above 93.

— International Knee Documentation Committee
(IKDC) objective grade. A grade (A for normal, B
for nearly normal, C for abnormal, and D for seve-
rely abnormal) was given on the basis of the findin-
gs of the individual physical examination pertinent
to knee instability [19].

Statistical Analysis

The differences between the groups were com-
pared with unpaired t-test. A P value below 0.05
was considered statistically significant.

Results

Demographic

Ninety-two patients were enrolled in the study and
two patients were excluded since the interval between
the ACL injury and ACL reconstruction was over 60
months. Out of 90 patients who finished the study, 71%
were men and 29% were women. The patients were
between the ages of 18 and 45 years, the average age
being 27.16+7.46 years. Table 1 givesthe average age
and the average body mass index (BMI) of the patients
who underwent ACL reconstruction.

There was a statistically significant difference
in age among the patients treated with standard ope-
rative technique and standard graft (group 1) and
those with hamstring graft tendon and standard
operative technique (group II), as well as between
group I patients and those with bone-hamstring ten-
don-bone graft and hybrid operative method (group
III patients) presented as t=1.9695 and p=0.0545 and
t=2.1544 and p=0.0372, respectively. No statistically
significant difference was recorded between the
ages of the patients who underwent ACL recon-
struction with hamstring graft tendon, regardless
of the operative technique 1.e. between group II and
group III patients (t=0.7216, p=0.4738).

Most of the patients had normal BMI. None of
the women was obese and only 11% of men were
obese according to the WHO classification. The
patients’ weight was in range from 47 to 105 kg,
while the height ranged from 157 to 200 cm. Body
mass index of the patients did not differ signifi-
cantly among the groups.

Out of 79 treated patients who went in for sports,
65% played it professionally and 35% for recreation.
The cause for ACL rupture was landing in 35%,
direction change in 30% and direct hit with other
player in 25% of the cases. Hyperextension and de-
celeration were responsible for ACL rupture in only
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Table 2. The results of the Lachman test before and after surgery
Tabela 2. Rezultati Lahmanovog testa pre i posle operacije

Healthy knee laxity [mm]/
Labavost zdravog kolena [mm]

Injured knee laxity/Labavost po-
vredenog kolena [mm]

Interval Average + SD/ Interval/ Average + SD/

Interval Sred. vred. + SD Interval Sred. vred. + SD
Group I Before surgery/Pre operacije 1.0-4.5 21+1.1 11.4-23.5 14.6+3.6
Grupal  After surgery/Posle operacije 1.0-4.5 19+11 2.0-7.0 42+1.2
Group I _Before surgery/Pre operacije 1.0-8.0 32+1.5 12.1-29.7 19.0+3.5
Grupa Il After surgery/Posle operacije  1.0-8.3 33+14 1.0-6.0 3.8+1.2
Group III Before surgery/Pre operacije 1.0-5.0 29+1.5 11.2-22.5 169 £ 3.1
Grupa Il After surgery/Posle operacije  1.0-6.0 2.8+1.0 1.0-10.5 3.0+22

10% of the examined cases. Out of the study sam-
ple, 49% of the operated patients got injured while
playing football, 23% handball, 15% basketball, 6%
volleyball and 7% all other sports.

The patients underwent surgical treatment up to 60
months after the ACL injury. Surgery was performed
in 81% of the patients within 12 months after the injury
and in 52% within 4 months after the rupture was
diagnosed. The first and the second injury was treated
surgically in 38% and 27% of the patients, respective-
ly and the remaining patients underwent operation
after three or more injuries of the ligament.

Lachman test results

Therewasno sgnificant differencein Lachmantest
before and after surgery for the healthy knee in any
study group, nor was there a difference between the
healthy knee and injured knee results after ACL recon-
struction. However, in each operated group there were
statistically significant differences between the pre and
postoperative results of the injured knee as following:
t=12.37, p<0.001 for group I, t=22.45, p<0.001 for
group Il and t=16.65 p<0.001 for group III, neither were
differences of gatistical sgnificance recorded among
the groups after surgery for the operated knee when
Lachman test results were compared although different
grafts were placed and different operative techniques
were applied. The statistical results are presented below:

— Differences between group I and II t=-1.0881,
p=0.2819

— Differences between group II and III t=-0.3148,
p=0.7541

— Differences between group I and 111 t=-0.9338,
p=0.355

The details of the Lachman test are presented in
Table 2.

Tegner activity scale results

According to Tegner activity scaletherewasasta
tistically significant difference (t=23.90, p<<0.001) be-
fore (1.94 £ 0.89) and after the surgery (7.70£1.69) in
the patients of the observed sample. Most of the athle-
tes (89%) returned to trainings and competition and
moreover, 22% of players achieved level 10 of the Te-
gner activity scale while 20% and 18% of them achie-
ved level 9 and 8, respectively. Table 3 presents Tegner
activity scale results of patients in different groups de-
pending on the graft and fixation method type.

There were no datigtically sgnificant differences
in the postoperative results between the group I and
group 11 patients (t=0.6196, p=0.3582) according to the
Tegner scale. However, the patients from group III
who had been operated with hybrid fixation tech-
nique and bone-hamstring tendon-bone graft achi-
eved better results on the Tegner activity scale when
compared to the group I patients who had had stan-
dard tendon graft fixed with standard technique
(t=3.6753, p<0.001) and in comparison with the gro-
up II patients who had had the same bone-hamstring
tendon-bone graft placed but with standard opera-
tive procedure (t=3.609, p<0.001).

The Lysholm grading scale results
The Lysholm scale results suggested a statistically
significant postoperative improvement of knee stability

Table 3. The results of Tegner activity scale of patients in differently treated groups
Tabela 3. Rezultati Tegnerove skale aktivnosti pacijenata razlicitih operativnih grupa

Interval/Interval Average + SD/Sred. vrr = SD
e — e
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Table 4. The results of the Lyshom scale before and after surgery in different groups
Tabela 4. Rezultati pacijenata razlicitih grupa dobijenih na osnovu Lisolmove skale pre i posle operacije

Interval/Interval Average + SD/Sred. vr = SD
e — Lao
Group I Grupa 1l — e Pole aperaci AT o2 437
Group 1 Grupa 11— e peraci Gi-t00 ST91e5d

Table5. Grades according to IKDC scale before and after ACL reconstruction
Tabela 5. Ocene prema IKDC skali pre i posle rekonstrukcije prednje ukrstene veze

Grade A/Ocena A Grade B/Ocena B Grade C/Ocena C Grade D/Ocena D

n % n % n % n %
Group I/Grupa I Before surgery 14 46.6 16 53.4
After surgery Pre operacije i i
Posle operacije 21 70.0 7 23.4 2 6.6
Group 1l/Grupa IT Before surgery 22 733 8 26.7
After surgery Pre operacije ' i
Posle operacije 22 73.3 5 16.6 3 10
Group I1I/Grupa 11~ Before surgery 24 30 6 20
After surgery Pre operacije
Posle operacije 26 86.6 3 10 1 3.3

when compared with preoperative results (t=21.86, Discussion

p<0.001). According to the Lysholm scale, the results
were excellent in 39.50%, good in 20.25%, fair in
12.15% and poor 8.10% of the patients after ACL re-
construction. Table 4 shows the Lysholm scale results
achieved by patients who had undergone different sur-
geries.

No statistical significance was recorded in the
postoperative results of the Lysholm scale between
the group I and group II patients, nor between the
group II and group III patients, t=-0.2447, p=0.8077
and t=1.1595, p=0.2517 respectively. Introducing
different operative techniques and different graft
type simultaneously resulted in a statistically signi-
ficant increment in the knee stability in the group
I11 patients according to the Lysholm scalein com-
parison with the postoperative knee stability in the
group [ patients, t=2.0259, p=0.492.

IKDC scale grades
Table 5 summarizes the IKDC scale grades before
and after ACL reconstruction in each observed group.

Recovery time of athletes after ACL

reconstruction

There was no statistically significant differencein
time it took athletes to resume training after ACL re-
construction between groups; however, it took 79 ope-
rated athletes from the group III patients significantly
shorter timeto participatein thefirst game when com-
pared with the group II (t=-2.3692, p=0.0225) and gro-
up I patients (t=2.9798, p=0.044).

ACL injuries are common in team sports. Fo-
otball (soccer) is the most popular sport worldwide
with more than 270 million active players (www.
fifa.com) and based on data from a sampling of co-
llege men’s football teams, there were an estimated
69 ACL injuries nationwide in a single season [20]
or incidence rates of ACL injury ranged from 0.15%
to 3.67% in soccer players of various age and com-
petition levels per year [21]. These findings corres-
pond with 49% injuries in football players compared
to all other athletes in our sample.

Graft fixation, function, and integration ultima-
tely determine the outcome of ACL reconstruction
[22, 23]. The knee stability improved after ACL re-
construction in the 90 observed patients regardless
of the graft type and surgical technique performed.
The comparison of the pre and postoperative results
of the Lachman test confirmed the postoperativeim-
provement of kneelaxity. There were no differences
in the knee laxity after surgery between groups.
When the operated knee has been compared with the
healthy knee the results are considered excellent if
the arthrometric measurement of knee laxity is
between 0 and 3 mm and good if it is up to 5 mm
[24]. The obtained results in this study can be consi-
dered good/excellent. Freedman and al. [25] have
analyzed 34 studies of ACL reconstruction, 21 with
patellar tendon graft and 13 with hamstring tendon
graft in over 1,300 patients. The literature data are
in accordance with our study since 73.8% of the obta-
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ined results after hamstring tendon graft placement
according to the Lachman test were excellent (<3
mm) and 19.4% were classified as good (3-5 mm),
while 79% were excellent and 15.4% were good when
patellar tendon graft was used for reconstruction. In
the review study of Lewis and al. [26], in which 1024
single-bundle anterior cruciate ligament reconstruc-
tions were analyzed from 11 studies, it was found
that the results were good/excellent (<5 mm) accor-
ding to Lachman test in 86%. Hence, when the La-
chman test results after ACL reconstruction in this
study are adequately interpreted, they are compara-
ble to literature data.

Furthermore, the results of the Tegner activity
scale and Lysholm scoring scale define more preci-
sely the postoperative quality of life of the patients
with ACL reconstruction. Both Tegner scale and
Lyshalm scale confirm a significant improvement
of the possibility for everyday and professional
sport activity in our patients after surgery as expec-
ted [27-29]. The average values for Tegner scale
were improved from 1.94 after the injury to 7.70
after ACL reconstruction. Moreover, the Lysholm
scale confirmed these findings, so the preoperative
values ranged from 27 to 89, the average value being
54.03, and they were improved to as much as 72 to
100, the average postoperative value being 96.9.
However, more careful observation of the results of
both Tegner and Lysholm scale suggest that posto-
perative activity of the patients is affected by the
operative method and the graft type applied. The
statistically significant difference in the postopera-
tive Tegner activity scale results of the group III
compared with the postoperative results of the gro-
up II and group I indicates the more pronounced
knee stability in the group III patients and grater
possibility for unimpeded and painless physical ac-
tivity after surgery. The postoperative results obta-
ined with the Lysholm grading scale confirm the
statistically significant differences in knee stability
and its influence on the patients’ quality of life after
surgery between the group I and group III patients.
However, no statistically significant differences
were recorded in the postoperative results of the
Lysholm scale between the group I and group III
patients. The postoperative results of the Tagner
activity scale and of the Lysholm grading scale pre-
sented in this paper for the group I and II patients
correspond to the results reported in the literature,
no matter whether hamstring tendon graft with sin-
gle bundle or double bundle technique was perfor-
med [30], quadrupled hamstring graft was pla-
ced [31] or quadruple-stranded semitendinosus
tendon was used [32] for ACL reconstruction or
whether interference screw or a press-it fixation

was applied [33]. When Tegner and Lysholm scales
were applied, the results obtained after operative
treatment in the group I patients (hamstring graft
tendon with bone attachment fixed with hybrid sur-
gical technique) are even more favorable compared
to the literature data [30-33].

Most of the players (89%) who were followed up
after surgery have returned to their professional
sport activities. There was a difference intime, al-
though not statistically significant, it took the athle-
tes from group I and group III to resume training
and it depended on the operative technique and
graft type (it took the group III athletes the least
time from surgery to their first training). It took the
operated athletes from group III statistically signi-
ficantly lesstime to enter the first sport competiti-
on when compared with the group II and group I
patients, which further corroborates these state-
ments. Normally, there are no sites in the human
body where tendon enters the bone tunnel, while in
the fixation process the tendinous portion of the
hamstring graft usually extends into the upper part
of the tibial tunnel [34]. The bone attached to both
sides of the tendon graft (in group II) reduces the
healing time when compared to group I in which
standard single bundle hamstring graft was placed,
while hybrid fixation which was performed in gro-
up III reduced slippage of the soft tissue and addi-
tionally decreased the time required for recovery.

The IKDC scale reported in this paper showed
grade A/B (normal/nearly normal) after the surge-
ry in 93.4% patients from group I, 89.9% from gro-
up II and 96.6% from group III compared to 0%
before the ACL reconstruction. Normal/nearly nor-
mal (A/B) grade usually ranges between 78 and
92% after surgical treatment of ACL rupture [30,
35-38], hence the obtained results in this study can
be considered quite satisfactory.

Conclusion

The surgical treatment of anterior cruciate liga-
ment rupture improves subjective experience of
knee motility and objective stability of the treated
knee. Placing bone-hamstring tendon-bone graft
allows a biological approach since no artificial fixa-
tion devices, 1.e. implants, are utilized and it dimi-
nishes the risk of postoperative bone tunnel enlar-
gement because tibial tunnel diameter is filled with
the tibial bone cylinder and hence reduced. Finally,
additional fixation guarantees the knee stability,
increases the graft fixation strength and secures the
improvement of life quality which includes not only
everyday activity but professional sport trainings
and competition.
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Summary

Introduction. Anterior cruciate ligament reconstruction is one of
the most performed procedures in orthopedic surgery. Due to the
increasing number of population and their better access to health
care, as well as the ever faster pace of modern living, this procedu-
re is likely to become the most performed surgical procedure in
orthopedics generally. One of the most common complications af-
ter this procedure is septic arthritis of the knee. The concept of
intraoperative contamination of the graft during the procedure as
one of the possible causes of the development of postoperative in-
fection was mentioned as late as at the end of last and the beginning
of this century and it has become the subject of much controversy
among orthopedic surgeons. Material and Methods. This study
was conducted at the Department of Orthopedic Surgery and Tra-
umatology, Clinical Center of Vojvodina in Novi Sad and included
200 patients who had undergone primary anterior cruciate ligament
reconstruction. Graft swabs were taken during the reconstruction
intraoperatively, immediately before its implantation. The follow-up
period was 24 months. Results Of the 200 samples taken intrao-
peratively, 33 swabs were positive. The most common cause of
intraoperative contamination was coagulase-negative Staphyloco-
ccus (in 72.7%). Average duration of surgery was 55.15 minutes,
being 66.82 minutes in the group of patients with isolated positive
swabs and 52.84 minutes in the group with negative swabs. Con-
clusion. The results of the study clearly show that prolonged dura-
tion of surgery significantly influences the incidence of graft inta-
operativne contamination.

Key words: Anterior Cruciate Ligament Reconstruction; Reo-
peration; Intraoperative Complications; Equipment Contami-
nation; Orthopedic Procedures; Arthritis, Infectious; Risk
Factors.

I ntroduction

The reconstruction of anterior cruciate ligament
(ACL) is a very popular surgery in the world. This
procedure is performed more than 200,000 times per
year in the United States of America only, while in
Vojvodina we perform around 300 reconstructions
annually [1].

Sazetak

Uvod. Rekonstrukceija prednjeg ukrs$tenog ligamenta kolena
predstavlja jednu od najizvodenijih procedura u ortopedskoj
hirurgiji. Porastom broja populacije i dostupnosti zdravstvene
zastite, kao i ubrzanim na¢inom savremenog zivota, smatra se
da ¢e sredinom ovog veka ova procedura biti najizvodenija ope-
rativna procedura u ortopediji. Jedna od naj¢escih i ujedno
najnepozeljnih komplikacija nakon ove procedure je septi¢ni
artritis kolena. Pojam intraoperativne kontaminacije kalema
tokom ove procedure, kao jedan od mogucih uzro¢nika razvit-
ka postoperativne infekcije, pominje se tek krajem proslog i
pocetkom ovog veka i predmet je mnogih kontroverzi medu
ortopedskim hirurzima. Materijal i metode. Ova studija je
sprovedena na Klinici za ortopedsku hirurgiju i traumatologiju
KCV u Novom Sadu i obuhvatala je 200 ispitanika koji su po-
drvgnuti primarnoj rekonstrukciji prednjeg ukrstenog ligamen-
takolena, akojimaje intraoperativno, neposredno pre implan-
tacije, uziman bris kalema. Period pracenja iznosio je 24 me-
seca. Rezultati. Od 200 intraoperativno uzetih briseva, 33
brisa su bili pozitivni. Najé¢e$¢i uzro¢nik intraoperativne kon-
taminacije je koagulaza-negativni Staphylococcus (72,7%).
Prosecno vreme trajanja operativne procedure je iznosilo 55,15
minuta. U grupi pacijenata kod kojih je izolovan pozitivan bris,
prosecno vreme trajanja operacije iznosilo je 66,82 minuta, a
kod grupe sa negativnim brisom 52,84 minuta. Zakljuéak. Re-
zultati studije nedvosmisleno pokazuju da produzeno trajanje
operacije bitno utice na incidenciju intaoperativne kontamina-
cije kalema.

Kljuéne reéi: rekonstrukcija prednjeg ukrstenog ligamenta;
revizija; intraoperativne komplikacije; kontaminacija opreme;
ortopedske procedure; septicni artritis; faktori rizika

Today it is known that this procedure is safe with
a high success rate (70-95%) [2]. Theincrease in the
number of anterior cruciate ligament reconstruction
causes the proportional increases in the number of
revision surgery caused by complications which are
incurred during and after primary ACL reconstructi-
on. The necessity for ACL revision arises from ina-
dequate preoperative preparation of patients, surgical
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Table 1. Graft contamination incidence in relation to the type of ACL reconstruction
Tabela 1. Incidencija kontaminacije kalema u zavisnosti od tipa rekonstrukcije

Graft culture/Bris kalema

Negative/Negativan PositivelPozitivan Total/Ukupno

N % N % N %
BTB/kost-tetiva-kost 142 85,0% 27 81,8% 169 84,5%
%La{(taltgﬁ% Hamstringlgrupa misica 25 15,0% 6 18,2% 31 15,5%
Total/Ukupno 167 100,0% 33 100,0% 200 100,0%

technique mistakes which include graft incorporation
mistakes and infections, and postoperative complica-
tion [3, 4].

Intraoperative graft contamination during the
reconstruction of the anterior cruciate ligament is a
phenomenon which every surgeon can encounter
during the surgical procedure. This phenomenon is
not so common, but it is a potential threat to the
outcome of surgical treatment which makes surge-
ons doubtful regarding its further treatment [5—7].
The sharp increasein interest in the appearance of
intraoperative graft contamination occurred at the
turn of this century when a graft accidentally fell
on the operating room floor during the surgical pro-
cedure after it had been harvested [8]. As many as
25% of the surgeons who have performed ACL re-
construction admit that they have had this type of
accident in their practice and 75% of them chose
graft decontamination as a treatment during ACL
reconstruction, 18% chose graft harvesting and con-
tralateral graft preparation, which can often result
in a functional disability of the patient, whereas
only 7% of the surgeons used allograft in that situ-
ation [9]. This intraoperative accident is a deman-
ding and challenging issue, which is primarily re-
lated to the occurrence of postoperative infection,
and the possibility of intraoperative graft contami-
nation treatment within its prevention [10].

It has been shown that intraoperative contamina-
tion can be caused by pathogens from the nose or on
the skin of the patient breaking through the barrier
of aseptic surgical field as well as by airborne patho-
gens in the operating room, by the people present
during surgery and their movement. It can also be
induced by surgical smoke created during electroca-
utery and laser ablation of tissue by means of ultra-

Table 2. Duration of surgery in the two different groups
Tabela 2. Duzina trajanja operacije po grupama

sonic knifes as well [11, 12]. The risk for intraopera-
tive contamination is increased by inadequate mani-
pulation during the preparation of the operative field,
especially if surgical instruments at this point are
unpacked and prepared on the operating table [13,
14]. This is a sufficient indicator for the necessity of
intraoperative treatment of contamination.

The aim of this study was to determine the possi-
ble existence of intraoperative graft contamination
and to correlate it with the duration of surgery, as one
of the possible factors of influence on its incidence.
The hypothesis was that the extension of the durati-
on of the surgical procedure increases the incidence
of contamination.

Material and Methods

This research was conducted as a prospective-
retrospective study at the Department of Orthopedic
Surgery and Traumatology, Clinical Center of Voj-
vodina in Novi Sad during the period of two years
(from January 1%2014 to December 31%2015). The
study sample consisted of 200 male and female pa-
tients, between the ages of 18 and 45, who had uni-
lateral complete rupture of the anterior cruciate liga-
ment of the left right knee. The diagnosis was con-
firmed by clinical examination and/or nuclear ma-
gnetic resonance (NMR). The reconstruction of the
anterior cruciate ligament was done with either of
two types of grafts: bone-tendon-bone (BTB) or
hamstring graft. The surgery was performed in ope-
rating room with a protocol of cleaning before each
procedure, which was validated by the local commi-
ttee of hygiene. The skin preparation was performed
using 4% povidone—iodine solution. Regardless of
the type of the ACL reconstruction, the same proto-

Culture N Duration average in minutes SD 95% CI Minimum Maximum
Bris Trajanje operacije u minutima Lower limit  Upper limit Minimum Maksimum
Donja granica Gornja granica

]’:‘]ega“."e 167 52.84 12253 50.97 54.72 20 150
egativan

IF;OS'F'.VG 33 66.82 17.085  60.76 72.88 45 120
ozitivan

Total 200 55.15 14.115 53.18 5712 20 150

Ukupno
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col for antibiotic prophylaxis was used, i.e. second-
generation cephaF osporins. Every s ngle graft after
the harvesting was adequately designed, and then left
on the operating table until the moment of its implan-
tation. Immediately prior to its implantation, the
swab of every graft was taken, and then cultured on
blood agar. After 24 hours of incubation, the results
were read. Furthermore, the duration of surgery was
measured from the moment of skin incision to the
moment of setting up the last skin suture.

Results

One of the two operating techniques was used
for primary unilateral reconstruction of the anteri-
or cruciate ligament of the knee in all patients (200)
included in this research.

BTB graft was used for the reconstruction of the
torn anterior cruciate ligament in 169 (84.5%) out
of 200 patients, while only 31 (15.5%) patients un-
derwent reconstruction of ACL with the hamstring
tendon graft. During the surgical procedures, the
swab of every graft was taken. In 33 cases the cul-
tures were positive, and the incidence of graft con-
tamination was 16.5%. Out of 33 patients with po-
sitive findings, 27 had ACL reconstruction done
with BTB graft, while the rest 6 reconstructions
were done with a hamstring tendon graft. Propor-
tionally, graft contamination was approximately
equally distributed in these groups: BTB 27/169 and
hamstrings 6/31.

The most common cause of contamination in
positive swabs was coagulase-negative Staphylo-
coccus, isolated in 24 (72.7%) patients, whereas
Staphylococcus aureus was isolated in swabs of 6
patients (18.2%). Acinetobacter was found in 2 swa-
bs (6.1%) and and one patient was found to have
Staphylococcus viridians (3%).

In the group of patients who underwent BTB
technique, average time from the moment of graft
harvesting to the moment of itsimplementation was
17.26 minutes. Graft exposure time in the patients
who underwent ACL reconstruction with hamstring
tendons was 19.21 minutes. The average graft expo-
sure time, regardless of the surgical technique used,
was 18.91 minutes. In patients with BTB graft, graft
exposure time was significantly shorter than in tho-
se patients with hamstring surgery. This result was
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expected since longer time is required for preparing
hamstring graft compared to BTB graft.

The average duration of surgery in our sample
(n=200) amounted to 55.15 minutes. However, the
operating time in the group of patients with positi—
ve swabs was 66.82 minutes, but only 52.84 minu-
tes in the group of patients with negative swabs.
When we compared the operating times between
these two groups, we found a statistically significant
difference (p<0.5), meaning that duration of surge-
ry was significantly longer in the group of patients
with positive swabs.

The prolonged duration of the surgery in most
cases related to the execution of ligamentoplasty
combined with meniscectomy of one meniscus, or
the existence of associated injuries of the anterior
cruciate ligament and one of the menisci. An asso-
ciated meniscal injury was present in half of the
patients. In the group of patients with positive cul-
tures, 23 (71.9%) required ligamentoplasty associ-
ated with one of the meniscectomy. In contrast, in
the group with negative cultures, ACL reconstruc-
tion associated with meniscectomy was performed
in 46.1% of cases, while in the remaining 53.9%
only ligamentoplasty was required.

Discussion

There is no clear consensus about graft conta-
mination incidence. According to data found in li-
terature, it ranges between 10 and 50%. In our
study, graft contamination was registered in 15.5%
of patients, which is similar to the results reported
by Hantes et al. [6]. They found that the average
incidence of intraaaoperative graft contamination
was 12%. Furthermore, they showed that contamina-
tion was greater in the grafts obtained from the ham-
string tendons because of the longer time required for
graft preparation. According to their data, contami-
nation of the BTB grafts was only 10%. Badran et
al. [15] reported the incidence of contamination to
be 16.7%, while it was as much as 23% according
to Plante et al. [16].

Gavrilidis et al. [17] who investigated the possible
causative agents of septic arthritis after the recon-
struction of anterior cruciate ligament with the ham-
string tendon graft, used the similar method. They
took graft swabs immediately prior to its implemen-
tation. Graft contamination on their sample was 10%.

Table 3. Graft contamination incidence according to types of operation
Tabela 3. Incidencija kontaminacije kalema u zavisnosti od tipa operacije

Culture/Bris
Negative/Negativan PositivelPozitivan — Total/Ukupno
N % N % N %
Ligamentoplasty/Ligamentoplastika 90 53.9 9 28.1 99 497
Pim percis Ligamenonlasial menscetompy T 46123 719100 503
Total/Ukupno 167 100 32 100 199 100
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Vertullo et al. [18] published that coagulase ne-
gative Staphylococcus was the main cause of con-
tamination in 75% of cases. Barrios et al. [19] reco-
gnized that Gram-negative pathogens were respon-
sible for the occurrence of contamination in 80% of
cases during the examination of bone allograft con-
tamination in 987 patients. We also showed that the
same pathogen was responsible for graft contami-
nation. Staphylococcus spp coagulase negative was
isolated in 24 cases (72.7%), Staphylococcus aure-
us in 6 cases (18.2%), Acinetobacterin in 2 (6.1%)
and Staphylococcus viridans in 1 case (3%). A high
incidence of isolated coagulase-negative Staphylo-
cocci was reported not only in our study but Sgjovic
et al. [20] also showed that Staphylococcus spp. co-
agulase negative was the main cause of contamina-
tion in 93% of their cases.

The duration of surgery in our study proved to be
a vital factor that may cause the graft contamination.
Babcock et al. [21] examined the reasons of postope-
rative infection following knee arthroscopy and they
concluded that meniscectomy combined with liga-
mentoplasty prolonged duration of the surgery and
increased possibility of graft contamination inciden-
ce. Prolonged duration of surgery causes greater graft
exposure to the air, and greater graft contamination
incidence. In this study, the patients with positive
swabs had a longer duration of surgery. In most cases
(71.9%), those were the patients who had ACL and
meniscal injury together, and they underwent ACL
reconstruction and one of the meniscectomy as well.
Hantes et al. [6] analyzed the degree of contamina-
tion of the graft, depending onitstype. They proved
that the average contamination of BTB auto-grafts,

due to less exposure to the air during processing, was
10%, while the contamination of the hamstring ten-
dons graft was a bit more frequent and amounted to
13%, which was directly associated with a prolonged
exposure to the air.

Although the time of BTB graft preparation is
significantly shorter than the time needed for ham-
string tendons graft preparation, the time elapsed
from the moment of the beginning of the graft pre-
paration to its implantation was not significantly
different between these two groups. There was no
statistically significant difference in the incidence
of contamination in relation to the type of graft.

Statistical differences are related to the time
required for the graft preparation. They concluded
that the time from the start of graft preparation to
its implantation is a key factor for the occurrence
of contamination.

Conclusion

According to the results of this study, statistically
significant difference was found between the duration
of operation with bone-tendon-bone graft compared to
the hamstring tendon graft. Furthermore, a statistically
significant difference in graft contamination was found
between the bone-tendon-bone and hamstring group.
The results of the study clearly show that the incidence
of graft contaminationissgnificantly higher in case of
prolonged duration of the surgery. This is primarily
related to the association of ligamentoplasty and menis-
cectomy within the same procedure, which is related
with prolonged duration of the surgery as well as pro-
longed graft exposure to the air.
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ANKLE ARTHROSCOPY

ARTROSKOPIJA SKOCNOG ZGLOBA

Vaso KECOJEVICY, Ivica LALIC*2, Vladimir HARHAJIY2, Predrag RASOVIC'?,
Miodrag VRANJES"?and Mirko OBRADOVIC??2

Summary

Introduction. Ankle arthroscopy provides better visualization, less
tissue trauma, faster recovery, shorter hospitalization and reduced
treatment costs. Complication ratesarelower inrelationtothedassic
open approach. This study was aimed at presenting the surgical te-
chnique, its advantages and limitations, complications as well as our
experience. Material and M ethods. We performed 31 ankle arthros-
copies in 23 male and 8 female patients in the period from October,
2007 to 1 September 2016. All surgeries were performed with tour-
niquet applied on the thigh, using standard arthroscopy portals, with
the optic 4.0, 30 degrees. Anterior and posterior bony and soft tissue
impingements were found in 23 patients, 4 patients had osteochondral
defects of the talar dome, loose bodies were seen in 4 patients. The
majority of patients were athletes and recreational sportspeople (29
cases). The average duration of surgery was 25 minutes. The avera-
ge stay in hospital was one day. Full weight-bearing was achieved 18
days after surgery on average (from 10 to 28 days). There were no
infections. Trangtory palsy of superficial peroneal nerve wasrecor-
dedinthree cases. Results. The average American Orthopedic Foot
and Ankle Score value was 46 before surgery and 92 after surgery.
According to Foot and Ankle Outcome Score there were improve-
mentsin the postoperativerange of motion, aleviation of pain, longer
walking distance and improvement in daily living activities. Con-
clusion. Ankle arthroscopy resulted in a significant postoperative
improvement in functional scores in our study sample.

Key words Ankle Joint; Arthroscopy; Treatment Outcome; Patient
Outcome Assessment; Disability Evaluation; Pain Measurement

I ntroduction

Ankle arthroscopy became important in the past
decade. It is used as diagnostic and therapeutic proce-
dure in acute and chronic cases, and it replaced open
surgery [1]. Its application is getting wider because
more and more people go in for sports which leadsto
increased trauma or overuse injuries of the ankle joint.
The overall incidence of ankle and foot trauma is high,
accounting up to 40% of all injuries in athletes. Of that
number 20% to 30% will have some residual problems
[2]. The main indications for ankle arthroscopy are
ankle impingement, osteochondral and chondral de-
fects, cartilage degeneration, joint instability and syno-
vitis. Depending on the location of injury, anterior,

Sazetak

Uvod. Artroskopija sko¢nog zgloba omogucava bolju vizuelizaciju,
manju traumatizaciju tkiva i brzi oporavak, skrac¢en broj bolnickih
dana, smanjenu cenu le¢enja. Komplikacije su procentualno sma-
njene u odnosu na klasi¢nu hirurgiju. Cilj rada je upoznavanje sa
hirurskom tehnikom, prednostima i ograni¢enjima, komplikacija-
ma, i nasim iskustvima. Materijal i metode. Od oktobra 2006.
godine do septembra 2016. godine artroskopija sko¢nog zgloba
radena je kod 31 pacijenta (23 muskarca i 8 Zena). Operacije su
radene u ishemiji kroz standardne pristupe, optikom 4.0, 30 stepe-
ni. Prednji i zadnji kostani i mekotkivni impingement je bio zastu-
pljen kod 23 pacijenta, osteohondralne lezije talusa kod Cetiri,
zglobna tela kod Cetiri. Sportisti i aktivni rekreativci bili su najza-
stupljeniji (ukupno 29). Prose¢no trajanje operacije bilo je 25 mi-
nuta. Pacijenti su provodili u bolnici u proseku jedan dan. Pun
oslonac je u proseku bio postignut 18. postoperativnog dana (10-28).
Nismoimali infekcije. Kod tri pacijentaje registrovanatranzitorna
parezan. peroneus superfitialis. Rezultati. Prose¢ne vrednosti
American Orthopedic Foot and Ankle Score bile su 46 preoperativ-
no, 92 postoperativno. Prema upitniku Foot and Ankle Outcome
Score doslo je do postoperativnog poveéanja obima pokreta, sma-
njenja bola, povecanja distance hoda i pobolj$anja aktivnosti dnev-
nog zivota. Zakljucak. Artroskopske operacije sko¢nog zgloba, na
naSem uzorku, dovele su do znacajnog poboljSanja funkcionalnih
skorova postoperativno.

Kljuéne reci: skoc¢ni zglob; artroskopija; ishod lecenja; paci-
jentova procena ishoda; merenje bola

posterior or combined approach can be used. There are
differences in surgical technique used in the world: in
Europe and Asia surgeons use the so called dorsiflexi-
on method, while in the United States of America sur-
geons use non-invasive distraction technique [3-5]. It
has taken a long time to establish ankle arthroscopy,
and turn it from diagnostic to therapeutic procedure.
The first article on ankle arthroscopy was published
by Burmnan [6] in 1931. He said that the ankle joint
was unsuitable for arthroscopy because of the anatomy.
But only eight years later, in 1939, the first ankle ar-
throscopy was performed by Kenji Tagaki [7]. Wata-
nabe reported a series of 28 ankle arthroscopies in 1972
[8]; and Chen published his work on a series of 67
patients in 1976 [9]. The shape of the articular surfaces
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CT — computed tomography
MRI — magnetic resonance imagining

ADL —activities of daily living

AOFAS — American Orthopedic Foot and Ankle Score
FAOS - Foot and Ankle Outcome Score

OCD  —osteo-chondral defect

MTP  —metatarso phalangeal

IP —inter phalangeal

QOL  —quality of life

and little joint laxity was the main reason for difficul-
ty in performing ankle arthroscopy. In 1988 Guhl and
Ferkel P, 10] introduced invasive distraction technique.
It was later replaced with non-invasive distraction that
produced less complications. Van Dijk and Scholte [11]
introduced the dorsiflexion method in 1997. With foot
in dorsiflexion, the complication rate was further de-
creased, and ankle arthroscopy became more popular
among surgeons in Europe. Development in technolo-
gy, such as video transmission, fibre optics, small in-
struments and cameras, computed tomography (CT)
and magnetic resonance imaging (MRI) diagnostics
are of the great influence in arthroscopy procedures,
particularly the ankle arthroscopy.

Material and Methods

A retrospective study, which was conducted from
October 2007 to September 2016, included 31 patients
(23 males and 8 females) who had undergone ankle
arthroscopy. Inclusion criteria were pain, reduced ran-
ge of motion, swelling, and no response to physica

Figure 1. Introducing optic through anteromedial portal
Slika 1. Uvodenje optike kroz anteromedijalni portal

Kecojevi¢ V, et al. Ankle Arthroscopy

Figure2. OCD talus prepared for micrifracturing ante-
romedial portal

Slika 2. Osteo-hondralni defekt talusa pripremljen za
mikrofrakture

therapy in the previous six months. Exclusion criteria
wereinfection at the Ste of ankle and the radiographic
signs of narrowing of the joint space that suggested the
presence of ankle osteoarthritis. Anterior and posterior
bony and soft tissue impingements were treated in 23
patients, osteochondra defects of thetalar dome loose
bodies were treated in 4 patients, each (Graph. 1).
Themgority of patients were athletes and recrea-
tional sportspeople (29 cases). The follow-up period
was | year on average (ranging from 1 month to 18
months). The average duration of surgery was 25 mi-
nutes. The average stay in hospital was one day. Full
weight-bearing was achieved 18 days after surgery on
average (from 10 to 28 days). There were no infections.
Trangtory palsy of superficial peroneal nerve was
recorded in three cases. Prior to surgery, radiographs,
CT or MRI diagnostic were performed. If bony im-
pingement was seen on standard radiographs we did
not use CT or MRI. Surgeries were performed with
tourniquet applied on the thigh, using general or epi-
dural anesthesia. The patients were placed in supine
or prone position, depending on the pathology that had
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Graph. 1. Pathology distribution
Gtafikon 1. Distribucija patologije
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Figure 3. Trocar placed through posterolateral portal
Slika 3. Vodic postavljen kroz posterolateralni portal

to be treated. The affected limb was placed in a slight
eevation and with thefoot at the edge of the operating
table, thus enabling the surgeon to manipulate with
the foot and to dorsiflex it fully. The joint distraction
was performed by an assistant. Standard anteromedi-
al and anterolateral portals were used for anterior an-
klearthroscopy (Figures 1 and 2), and posterolatera
and posteromedial portals were used for posterior an-

Figure 4. Flexor hallucis longus tendinosis of postero-
lateral portal
Slika 4. Tendinoza tetive dugog pregibaca palca
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kle arthroscopy, as described by van Dijk [12] (Figu-
res 3 and 4).

The arthroscope which we used was 4 mm wide at
the angle of 30 degrees, without an arthropump. The
landmarks were drawn on the skin prior to the skin
incision. After surgery the wound was closed by single
sutures, and an elastic bandage was applied running
from thefoot to the knee. The patientswere discharged
from hospital the day after surgery, they were allowed
to walk on the crutches without weight-bearing for 3
days, and after that with progressive load.

Results

The results were assessed by means of two scoring
systems. The American Orthopedic Foot and Ankle
Society Score (AOFAS) [13] is one of the most widely
used clinician-reporting tools for foot and ankle con-
ditions. Developed in 1994, AOFAS is a clinician-
based score that measures outcomes for four different
anatomic regions of the foot: the ankle-hindfoot,
midfoot, metatarsophalangeal (MTP)-interphalange-
al (IP) for the hallux, and MTP-IP for the lesser toes.
The four anatomic regions of the AOFAS are all re-
presented by a different version of the survey with
each tool designed to be used independently. The
questionnaire consists of nine items that are distri-
buted over three categories: Pain (40 points), functi-
on (50 points) and alignment (10 points). These are
all scored together for a total of 100 points. The ave-
rage values of AOFAS score in our study was 46
before surgery and 92 after surgery.

Foot and Ankle Outcome Score (FAOS) [14] was
developed to assess the patients’ opinion about a vari-
ety of foot and ankle-related problems. FAOS consists
of 5 subscales: pain, other symptoms, function in dai-
ly living (ADL), function in sport and recreation
(Sport(Rec), and foot and ankle-related Quality of Life
(QOL). The previous week has to be taken into consi-
deration when answering the questionnaire. Standar-
dized answer options are given and each question gets
a score from 0 to 4. A normalized score (100 indicating
no symptoms and 0 indicating extreme symptoms) is
calculated for each subscale. In our study sample there
were improvements in the postoperative range of mo-
tion, aleviation of pain, longer walking distance and
improvement in daily living activities.

Conclusion

Ankle arthroscopy is one of the latest surgical
procedures performed at our Department. Although
we have alot of experience in knee arthroscopy, the
ankle arthroscopy isthe field that we want to enter
more rapidly. A limitation of the study is a small
number of patients treated by ankle arthroscopy.
However, in spite of asmall sample we have achie-
ved satisfactory results according to American Or-
thopedic Foot and Ankle Score and Foot and Ankle
Outcome Score system. The first results have en-
couraged us to continue to improve our skills.
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INSTEPWITH CONTEMPORARY TRENDS-STEM-CELLTHERAPY ASA KEY
DRIVER OF REGENERATIVE ORTHOPEDICSAT THE CLINICAL CENTER OF
VOJVODINA —PRELIMINARY DATA FOR THE TREATMENT OF KNEE
OSTEOARTHRITISAND OSTEOCHONDRAL LESIONS

U KORAK SA SAVREMENIM TRENDOVIMA — TERAPLIA MATICNIM CELIJAMA KAO KLJUCNI PO-
KRETAC REGENERATIVNE ORTOPEDIJE U KLINICKOM CENTRU VOJVODINE —
PRELIMINARNI REZULTATI LECENJA OSTEOARTRITISA I OSTEOHONDRALNIH LEZIJA

Oliver DULICY, Ivica LALICY2, Nata§a JANJIC!2, Predrag RASOVIC2,
Gordan GAVRILOVIC? and DZihan ABAZOVIC?

Summary

Introduction. In the treatment of various orthopedic conditions,
regenerativetherapies, including platelet rich plasma and autologous
stem-cell therapy, have recently been advancing. Knee cartilage le-
sions are a debilitating disease resulting in fibrillation and subsequent
degradation which can also involve the subchondral bone and lead to
the development of osteoarthritis. Bone marrow mesenchymal stem
cells are a heterogeneous mixture of cells involved in cartilage forma-
tion and regenerative repair, whereas other mesenchymal stem cdlls
have the capacity to play a role as immunomodulatory and trophic
factors. Nowadays, stem-cell therapy is widely used for the treatment
of knee osteoarthritis and cartilage lesions. The purpose of this study
was to evaluate preliminary clinical data of treatment of knee oste-
oarthritiswith stem cell injection and treatment of osteochondral
lesonswith stem-cdll sceffold. Material and Methods. Stem cells
were obtained by concentrating the content taken with aspiration
needles from the bone marrow my means of Arthrex Angel Bone
Marrow Aspirate Concentrate centrifuge. Results The study sample
consisted of 39 patients who were included in knee osteoarthritis
treatment. Surgical implantation was performed in 7 patients from
the osteochondral group. In the first group, an average Visual Ana-
logue Scale pain felt before intervention decreased statistically sig-
nificantly three days after the intervention (from 7.27 to 2.12, p<0.05)
and remained 1.2 until the check-up after 3 months. The same results
were achieved in the average Western Ontario and McMaster Uni-
versities Arthritis Index score (prior to intervention=51.5; after 1
month=72 and after 3 months= 76). For the second group, an average
pre-intervention Visual Analogue Scale pain decreased statistically
significantly three days after intervention (from 8.1 to 2.7) and re-
mained 1.2 until the check-up after months. The same results were
achieved on the Knee injury and Osteoarthritis Outcome Score pain
(p=<0.05). Both procedures were proved as safe providing pain relief
and function improvement of treated knee joints.

Key words. Stem Cell Transplantation; Bone Marrow Cells;
Regenerative Medicine; Osteoarthritis, Knee; Osteochondritis;
Cartilage, Articular; Orthopedic Procedures; Pain Measurement

Sazetak

Uvod. Regenerativna medicina danas je klini¢ka realnost u
tretmanu mnogih ortopedskih stanja unazad nekoliko godina.
Pored terapije platelet rich plasma, terapija matiénim ¢elijama
postaje sve popularnija. Lezije hrskavice predstavljaju onespo-
sobljavajucu bolest koja vremenom progredira ka zdravoj hrska-
vici 1 suphondralnoj kosti; dovodeci do razvoja osteoatritisa. Ma-
ticne Celije poreklom iz koStane srzi su heterogena meSavina ¢elija
koje ucestvuju u formiranju i regeneraciji hrskavice, ali imaju i
imunomodulatorna i troficka svojstva. Danas je kori$¢enje terapije
mati¢nim ¢elijama Siroko rasprostranjeno za le¢enje kako osteoar-
tritisa tako i za lecenje lezije hrskavice velikih zglobova. Cilj ovog
rada bio je da se predstave preliminarni klinicki rezultati leCenja
osteoartritisa injekcijama mati¢nih ¢elija kao i le¢enja osteohon-
dralnih lezija skafoldima od mati¢nih ¢elija. Materijal i metode.
Matic¢ne ¢elije su dobijene koncentrovanjem sadrzaja uzetog punk-
cijom iz kostane srzi uz pomo¢ Arhtrex Angel centrifuge. Rezulta-
ti. U naSoj ustanovi, 39 pacijenata leceno je injekcijama mati¢nih
¢elija, dok je sedam pacijenata leCeno implantacijom matic¢nih ce-
lija u autologi bioloski skafold. Kod prve grupe, skala bola Visual
Analogue Scale znacajno je pala tri dana nakon intervencije (od
prose¢no 7,27 na 2,12, p < 0,05) i odrzavala se niskom do treceg
meseca sa rezultatom 1,2. Sli¢ni rezultati su postignuti i na skali
Western Ontario and McMaster Universities Arthritis Index (pre-
interventno = 51,5; prvi mesec = 72 i tre¢i mesec = 76). U drugoj
grupi, skala bola Visual Analogue Scale znacajno je pala tri dana
nakon intervencije (od prose¢no 8,1 na 2,7, p <0,05) i odrzavala se
niskom do tre¢eg meseca sa rezultatom 1,2. Sli¢ni rezultati posti-
gnuti su i na skali bola Knee injury and Osteoarthritis Out-
come Score. Zaklju€ak. Obe procedure su dokazane kao bezbedne
po pacijente sa dramati¢nim poboljSanjem funkcije tretiranog ko-
lena i smanjenjem bola.

Kljucne reci: transplantacija stem celija; celije koStane srzi;
regenerativna medicina; osteoartritis kolena; osteohondritis;
zglobna hrskavica; ortopedske procedure; merenje bola
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Abbreviations

BMAC —Bone Marrow Aspirate Concentrate

FASSG - autologous scaffold covered by bio-regenerative
glue augmented with growth factors

IL — Interleucin

KCV  —Clinical Center of Vojvodina
MSc —mesenchymal stem cells

OA — osteoarthritis

OH — osteochondral

PRP —platelet rich plasma

PRF — platelet rich fibrin

TNF — tumor necrosis factor

VEGF - vascular endothelial growth factor

I ntroduction

At the very beginning, we would like to present
a short historical overview of regenerative ortho-
pedics at the Department of Orthopedic Surgery
and Traumatology, Clinical Center of Vojvodina
(CCV) which is at the disposal of our patients. Our
Center isthe only state-owned hospital having mod-
ern equipment and well educated teams capable of
offering adequate, contemporary and state-of-the
art regenerative orthopedic procedures. The first
regenerative procedures were established 3 years
ago when our Center was equipped with the Vivo-
stat® System and a sufficient number of Platelet
Rich Fibrin sets (PRF). Early pioneers of these pro-
cedures were focused on intra-articular injections
of PRF for treatment of osteoarthritis (OA) and soft
tissue infiltrations for treatment of painful syn-
dromes such as tennis and golf elbow, rotator cuff
tear, subacromial bursitis, muscle and ligament in-
juries, etc. Unfortunately, there were no methodo-
logical records of follow-up results. Encouraged by
great results and high levels of patient’s satisfaction
following the functional improvement our surgeons
continued to widen the spectrum of potential regen-
erative options and to extend their knowledge base.
Surgical implantation of bioregenerative scaffold
with stem cells from bone marrow aspirate concen-
trate (BMAC) for treatment of osteochondral (OH)
lesion was performed for the first time in our coun-
try in November 2015, at the Clinical Center of Vo-
jvodina. It was conducted by Prof. Dusan Maric,
Prof. Dragan Savic and Dr. Vaso Kecojevic and su-
pervised by Prof. Stefano Zanasi from the Rizzoli
Institute, Bologna, Italy. At the end of 2015, the
Clinical Center of Vojvodina applied for the Pro-
vincial state funding with a Project for Treatment
of OA and osteochondral lesionswith BMAC. Upon
the approval of budget, the Department was
equipped with an Arthrex®Angel centrifuge as well
as a number of sets for BMAC and PRP production
with the aim of offering the most modern therapy
options for our clients but also to extend the base
for scientific research. Nowadays, BMAC and PRP
therapy is widely used for treatment of OA in knee
and hip, OH lesions, avascular necrosis of femoral
head and condyles, non-union fractures and a wide

range of soft-tissue pathologies. This project has
consequently opened the door for a number of clin-
ical studies approved by ethical and state authorities
for research of clinical application of stem cellsin
different orthopedic conditions.

Regenerative adjunctive treatment is the next
logical step in the progression of surgical interven-
tion. Biologically augmented or regenerative tech-
niques are at the very forefront of modern treatment
and have the potential to transform the practice of
medicine and surgery significantly in a very short
period. Although the basic science remains in its
infancy, especially in the areas of signaling, regula-
tion, and mechanism, regenerative knowledge has
expanded significantly in volume and across disci-
plines [1]. In the treatment of various orthopedic
conditions, regenerative treatments have recently
been advanced, including platelet-rich plasma and
autologous stem-cell therapy. The term orthobio-
logics has been used to describe these various bio-
logic agents that are obtained directly from our
bodies tapping into our own intrinsic capabilities to
heal [2]. Multiple studies on platelet-rich plasma
have been published that demonstrate the modula-
tion of pain and inflammation in degenerative ar-
thritis of the knee [3—7] and the healing capabilities
of this treatment for chronic refractory tendinopa-
thies [8, 9]. On the other hand, studies are emerging
that support the benefit of mesenchymal stem cells
(MSC) for cartilage pathology including osteoar-
thritis and osteochondral lesions. Positive func-
tional outcomes have been reported 12 (for OA) to
even 60 months after implantation of stem cells in
different types of treatment options for OH lesions,
but future work is required to assess long-term out-
comes with respect to other treatment modalities
[10-14]. Besides varying degrees of beneficial clin-
ical outcomes, most currently published articles
have reported that the application of BMAC isasafe
procedure without any complications which occur
in general population according to the statistics [15].

Articular cartilage lesions are a debilitating dis-
ease resulting in fibrillation and subsequent degra-
dation which can also involve the subchondral bone
and lead to the development of OA [16, 17]. One
limiting factor in the repair of these defectsis the
well-known low intrinsic regeneration potential of
cartilage, which might be due to the difficulty en-
countered by progenitor cells from the blood, bone
marrow, or even other compartmentsin entering the
defect and the inability of resident articular chondro-
cytes that are entrapped within the surrounding
matrix to migrate into the lesion to secrete are-
parative matrix [18]. The avascular, aneural, and
alymphatic nature of articular cartilage hinders re-
pair and regeneration potential once injured. Ar-
ticular cartilage lesions may be focal defects result-
ing from direct trauma, avascular necrosis (AVN),
or osteochondritis dissecans. These lesions are de-
scribed as chondral (limited to the cartilage surface)
or osteo- chondral (extending beyond the calcified
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cartilage layer into the subchondral bone). Chondral
lesions have a poor intrinsic ability to repair them-
selves because they lack blood vessels that are
critical for circulation and delivery of progenitor
cells as apart of the normal healing processes. In-
stead of progenitor cells filling chondral defects,
cells from the synovial membrane migrate to the
articular cartilage defect and fail to integrate com-
pletely, leading to continued degeneration. In con-
trast, osteochondral lesions have access to the bone
marrow, which provides a supply of mesenchymal
stem cells that can create the repair tissue [18]. This
tissue, however, resembles fibrocartilage, which
does not integrate well with the adjacent matrix and
does not withstand mechanical stress, resulting in
eventual degeneration over time. Articular cartilage
lesions may also be more generalized, or diffuse
and lacking lesion margins asin degenerative joint
disease or OA. Once early OA begins, the repair
capacity of articular cartilage is further compro-
mised by a cascade of catabolic events including
inflammation, recruitment of cells that release pro-
inflammatory factors, and protei nase activation that
leads to degeneration and cell senescence with ap-
optosis. Disease progression is believed to result
from an imbalance between pro-inflammatory cy-
tokines (including interleukin la (Il-1a), IL-1, and
tumor necrosis factors (TNF) and anti-inflamma-
tory cytokines (including IL-4, IL-10, and IL-1ra)
[18]. This cytokine imbalance is thought to promote
proteolytic enzymes, which lead to cartilage dete-
rioration [19-22]. In addition, the subchondral
trabecular bone is thought to play an important role
in OA because subchondral bone changes are po-
tentially both a result and a cause of cartilage loss
[23].

Bone marrow MSCs are a heterogeneous mix-
ture of cells with at least two different functions.
Some of these cells are aready involved in the os-
teogenic pathway and accelerate bone formation and
regenerative repair [24-27], whereas other MSCs
have the capacity to play a role as immunomodula-
tory and trophic factor [28]. These MSCs are formed
at broken and inflamed blood vessels where the lo-
cal pericyte detaches from the vessel and becomes
an activated MSC. This in situ MSC secretes a cur-
tain of bioactive agents that locally inhibit the over-
aggressive immune system from sending in inte-
grating cells. This is the body’s first line of control
and defense against establishing an autoimmune
reaction against the antigens exposed by the injured
tissue [1].

The “trophic” effects of MSCs establish a regen-
erative microenvironment at the site of injury by (a)
inhibiting ischemia-related apoptosis, (b) by inhib-
iting scar formation, (c) by stimulating angiogenesis
by secreting large amounts of vascular endothelial
growth factor (VEGF) and by transforming some
of the MSCs back into pericytes that function to
stabilize the fragile, newly forming capillaries, and
(d) by secreting tissue progenitor-specific mitogens
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so that the slow process of tissue regeneration is
enhanced [29]. In conclusion, MSCs serve as “drug
stores” [28, 29] for sites of injury and/or inflamma-
tion by providing an array of bioactive molecules
tailored for that site and the injury [1]. MSCs are
characterized on the basis of surface expression
markers as CD73, CD90, and CD105 positive, and
CD34 and CD45 negative [30].

Adult stem cells consist of 2 general classifica-
tions: hematopoietic stem cells, which are respon-
sible for the formation of blood products, and mes-
enchymal stem cells (MSCs) [8]. In the early 1990s,
adult MSCs were discovered to have an active role
in connective tissue repair [31]. Since that time, im-
pressive progress toward the development of safe
clinical applications for M SC-mediated therapy has
been achieved. It is now technically feasible to har-
vest tissue cells, culture them (if needed) to expand
the cell population, and then inject these cells di-
rectly into areas of injury. Several injectable stem-
cell therapies with differing cell origins now
abound, including MSCs, tenocyte-derived stem
cells, adipose-derived stem cells, amniotic-derived
cells, and dermal fibroblasts. The most well-studied
sources of MSCs include bone marrow derived
MSCs and adipose-derived stem cells [8].

Bone marrow concentrate contains bone marrow
derived mesenchymal stem cells, hematopoietic
stem cells, platelets (containing growth factors), and
cytokines. Bone marrow cells consist of erythrob-
lasts, neutrophils, eosinophils, basophils, monoid
cells (monocytes containing mesenchymal stem
cells and macrophages), lymphocytes, and plasma
cells [18]. These cells are present in various stages
of differentiation [32]. The hematopoietic progenitor
cells can morph into mesenchymal stem cells, dif-
ferentiate into chondrocytes, and are more osteoin-
ductive than adipose-derived cells [33]. Following
the knowledge base derived from pre-clinical, basic
studies about the role of MsC in an inflammatory
environment in the knee, aratio for the treatment
of OA and OH with stem cells from different sourc-
es is justified.

The purpose of this study is to evaluate prelim-
inary clinical data of treatment of knee OA with
BMAC injection and treatment of osteochondral
lesions with BMAC and Fully Autologous Scaffold
covered by bioregenerative glue augmented with
growth factors (FASGQG).

Material and Methods

The group included into osteoarthritis treatment
(OA group) consisted of 39 outpatients complaining
of knee pain who underwent physical examination,
laboratory test and X-ray from April 2016 to a thor-
ough clinical history. The study was performed only
if the patients understood and agreed to the treat-
ment method and procedure. After careful review
of all the test results, the following exclusion crite-
ria for this study were set: knee instability, severe
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misalignment, flexion contracture of more than 10,
inflammatory arthritis such as rheumatoid arthritis
and ankylosing spondylitis, presenting muscle pain,
and underlying diseases such as hematologic disor-
ders, septicemia, coagulopathy, neoplasm, active
infection, and immune deficiency. According to
these criteria, 39 patients who were diagnosed with
degenerative arthritis (Kellgren-Lawrence grade
from 2 to 4) of the knee were included in this study.

For the procedure, the patient was placed in su-
pine position, following preparation and draping of
tuberosity, then local anesthesia (Marcaine,10 ml)
was infiltrated from skin to periosteum. Autologous
bone marrow of 100 cc was aspirated using Arthrex
Angel BMAC set with aspiration needles. The punc-
tured bone marrow was injected into the plastic bag
including the anti-coagulant inside the kit and then
mixed. The Arthrex Angel centrifuge was used to
separate 6 ml cc of BMAC and an injection of
BMAC wasinjected into the treated knee. After the
intervention, the patients were allowed to go back
home to return to their daily lives with a recom-
mendation to decrease activities in next 5 to 7 days
and not to take any NSAID therapy for 2 weeks.
After 7 days, there was no limitation on daily rou-
tines other than the instruction to refrain from ex-
treme exercise for 3 weeks following the interven-
tion. The patients were followed up for VAS pain
and swelling 3 and 7 days after intervention and
invited for the check-up after 1 and 3 months. The
clinical results were also analyzed using the WOM-
AC score.

For the osteochondral lesion treatment (OH
group), the procedure and surgical method of im-
plantation were performed on 7 patients. Previ-
ously, they were recruited for the study after phys-
ical examination and magnetic resonance imaging
(MRI) confirmation of cartilage lesion presence.
Having given their signed consent, they were oper-
ated on under general anesthesia. For the procedure,
the patient was placed in supine position, with the
knee prepared for arthroscopic surgery. An amount
of 100 ml cc blood was taken for PRP and platelet
poor plasma (PPP) preparation and sent to a separate
centrifuge for production of FASSG. Autologous
bone marrow of 100 cc was aspirated by means of
Arthrex Angel BMAC set. The punctured bone
marrow was injected into the plastic bag including
the anti-coagulant inside the kit and then was
mixed. The Arthrex Angel centrifuge was used to
separate 6 ml cc of BMAC. Then, the presence of
lesions was confirmed by means of knee arthros-
copy. The lesion was approached through the mini
arthrotomy. Debridement of lesion was conducted
on the borders of the damaged cartilage including
the healthy cartilage tissues, and the subchondral
bone of the lesion which was exposed. After the
microfracture had been performed, BMAC was
placed, then FASSG was placed and at the end after
FASSG changed consistency and became solid, bi-
oregenerative fibrin (BFR) was sprayed to cover the

scaffold. The remaining BMAC and PRP were in-
jected into the knee, and the wound was closed.
When it was necessary to control the pain, the use
of oral non-steroidal anti-inflammatory drugs was
not allowed, and Acetaminophen pain relievers or
opioids were prescribed. When the stitches were
removed, the patients were sent to rehabilitation.
The patients were banned from weight bearing in
the next 4 to 6 weeks during which the patients
themselves conducted the joint angle exercise until
the full range of motion (ROM) was reached with
an increase after 6 weeks. After that, the patients
were allowed to return to their daily routines with
the progression to full sports activities about 3
months after the operation. The clinical evaluation
was based on the survey completed at outpatient
visits before the operation and 1 and 3 months after
the operation, the physical examination, and the
direct follow-up. This study evaluated the degree of
pain of patients through the visual analogue scale
(VAS) scores, and the clinical results were analyzed
by means of the International Knee Documentation
Committee (IKDC). Both procedures were ap-
proved by the Ethics committee. Statistical analyses
were performed with ANOVA model analyzing the
differences among group means. IBM SPSS 20.0
was used for statistical calculations.

Results

No serious adverse events were reported either
in the OA or in the OH group.

The OA group consisted of 25 male (64%) and
14 female (36%) patients, whose mean age was 56
years, ranging from 38 to 75 years. The average
body mass index BMI was 28.19. The average
number of total nucleated cells per 1 ml was 17.2
million. The viability of cells was 98.6%. The de-
gree of degenerative arthritis was evaluated by K—L
grade (Kellgren—Lawrence grading scale) on stand-
ing anteroposterior (AP) view: there were 15 (38%)
cases of grade II, 21 (53%) cases of grade III, 8 (9%)
cases of grade I'V. The average VAS pain was 7.27
before intervention; 2.12 after 3 days; 1.5 after 7
days; 1.3 after 1 month and 1.2 after 3 months.
There was a statistically significant difference be-
tween the pre-intervention values and other values
on follow-up starting from 3 days to 3 months. (p<
0.05). The average VAS swelling was 1.7 before in-
tervention, 1.1 6 after 3 days, 0.91 after 5 days; 0.6
after 1 month and 0.5 after 3 months (Graph. 1).
There was a statistically significant difference be-
tween the pre-intervention values and other values
on follow-up starting from 3 days to 3 months. (p<
005).The average WOMAC score was 51.5 before
intervention; 72 after 1 month and 76 after 3 months
(Graph. 2).

There were 6 (86%) male and 1 (14%) female
patients in the OH group, whose mean age was 43
years, ranging from 30 to 59 years. The average
BMI core was 28.92. The average number of total
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tion;=; 2.7 after 3 days; 2.1 after 7 days; 1.5 after 1
month and 1.2 after 3 months. There were statisti-
cally significant differences between the values
prior to intervention and other results starting from
3 days follow up (p<0.05). The average VAS swell-
ing was 5.6 before intervention, 4.3 after 3 days, 1.8
after 7 days; 1 after 1 month and 0.5 after 3 months
(Graph. 3). Therewere also statistically significant
differences between the values before intervention
and other results starting from 3 days follow up
(p<0.05). The average KOOS pain score was 37.7
prior to intervention, 59.5 after 1 month and 69.4
after 3 months (Graph. 4). There were statistically
significant differences between the values before
intervention and other results starting from 1 month
follow-up (p<0.05).

Discussion

Osteoarthritis of the knee is a highly prevalent
joint disease with prominent symptoms affecting
the daily lives of millions of people. The most cur-
rent evidence-based therapies focus on the symptom
improvement or total joint replacement versus pre-
vention or improvement in the progressive destruc-
tion of OA joints. The concept of intra-articular
delivery of MSCs opens up novel treatment options
for this disease process [34]. Consistent with previ-
ously published results from other publications,
these preliminary results have shown that BMAC
injection in the knee is a safe procedure, without
any serious adverse effects. Significant improve-
ment of knee function and pain relief, with immense
analgesic effect in a previously painful knee (meas-
ured by a significant decrease in VAS pain score
after 3 days and continuation of good results meas-
ured by a decrease of pain and an increase of joint
function as far as 3 months after one injection), were
confirmed. Besides, preliminary results among the
patients treated with a FASSG have shown very
encouraging results with a dramatic increase of
KOOS and a decrease in VAS pain score starting
from one month after surgical intervention followed
by further improvement after 3 months.

Not much is known about this topic which is
confirmed by numerous pre-clinical studies; where-
as studies done at the clinical level are characterized
by methodological shortcomings, small study sam-
ples and short follow-up period. Nonetheless, the
available studies suggest a potential for these cell-
based treatments to be developed in many direc-
tions, with different available cell sources, the pos-
sibility to use them concentrated or expand them in
vitro, to apply them asasimple minimally invasive
injective approach, or to be delivered surgically,
alone or augmented with growth factors or scaf-
folds, and many other improvements are being de-
veloped. Mesenchymal stem cellsin cartilage re-
generation represent a promising new approach with
preliminary interesting findings ranging from focal
chondral defects to articular OA degeneration. How-
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ever, many aspects are still controversial, and they
have to be clarified [35].

Safety of the BMAC therapy wasinvestigated in
many trials, both for scientific, clinical or regula-
tory purposes [10, 15, 35, 36]. Our safety results are
similar to previously published reports of BMAC
use in osteoarthritic knees as they were without
pain. There was no clinical evidence to suggest that
treatment with MSCs (alone or in mixture with
other stem cells or PRP) increase a risk of neoplasm,
immunological or other related diseases. Having
performed an investigation in multi-center analysis
among 2,372 adults undergoing autologous stem-
cell therapy Centeno C. et al. concluded that the rate
of reported neoplasms is even lower in treatment
group in comparison with the general population
[15]. Lack of any adverse events is logical; BMAC,
with its ingredients is fully autologous so there is
no single substance which could elicit to any foreign
body reactions which could induce reactions to for-
eign body, immunological attacks or toxic spreads.
With theseinterventions, we s mply transplant spe-
cific body cells from one body part to the other
because there is no way to be transported through
circulation.

Thereisageneral agreement among researchers
about pain relief reaction after BMAC injection in
the knee [18, 37-39]. Therefore, theories of MSC
paracrine signaling mechanisms to modulate joint
homeostasis have further been corroborated by
many BMAC studies demonstrating symptomatic
pain relief, despite low cell numbers compared with
culture-expanded techniques [29, 40, 41].

Having analyzed our preliminary results after
surgical transplantation of BMAC in FASSG, we
are encouraged with almost full absence of knee
pain, which was a dominant sign before the surgery.
In addition, a dramatic increase of joint function
additionally supports our belief in this method. Al-
though it is very early for arthroscopic or MRI di-
agnostic of cartilage defect consistency, we believe
that after these clinical signs, a regenerative bio-
logical processisongoing inside the knee at the site
of implantation which is expected to result in the

full creation of cartilage-like tissue. Wakitani et al.
[42] injected autologous BM-MSCs embedded in
the collagen gel directly into the articular cartilage
defect of osteoarthritic kneejoints. Twelve patients
received autologous bone marrow cell transplants,
and twelve were cell-free controls. A better arthro-
scopic and histological score was observed in the
cell-transplanted group even though no clinical im-
provement was demonstrated after 6 months. An-
other non-randomized study, performed by Nejad-
nik H. et al. [43], compared 36 patients with autolo-
gous chondrocyte implantation (ACI) and 36 pa-
tients with autologous BM-MSCs. After 2 years,
similar outcomes were obtained for the two proce-
dures but the autologous BM-MSC-based approach
was safer and less expensive. This year, Gobbi et al.
[14] published a paper with clinical outcome data
on the five-year follow up after the same concept of
cartilage surgery as we did in this study with a con-
clusion that cartilage repair using HA-BMAC leads
to successful medium-term outcomes independent
of age or lesion size. All these studies generally
reported the presence of a hyaline-like cartilage
repair tissue within the primitive cartilage defects.

Weaknesses in this study are clear- a very short
follow-up period and a small size of study sample
to yield systematic clinical conclusions. Despite
these shortcomings, the consistency, strength, and
rapidity of improvement suggest that more extensive
and more strongly designed prospective observa-
tional studies are warranted and we will continue
to perform these procedures at our Department.

Conclusion

Cellular-based therapies for osteoarthritis are
rapidly evolving; however, much remains to be un-
derstood regarding their efficacy and mechanism
of action. Mesenchymal stem cells therapy may be
avalid alternative treatment for chronic knee oste-
oarthritis. The intervention is simple, it does not
require hospitalization or surgery, it provides pain
relief, and significantly improves cartilage quality.
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Summary

I ntroduction. Osteoporosis is a metabolic skeletal disease charac-
terized by bone mineral density reduction, which may lead to an
increased risk of bone fractures. Obesity is a condition of excessive
body fat that causes or aggravates many public health problems. As
it is easy to be measured, body mass index is widely used as an index
of the degree of obesity. Material and M ethods. The study included
1.372 female orthopedic patients between the ages of 30 to 79 years
who visited the Clinical Centre of Vojvodinain Novi Sad to havea
dual-energy x-ray absorptiometry (DEXA) examination in the pe-
riod from March, 2010 to June, 2013. The following anthropometric
data were collected: body mass index, body weight, height, dual-
energy x-ray absorptiometry T-score and bone mineral density
(BMD), as well as some other data. Results. The mean age was 62.08
years, the mean weight was 73.59 kg and the mean height was 1.6
m. There were 392 participants in the group of normal body mass
index, 14 participants were underweight, and 966 were overweight
and obese. In the overweight and obese group, 25.25% participants
had osteoporosis, 35.4% had osteopenia and 39.33% had the normal
T-score. In the normal body mass index group, 42.34% of the parti-
cipants had osteoporosis, 29.3% had osteopenia and 28.31 had the
normal T-score. In the underweight group, 57.14% of the participants
had osteoporosis, 21.42% had osteopenia and 21.42% had the normal
T-score. Conclusion. No strong correlation between body mass in-
dex and bone mineral density was found in our study, but it is obvi-
ous that there was a stronger correlation between body mass index
and bone mineral density of the total hip than between body mass
index and bone mineral density of the lumbar spine.

Key words: Body Mass Index; Osteoporosis; Fractures, Bone;
Obesity; Bone Density; Absorptiometry, Photon; Bone Diseases,
Metabolic

I ntroduction

Osteoporosis is a metabolic skeletal disease
characterized by bone mineral density reduction
(BMD), which may lead to an increased risk of bone
fractures. Accelerated bone loss can be detected in
premenopausal patients, in subjects with different
diseases such as primary hyperparathyroidism,
Cushing’s syndrome, and thyrotoxicosis but it is
generally reflected as a disorder in postmenopausal
women. With the aging of the world’s population,

SaZetak

Uvod. Osteoporoza je metabolicka bolest za koju je karakteri-
sti¢no smanjenje koStane gustine §to moze da dovede do pove-
¢anog rizika za nastanak kosStanih preloma. Gojaznost je stanje
koje se ispoljava pove¢anim nakupljanjem masti i pove¢anjem
telesne tezine. Zahvaljujuci lako¢i merenja, indeks telesne ma-
seima $iroko rasprostranjenu primenu kao indeks stepena go-
jaznosti. Materijal i metode. U studiji je u¢estvovalo 1 372
zene, starosti 30—79 godina, pacijenti Klinike za ortopedsku
hirurgiju Klinickog centra Vojvodine, kojima je uraden pregled
dual-energy x-ray absorptiometry u periodu od marta 2010. do
juna 2013. godine. Pored ovog pregleda, uzeti su podaci o visi-
ni, tezini, indeks telesne mase, kao i prisustvu razlicitih fakto-
rarizika. Rezultati. Prose¢na starost ispitanika bila je 62,08
godina, visina 1,6 m, tezina 73,59 kilograma. U grupi sa nor-
malnim indeksom telesne mase bilo je 392 ispitanika, u grupi
sa povisenim indeksom telesne mase 966, a sa snizenim samo
14. U grupi gojaznih, 25,25% ispitanika imalo je osteoporozu,
35,4% osteopeniju a 39,33% imalo je normalan T-skor. U grupi
sa normalnim indeksom telesne mase, 42,34% ispitanika imalo
je osteoporozu, 29,3% osteopeniju a 28,31% imalo je normalan
T-skor. U grupi sa snizenim indeksom telesne mase 57,14%
ispitanika imalo je osteoporozu, 21,42% osteopeniju a 21,42%
imalo je normalan T-skor. Zaklju¢ak. U ovoj grupi ispitanika
nismo uspeli da dobijemo jaku korelaciju izmedu indeksa tele-
snemasei bone mineral density, ali je uocljiv trend da je korela-
cijaindeksatelesne masei bone mineral density kuka jaca nego
indeksatelesne mase i bone mineral density lumbalnih prsljeno-
va

Kljucne redi: indeks telesne mase; osteoporoza; prelomi kosti;
gojaznost; mineralna gustina kosti; DEXA; osteopenija

the occurrence of osteoporosis and its consequential
fragility fractures is bound to increase significant-
ly. Fragility fracture is defined by the World Health
Organization as “a fracture caused by injury that
would be insufficient to fracture a normal bone...
the result of reduced compressive and/or torsional
strength of bone” [1-3]. Osteoporosis can be diag-
nosed based on low bone density as measured by
osteodensitometry which is based on dual-energy
x-ray absorptiometry (DEXA). Low bone mass (0s-
teopenia) is defined as a T-score between —1.0 and

21000 Novi Sad, Hajduk Veljkova 1-7, E-mail:radmilam.ns@gmail.com
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—2.49 by DEXA findings. Osteodensitometry T-
score of —2.5 or lower (determined by the lowest
calculation from the lumbar spine, femoral neck, or
total femur T-score) is a diagnostic threshold for
osteoporosis. A fragility fracture, fracture sustained
on week force, regardless of DEXA results, entails
the diagnosis of osteoporosis. Worldwide, oste-
oporosis causes more than 8.9 million fractures an-
nually, resulting in an osteoporotic fracture every
3 seconds and 1 out of 3 women over the age of 50
years will experience osteoporotic fractures, as will
1 out of 5 men over the age of 50 years [4]. Such
fractures frequently result in chronic pain, disfig-
urement, height loss, impairment in activities of
daily living, loss of independence, and lower qual-
ity of life. The 1-year mortality rate for patients fol-
lowing a hip fracture is estimated to be 14-36% [4,
5]. Women with a vertebral fracture have a 1.2-fold
greater age-adjusted mortality rate compared with
women without fractures [5]. A 2005 estimate cal-
culated $19 billion annually as the direct cost of
fragility fractures [6].

Obesity is a condition of excessive body fat that
causes or aggravates many public health problems.
As it is easy to be measured, body mass index
(BMI) is widely used as an index of the degree of
obesity. Although several studies have investigated
the association between body mass index (BMI)
and bone mineral density (BMD), the results are
inconsistent.

Material and Methods

The study included female orthopedic patients
who visited the Clinical Centre of Vojvodinain
Novi Sad to have a DEXA examination in the pe-
riod from March, 2010 to June, 2013. The following
anthropometric data were collected: BMI, bod
weight, height, DEXA T-score and BMD, as well
as other data such as hypertension, diabetes, thyroid
malfunction, walking, smoking and drinking habits,

Table 1. BMI and T score in all groups of participants
Tabela 1. BMI i T-skor u svim grupama pacijenata

Matijevié¢ R, et al. Relationship Between Body Mass Index and Osteoporosis

dairy products consumption, prescribed drugs use,
menopause onset, history of fracture and family
history of fracture. Men were excluded from the
study due to an unrepresentative number in the ex-
amined population.

While having their height and weight measured,
the participants were dressed in light clothes and did
not wear shoes. The BMI was calculated based on
the formula weight (kg)/height (m)?. According to the
standard categorization of BMI by CDC [16] less
than 18.5 is taken as underweight, 18.5-24.9 as nor-
mal, 25.0-29.9 as overweight, and 30.0 and above as
obese. Dual-energy X-ray absorptiometry scans were
performed and analyzed in line with the manufac-
turer’s recommendations. Lumbar spine T-scores
(number of standard deviations (SD) above or below
young adult mean BMD) and Z-scores (number of
SDs above or below age-matched mean BMD) were
calculated using the manufacturer’s USA white fe-
male reference values. According to the WHO clas-
sification T-score of —2.5 or lower was considered to
be osteoporotic, between -2.5 and -1 was osteopenia,
and above -1 was a normal finding.

Results

The study sample consisted of 1,372 women be-
tween the ages 30 and 79 years, their mean age
being 62.08 years. The mean weight and the height
of the study participants was 73.59 kg and 1.6 m,
respectively. The study participants were divided
by standard categorization of BMI set by the Centre
for Disease Control (CDC) [16] into the group of
normal BMI (392 participants), underweight (14
participants), and overweight and obese (966 par-
ticipants) (Table 1).

In the overweight and obese group, 25.25% of
the participants had osteoporosis, 35.4% had osteo-
penia and 39.33% had the normal T-score. In the
normal BMI group, 42.34% of the participants had
osteoporosis, 29.3% had osteopenia and 28.31% had
the normal T-score. In the underweight group,
57.14% of the participants had osteoporosis, 21.42%
had osteopenia and 21.42% had the normal T-score.

Discussion

Fat and bone are linked by many pathways pro-
viding askeleton appropriate to the mass of adipose

Underweight/Pothranjeni Normal/Idealna masa Overweight and obese/Gojazni

(BMI < 18.5) (BMI 18.5-24.9) (BMI >25.9)
Osteoporosis/Osteoporoza 8 166 244 418
Osteopenia/Osteopenija 3 115 342 460
Normal finding 3 111 380 494
Normalan nalaz
14 392 966 1372
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Table 2. Correlation between BMI and BMD of the lumbar spine and the hip in all groups of participants
Tabela 2. BMI/BMD za lumbarne prsijenove i kuk u svim grupama pacijenata

Underweight Normal Overweight and obese

Pothranjeni  Idealna masa Gojazni

(BMI < 18.5) (BMI 18.5-249)  (BMI >25.9)
Correlation between BMI and BMD of lumbar spine
Korelacija BMI/BMD za lumbalnu kicmu 0.14532 0.083473 0.041486
Correlation between BMI and BMD of hip 031266 0258 0163965

Korelacija BMI/BMD za kuk

BMI - indeks telesne mase, BMD - mineralna gustina kosti

tissue it is carrying. Leptin, adiponectin, adipocyte
estrogens and insulin/amylin are involved in this con-
nection. However, excessive body fat, and particularly
abdominal fat, causes production of inflammatory cy-
tokines which may consequently stimulate bone resorp-
tion, resulting in reduction of bone strength.

Traditionally, body weight is positively associ-
ated with BMD, from childhood through adulthood
(with correlations to the order of 0.3 to 0.6) and
obesity is believed to be protective against fragility
fracture; many earlier studies support this view
[7-10]. For example, hip fracture risk in women was
increased by 7.4% for each unit decrease in body
mass index (BMI) [8]. Our findings in those 1,372
cases correspond with this result since there is the
lowest percentage of patients with osteoporosisin
the overweight and obese group in comparison with
the patients with normal BMI and underweight.

Body weight is usually considered a strong predic-
tor of bone mass in both men and women. In fact,
large-scale epidemiological studies have shown that
increased body weight, or body mass index, is posi-
tively correlated with higher bone mineral density and
with lowered risk of fragility fractures. The most prev-
alent explanation of this correlation is that a larger body
mass causes greater mechanical loading on bone,
which consequently increases BMD to accommodate
the greater load [17]. In our group of participants we
could not get a strong correlation between BMI and
BMD, but it is obvious that there is a stronger correla-
tion between BMI and BMD of the total hip than be-
tween BMI and BMD of the lumbar spine.

Contrary to this, more recent findings suggest
that obesity may not be beneficial to bone health.
Some studies have even shown that a higher body
mass poses asignificant risk factor for fragility frac-
ture, especially for those occurring at sites other than
hip [11-14]. Obviously, most of the findings support-
ing a detrimental effect of body mass on fracture risk
were deduced from bone mineral density (BMD)
adjusted data. Individuals with higher BMI had
greater risk of fracture than those with low BMI as
shown in these studies after BMD effect had been
controled [11, 14, 16]. For instance, in a prospective
study on elderly women, a greater risk of hip fracture
before adjustment for BMD was associated with
lower BMI, but the association was reversed after
including BMD in the statistical model [16]. Simi-
larly this adjustment needs to be done with the data
obtained by our study which included an even bigger
group of participants (approximately 3.000 over a
period of 6 years during which DEXA was per-
formed for our orthopedic patients).

Conclusion

No strong correlation between body mass index and
bone mineral density was found in our study, but it is
obvious that there was a stronger correlation between
body mass index and bone mineral density of the total
hip than between body mass index and bone mineral
density of the lumbar spine.
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PRODUCTION OF MEDICAL PRODUCTSFOR THE PURPOSESIN ORTHOPEDICS
AND TRAUMATOLOGY IN NOVI SAD

PROIZVODNJA MEDICINSKIH SREDSTAVA ZA POTREBE ORTOPEDIJE I TRAUMATOLOGIJE U NOVOM SADU

Jovan GRUJIC and Milica GRUJIC

Summary

The simplest and most secure way to new knowledge and innova-
tions is possible if scientific and multidisciplinary approach is ap-
plied. Treatment of certain phenomena, degenerative changes, in-
juries or diseases of the bone and joint system of human is possible
by applying the implant. In Novi Sad, manufacturing and clinical
application of external fixator began in 1985, and the production
and application of total cemented endoprosthesisof thehipjointin
1987. With these events Yugoslavia joined the highly developed
countries producing implants, which still present a high technology
product. Production and application of total cemented knee endo-
prosthesis began in 1996. The production of implants and instru-
ments for application of screw for anterios cruciate ligament of the
knee joint began in 1998, and the production and application of
anchors for ligamentoplasty of shoulder began in 2004.

Key words: External Fixators; Prostheses and Implants; Hip
Joint; Knee Joint; Arthroplasty Replacement; Bone Screws

I ntroduction

Since the development of medical thought there
has been a tendency not only to preserve the general
health but also to improve human function of move-
ment in order to achieve security, functionality, speed,
esthetics, economy because moving means to live.

In case of the development of pathological changes
which make movement difficult or impossible, the

Figure 1. X-ray of the pelvis and hip joints
Slika 1. Rendgenski snimak karlice i zglobova kuka

SaZetak

Najjednostavniji i najsigurniji put do novih saznanja i napretka mo-
guc je ako se primeni multidisciplinarni nauéni pristup. Resavanje
odredenih pojava, degenerativne promene, povrede ili oboljenja
kostano-zglobnog sistema Coveka moguce je primenom implantata.
U Novom Sadu, proizvodnja i klinicka primena spoljasnjih fiksato-
rapocela je 1985. godine, a proizvodnja i ugradnja totalne cementne
endoproteze zgloba kuka 1987. godine. Time se Jugoslavija pridru-
zila visokorazvijenim zemljama sa proizvodnjom implantata, koji i
danas pretstavljaju proizvodnju visoke tehnologije. Proizvodnja i
ugradnja totalne cementne endoproteze kolena pocela je 1996. go-
dine. Godine 1998. pocinje proizvodnja implantata i komplentnog
instrumentarijuma za ugradnju vijaka za ligamentoplastiku zgloba
kolena, dok proizvodnja i ugradnja ankera za ligamentoplastiku
ramena pocinje tek 2004. godine.

Kljuc¢ne reci: spoljasnji fiksatori; proteze i implanti; zglob
kuka; zglob kolena; artroplastika; vijci

application of appropriate methods of rehabilitation,
surgical methods or transplants, implants or pro-
sthetic system makes it possible to re-establish nor-
mal functioning of the musculoskeletal system of a
human body and thus enable movement. We have
to know and believe that normal functioning of the
musculoskeletal system can be reconstructed and
reestablished by the application of appropriate me-
asures and resources that are available, as well as
by developing new ones. The hip joint is certainly
one of the most important joints of the locomotor
system as it allows ambulation, especially upright
walk, which isone of the important characteristics
that distinguish the human population from the rest
of vertebrates.

Of all the joints in the body, the hip joint is most
commonly affected by degenerative changes, inju-
ries or illness, thus it undergoes the most numerous,
most likely, and most successful surgical procedu-
resintheworld (Figure 1).

“Carry each other’s burdens, and so fulfill the
law of Christ.” Galatians 6:2; Paul the Epistle to the
Galatians, the Gospel of Christian Freedom and
Obedient Holy Love and Charity.

Modern medicine facesincreasing demands for
re-establishment of the function of human organs

21000 Novi Sad, Bulevar Vojvode Stepe 6, E-mail: grujicigrujicns@gmail.com
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Figure 2 a. Degenerative changes of hip joint
Slika 2 a. Degenerativne promene zgloba kuka

that have been damaged by degenerative changes
(Figure 2 a), diseases (Figure 2 b), or injuries (Fi-
gure 2 c). A complication on the skeletal system can
be managed by applying implants, which presents
agold standard.

The gpplication of theimplant and prosthetic com-
ponents fulfills an old medical aspiration to replace a
damaged part of the human body both functionally
and esthetically. Modern computer software allows
modeling of implants and prosthetic components, per-
forming calculations and verifications, preparation of
codes and simulation of its functionality for producti-
on with computer-controlled machines. This software
is known as CAD/CAM systems [1].

All this serves to enable normal life and work of
the users of implants and prosthetic elements.

According to modern research [2] a half million
hip replacements are done in 15 developed countri-
es of Western Europe per year, which is statistically
131 surgeries per 100,000 people. If that could be
converted for Serbia for approximately 6,000,000
residents, the expected number of surgically in-
stalled hip endoprostheses would be 60x131=7860.
The reason for this upward trend of total number of
implanted hip endoprostheses, as a result of impro-
ved communication between surgeon and patient,
can be found in the following:

— Improved diagnostics

Figure 2 b. Proximal femur tumor
Slika 2 b. Maligno oboljenje proksimalnog dela butne kosti

Figure 2 c. Injury, femoral neck bone dislocation
Slika 2 c. Povreda, prelom vrata butne kosti

Improved surgical conditions
Improved surgical technique
Improved training of surgeons-orthopedists
Increased number of surgeon-orthopedist
— Extended life expectancy and the elderly must
receive appropriate medical care
In Novi Sad, in the period from 1987 to 2005 year,
3,850 hip endoprostheses (total cemented endoprosthe-
ses) were produced, which were surgically installed in
the Socialist Federal Republic of Yugoslavia (SFRJ)
and Federal Republic of Yugoslavia (SRJ) [3].

Material and Methods

The idea to produce medical equipment, especially
hip joint endoprosthesis, which was then called an
artificia hip or hip prosthesis or prosthesis of the hip,
was promoted by Dr Branko Secerov, an orthopedist,
at the beginning of the 1980s. He first worked at the
Department of Orthopedics and Traumatology, Novi
Seg and then moved to Germany in the mid-seventies,
where he successfully performed orthopedic trauma
surgeries. With the help of German company “Mec-
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Figure 3. Uro$ Mandi¢, Director
Slika 3. Uros Mandi¢, Direktor

kron”, he designed acemented hip joint endoprosthe-
sswith centralizer. He easly convinced the former
genera director of “DES’ company, Novi Sad, Uros
Mandic, BScin Economics (Figure 3) to start produ-
cing implants for purposes of dentistry, traumatology
and orthopedicsin Novi Sad.

The development and organization of production
of the hip endoprosthesis was initiated in 1982. It took
the leading position in the mid-term plans for period
1986-1990 of the company “DES”, Novi Sad, on the
basis of the decision made by the work council No.
10844 on 14.10.1986 [4]. This decision was supported
by all departments of “DES”, the Municipality of Novi
Sad and Province of Vojvodina. It was accepted by all
famous orthopedists who participated in JUOT in
Novi Sad in 1986 and most of the clinics and hospitals
from all over Yugoslavia. One could say it was a Yu-
goslavian program since many business entities from
all over the country participated in its realization.

Figure4. Prof. dr Jovan Krajéinovié¢
Slika 4. Prof. Dr. Jovan Krajcinovi¢
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External fixator

Having specialized at the Department of Ortho-
pedics and Traumatology in Novi Sad, Prof. Dr.
Jovan Krgjcinovic (Figure4) went to Paris in 1972
to get sub-specialization with the scholarship gran-
ted by the French government. There he noted the
importance of surgical treatment in orthopedics. He
became aware of the need of multidisciplinary
approach in orthopedics, including implant produc-
tion and its installation. When he became Chief of
the Department of Orthopedics and Traumatology
1981-1998, he tried to share his knowledge in Novi
Sad. In partnership with Jelena Stankov, PhD, Fa-
culty of Technical Sciences, Novi Sad, he initiated
a project on the construction of external fixator
according to the “Hoffman” within a graduation the-
sis to be done at the Institute for Mechanical Engi-
neering. Production of the fixator was offered to the
company “Jugodent”, Novi Sad, the manufacturer of
medical devices and equipment for dentistry. Unfor-
tunately, they were not interested in this program.
Thanksto theinitiative of directors of the company
“DES’, Uros Mandic and Vladimir Krklec (Figure
5), and with the consent of the Chief of the Depar-
tment of Orthopedics and Traumatology Prof. Dr.
Jovan Krajicinovic, an agreement was made between
the Institute of Surgery, Faculty of Medicine, Novi
Sad and the company “DES”, Novi Sad in 1984. It

Figure5. Vladimir Krklec, Director of Metalac Company
Slika 5. Viadimir Krklec, direkor JUR Metalac
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Figure 6. Jovan Grujic dipl.ing
Slika 6. Jovan Gruji¢

was based on mutual cooperation on production and
clinical testing of medical devices.

Mr. Jovan Grujié, anengineer (Figure 6), wasin
charge of development of technical and technologi-
cal documentation of production and control of me-
dical devices for the company “DES” Novi Sad.
During 1984 a complete technological documenta-
tion and samples of external fixator were made
according to the system “Hoffman”. Manufacturing
and clinical application began in 1985. In the me-
antime, the controls of biocompatibility of materials
and technologies of the production of implants and
needles for the external fixator were provided.

From the material intended for the production of
implants, screw-like test tubes were made and embed-
ded into the animal bone (Figure 7) at the Department
of Experimental Surgery within the Ward for Ortho-
pedics and Traumatology in Sremska Kamenica. This
building used to be the Children’s Sanatorium for
Bone Tuberculosis, and it was founded by Dr. Kathe-
rine Macphail Stuart, a Scottish physician, a great
friend and benefactor of our people.

Figure 7. X-ray of tubes embedded into the bone of an
animal
Slika 7. Rendgenski snimak ugradenih epruveta u kost Zi-
votinje

As aresult of war conflicts in former Yugoslavia
and the influx of refugees, this building was con-
verted into a collective accommodation for the re-
ception of refugees in 1993. Since then it has not
been in use for the needs of orthopedics and trau-
matology and experimental surgery.

After three to four months the animals were sa-
crificed. The necessary pathological-histological
analysis of the surrounding bone and soft tissue was
made at the Department of Pathology and the Insti-
tute for Mechanical Engineering, Faculty of Techni-
cal Sciences, Novi . Research of metallic mate-
rial incorporated into the animal bone was conducted
to identify any possible changes. Thanks to the po-
sitive results, the Institute for Surgery prepared a
“report on testing physical and biological effects of
metallic material implanted into the animal bone.”

As aresult of this research Prof. Dr. Jovan Kraj-
cinovic, Faculty of Medicine Novi Sad and Mr. Jo-
van Grujic, from the company “DES”, Novi Sad did
a study about production of external fixator.

On the basis of this study, Prof. Dr. Jovan Kraj-
¢inovic, wrote the first book “External Fixation” in
Serbian language.

The hip endoprosthesis

TYPE: KPD 1

Production of external fixator per the “Hoffman”
system took place according to the desired schedu-
le. Prof Dr Jovan Krgjcinovic proposed and develo-
ped the design for total cemented endoprosthesis of
the hip joint (Figure 8 a). Mr. Jovan Grujic made
the structure (Figure 8 b) and prepared technology
for production of total cemented hip arthroplasty
called KPDLI (hip prosthesis “DES” model 1). Ca-
sting in vacuum from super alloy CoCrMo was done
in LPO Ada. Final processing of stem (body) of en-
doprosthesis, head and acetabular cup, as well as
final verifi cation and packaging were done by the
company “DES”, Novi Sad. The production of the

a

Figure 8 a) Model FBL1 endoprosthesis, b) installed
endoprosthesis KPD1

Slika 8. a) Model KPDI endoproteza, b) ugradena en-
doproteza KPDI
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Figure 9 a. Partial endoprosthesis “Austin Moore,” pro-
duced by “DES”
Slika 9 a. Parcijalna endoproteza “Ostin Mur” proizve-

dena u DES-u
7
7

Figure 9 b. Tumor endoprosthesis, type “Custom Made”,
produced in Novi Sad from 1989 t01993 year.

Slika 9 b. Tumorska endoproteza Custom Made koja se
proizvodila u Novom Sadu 1989-1993 god.

F ]

total cemented endoprosthesis of the hip joint was
carried out during 1986 and 1987 followed by appro-
priate marketing promotions. In September 1987,
since the assessment had positive verification, the
first cemented total hip endoprosthesis produced in
Novi Sad was installed in human body. Implantati-
on was done by Prof. Dr. Jovan Krajcinovic, at the
Department of Orthopedics and Traumatology. Few
daysafter theingtallation in Novi Sad, Prof. Dr. Zika
Jovanovic installed the second cemented total hip
endoprosthesis type KPDI1 at the Military Medical
Academy in Belgrade. Soon after, all clinics and
hospitals in Yugoslavia began to install the total ce-
mented hip endoprosthesis KPD 1 of domestic pro-
duction. In order to promote marketing a film, who-
se synopsis was written by Grujic Jovan, was made
about the production of total cemented endoprosthe-
ses, The film, directed by Prvoslav Maric, Radio
Television of Vojvodina Novi Sad, was broadcast by
Yugoslav Radio Television (JRT) on three occasions
after the national news “Dnevnik” on Sunday. Se-
veral more models of total hip joint endoprosthesis
were developed in cooperation with Prof. Dr. Jovan
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Krajcinovic, as well as partial “Austin Moore” en-
doprosthesis (Figure 9 a) which were successfully
produced and incorporated all over SFRJ.

“Custom made” type endoprosthesis

Application of resection tumor endoprosthesis
in reconstructive surgery after removal (extractions)
of bone tumors, made according to “Custom Made”
or modular “Ready Made” types, is a safe procedu-
re and the “gold standard”. In 1989 Prof. Dr. Jovan
Krajcinovic, designed a tumor endoprosthesis type
“Custom Made” (Figure 9 b). Four endoprostheses
of this type were produced that year and and in-
stalled by Dr. Mika Tubic, MD and Prof. Dr. Jovan
Krajcinovic. One prosthesis was a revision due to
loss of bone density of proximal part of the femur
as a complication of previously installed endopro-
sthesis of the hip joint.

Thekneejoint endoprosthesis

Production of total cemented knee joint endo-
prosthesis began in 1995 within the cooperation
between the Department of Orthopedics and Trau-
matology, Novi Sad especially Prof. Dr. Goran Er-
cegan, and Dr. Aleksandar Lazetic, and the compa-
ny “Grujic & Grujic”. Tools for precise casting of
endoprosthesis of the knee joint were made in two
sizes: 58 and 64. Precise vacuum casting was done
in“LPO" Adaand thefinal processing and produc-
tion of insole and patella made of polyethylene took
place in the company “Grujic & Grujic”, Novi Sad.
The production program also included the revision
knee joint endoprosthesis with extended stem for
femoral and tibia component (Figure 10). Most of
the knee joint endoprostheses produced in Novi Sad
were installed by Prof. Dr. Goran Ercegan. About
40 knee joint endoprostheses were produced and
installed in the period from 1995 to 2005.

Implantsfor ligament
Screws for ligamentoplasty of the knee joint

Design, construction and production of screw for
ligamentoplasty for the knee joint were performed in

Figure 10. Revison knee endoprosthesis with extended
stem a) implant, b) indication and installed endo-
prosthesis of the knee joint

Slika 10. Reviziona endoproteza kolena sa produzenim
stemom: @) implantat, b) indikacija i ugradena endopro-
teza zgloba kolena
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a b

Figure 11. Screw for ligamentoplasty a) with rounded
tops, b) with sharp peaks

Slika 11. Vijak za ligamentoplastiku: a) sa zaobljenim
vrhovima, b) sa ostrim vrhovima

the company “Grujic & Grujic” Novi Sad during 1998
in cooperation with the Department of Orthopedics
and Traumatology in Novi Sad, at the request of Prof
Dr Mirodav Milankov. It was intended for anterior
cruciate ligament injuries. The first model was made
according to the type “Kurosaki” with sharp peaks of
thethread (Figur e 11), with aspecific screw profilein
shape of olive for easier and more reliable application
of bone-tendon-bone method during installation. The
design was modified and the screw with rounded tops
was made in order to increase reliability and decrease
complications during installation. All instruments ne-
cessary for installation were produced, for both open
and arthroscopic method of installation. Several instru-
ments and devices were innovative and they were re-
gistered in Patent Office. In the period from 1998 to
2016 around 500 ligamenoplasties were done and aro-
und 7000 ligament screws were installed in Novi Sad.
The material used for the production was of stainless
steel 316LVM and titanium Ti6A14V “ELI”.

Screws for ligamentoplasty of the shoulder joint

Production of screws for ligamentoplasty of sho-
ulder joint and instruments for their arthroscopic
installation began in 1999 as the business and tech-
nical cooperation between IOHB “Banjica” (Dr Ivan
Diklic was in charge) and the company “Grujic &
Grujic” Novi Sad. Production of screws for ligamen-
toplasty of the shoulder joint and complete instru-
ments for open and arthroscopic installation began
to increase in 2005 when Dr Srdjan Ninkovic from
the Department of Orthopedics and Traumatology
Novi Sad opted for sub-specialization in diagnosis
and surgical treatment of shoulder.

Results

As the consequences of the war that led to disin-
tegration of Yugoslavia in the early 1990s, and es-
pecially in the presence of uncontrollable high in-
flation which resulted in high prices of imported
materials and low-cost finished products, the com-
pany “DES” had to discontinue production of me-
dical materials and implants thus ending the idea of
directors Uros Mandic and Prof. Dr. Jovan Krgjci-
novic and the whole team that the company “DES’
should become a major production system of medi-
cal materials, especially of endoprosthesis. The
company “DES” ceased the production in 1993, in
the time of economic sanctions in Yugoslavia. A
few small companies emerged especially in Serbia
and they had more or less successful production of
medical devices for the needs of orthopedics and
traumatology. Their production was based on the
experience gained in the company “DES’ Novi Sad
and “LPO” Ada, and it might be said that “DES”
was the school for manufacturing implants.

Discussion

The externd fixator and implants, total cemented
hip endoprosthesis, partia hip joint prostheses, total
cemented knee joint endoprosthes's, screws for liga-
mentoplasty of knee and shoulders joints, as well as
the instrumentation required for their installation, whi-
ch were designed at the Department of Orthopedics
and Traumatology Novi Sad, and produced by com-
panies “DES” and “Grujic & Grujic” Novi Sad, repre-
sent high technology products. Good clinical results,
affordable price and expediency of production were
not sufficient for its intensification and expansion.
Thanks to the cooperation among the Department of
Orthopedics and Traumatology, the company “Grujic
& Grujic” Novi Sad, and the Faculty of Technical Sci-
ences, Novi Sad several research projects and patent
solutions were realized, scientific studies were pu-
blished and master’s theses were defended (Grujic
Jovan, Srdjan Ninkovic, Natasa Janjic), as well as doc-
toral theses (Natasa Miljkovic, Srdjan Ninkovic, Na-
tasa Janjic, Vladimir Harhaji).

Conclusion

The cooperation among the Department of Or-
thopedics and Traumatology, Novi Sad, the Faculty
of Technical Sciences and companies engaged in
the production, i.e. “DES”, Novi Sad and “Grujic &
Grujic”, Novi Sad resulted in the realization of the
idea of good manufacturing of implants on scienti-
fic principles.
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CONTRIBUTION FROM HISTORY OF MEDICINE
PRILOG |Z ISTORIJE MEDICINE

Short History of Development of Orthopedic
Surgery and Traumatology in Novi Sad, written by
Dr. Dorde Gusman, is hereby published for the first
time after 1979 and for the very first time in English
as the expression of our deep respect for the tradi-
tion and those whose names were mentioned in this
booklet.

We are grateful to everybody, especially Prim.
Dr. Gusman.

Orthopedic surgeons of Novi Sad

Gusman D. Short History of Orthopedic Surge-
ry and Traumatology in Novi Sad (Kratak istorijat
razvoja Ortopedske hirurgije i traumatologije u Novom
Sadu). Novi Sad: Serbian National Theater; 1979.

Orthopedic surgery began to develop in Novi
Sad in the 1930s. Since there were no specialists in
orthopedics in this region at that time, surgeons of
other specialties dealt with orthopedic problems.
Thus, Dr. Jakov Vuji¢, Dr. Pravdica, Dr. Holender
and Dr. Brezovski, who were distinguished doctors
of that time, treated orthopedic patients either at the
Surgical Ward of the General Hospital or within
their private practice.

One of the milestones in further development of
this medical discipline in that period was the founda-
tion of Children’s Sanatorium for the Treatment of
Bone Tuberculosis in Sremska Kamenica in 1934. A
well-known benefactor of our people, Dr. Katherine S.
Macphail used the money donated by Lord Hyde and
the Canadian Red Cross and succeeded in buying a
piece of land in Sremska Kamenica on a beautiful slo-
pe of Fruska Gora with a lot of sunshine and fresh air
good for treating bone tuberculosis. A hospital-sanato-
rium was built there and it is still used for treating or-
thopedic patients. This health resort was in operation
until the beginning of the World War II and was reo-
pened in 1945 when Dr. Macphail returned to Sremska
Kamenica and had the dilapidated buildings restored.
Dr. Macphail stayed there until 1947, when this hospi-
tal was nationalized but remained active in treatment
of bone tuberculosis in children under the supervision
of Prof. Dr. Svetidav Stojanovic and other doctorsfrom
the Department of Orthopedic Surgery and Traumato-
logy from Belgrade until 1963 when it was affiliated
to the newly founded Hospital in Novi Sad.

In the period from the end of the World War |1
until 1956, there was a small section within the I
Surgical Ward of the General Provincial Hospital.
This section with 10 beds was used to perform or-
thopedic surgeries in a very narrow range but in
accordance with the contemporary conditions and
demands. Since this section was run by general sur-
geons, i.e. residents supervised by one of the speci-

alists, the whole activity was mostly reduced to
managing injuries to bones and joints or their con-
servative treatment. The rest of orthopedic surgery
was neglected, which is understandable when it is
known that there was not a single orthopedist in
Novi Sad at that time.

Such a range of activities was sufficient for the
post-war period; however, it soon became evident
that the ever growing demands could not be satisfied.
The first step in solving this problem was made in
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Figure 1. The photograph of Dr. Katherine Macphail
and the memorial plaque placed on the Building of Ward
for Orthopedics and Traumatology in Sremska Kameni-
ca. Dr. Katherine Stuart Macphail was born in Scotland
in 1881 and died in 1974 in St Andrews, Scotland. In
December 1914, she went to Thessaloniki with the
Scottish Women’s Hospital and later came to Serbia at
war, where she devoted herself to treating the wounded
and ill people. After the World War | she went to Bel-
grade, where she organized several hospitals and in 1934
she moved to Sremska Kamenica

Slika 1. Fotografija i spomen ploca dr Katherine Mac-
phail u Zgradi Ortopedsko-traumatoloskog odeljenja u
Sremskoj Kamenici. Dr Katherine Macphail rodena je
1881. godine u Skotskoj, a umrla je 1974. godine u gradu
St. Andrews u Skotskoj. Decembra 1914. godine dolazi
sa bolnicom skotskih zena u Solun, a kasnije u zaracenu
Srbiju gde predano radi na lecenju ranjenih i obolelih.
Po zavrsetku I svetskog rata dolazi u Beograd gde je bila
organizator nekoliko bolnica i gde radi do 1934. godine,
kada prelazi u Sremsku Kamenicu
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Figure 2. The building of Children’s Sanatorium for the
Treatment of Bone Tuberculosis in Sremska Kamenica
Slika 2. Zgrada bivseg Decjeg lecilista za kostanu tu-
berkulozu u Sremskoj Kamenici.

October 1956, when orthopedic surgery was separated
from the Surgical Ward and became independent Ward
for Orthopedics and Traumatology, whose first head
was Dr. Vladimir Razenj. Thus, the conditions were

Figure 3. Prof. Dr. Svetislav Stojanovi¢ (born on No-
vember 28, 1895 — died on July 16, 1974 in Belgrade)
visiting Sremska Kamenica in 1968

Slika 3. Prof. dr Svetislav Stojanovi¢ (roden 28. novem-
bra 1895. godine, umro 16. jula 1974. god. u Beogradu)
prilikom jedne posete Sremskoj Kamenici 1968. godine.

Contribution from History of Medicine

created for further development of orthopedic service
in Novi Sad.

This Children’s Sanatorium for the Treatment of
Bone Tuberculosis was established by Dr. Katherine
Stuart Macphail M.D.St. Andrews — Scotland in 1934,
the benefactor of our people, as the token of English-
Yugoslav friendship. This memorial plaque is placed
to celebrate the twentieth anniversary. Sremska Kame-
nica on 22" of September, 1954

The beginnings of the newly founded Ward were
very modest. It was not easy to organize the complete
medical service (both for out- and in-patients) with
three doctors (one specialist and two residents) and
about 40 beds. However, thanks to the good organiza-
tion and enthusiasm of this small team, which included
20 members, the Ward overcame the initial difficulties
and weaknesses successfully and became what it was
intwo yearstime.

In the middle of 1958 Dr Vladimir Razenj moved
from Novi Sad, leaving behind a well-organized ser-
vice in full operation. However, since he was not
only the head of the Ward but the only specialist,
his departure endangered normal functioning of the
Ward and a solution to this problem had to be found
fast. And it was indeed found fast thanks to under-
standing and active support of the late Prof. Dr.
Svetislav Stojanovi¢, contemporary manager of the
Department of Orthopedic Surgery and Traumato-

Figure4. Dr. Vladimir Razenj
Slika 4. Dr. Viladimir Razenj
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logy in Belgrade. Prof. Dr. Zivojin Bumbagirevi¢,
Prof. Dr. Djordje Milosevi¢, Prof. Dr. Branko Ra-
dulovi¢ and Prof. Dr. Cvetko Raki¢, who were then
young specialists and assistant lecturers at the Fa-
culty of Medicine in Belgrade, and now distingu-
ished and leading experts in orthopedic surgery,
took turns in coming to Novi Sad and stayed for 2
months to perform the duties of the head of the ward
and thus enabled continuous functioning of the
‘Ward until the end of 1959, when a new head of the
Ward was elected. It was Dr. Dobrivoje Gradista-
nac, who was then assistant lecturer at the Faculty
of Medicinein Belgrade. Being an excellent expert
and organi zer, he led the Ward into its second pha-
se of development. The number of beds rose from
40 to 80, the number of doctors increased from 3 to
6 and later to 7, thus widening the scope of work.
When the Faculty of Medicine was established
in Novi Sad in 1961, the former General Provincial
Hospital became the Clinical Hospital with depar-
tments and institutes instead of former wards. Thus
the Department of Surgical Diseases was formed in
1963 and it included previously independent wards:
surgical, orthopedic-traumatology and urological
ward. Further development of surgical service cre-
ated the conditions aswell asthe necessity for ope-
ning new wards such as the Ward for Reanimation

Figure 5. Prim. Dr. Dobrivoje Gradistanac (born on
March 13, 1915 — died on July 16, 1969)

Slika 1. Prim. dr Dobrivoje Gradistanac (roden 13. mar-
ta 1915. god., umro 16. jula 1969. god).
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Figure 6. The Ward for Orthopedics and Traumatology
within the Clinical Center in Novi Sad

Slika 6. Zgrada Ortopedsko-traumatoloskog odeljenja
u klinickom krugu u Novom Sadu.

and Anesthesia, Children’s Surgical Ward, Neuro-
surgical Ward, Ward for Plastic and Reconstructive
Surgery and the Ward for Maxillo-facial Surgery.
There have been only minor changes to this orga-
nizational scheme so far.

When the Department of Surgical Diseases was
formed in 1963, the former Ward for Orthopedics and
Traumatology was divided into two separate units: the
Ward for Orthopedics and the Ward for Traumatology.
In the same year, Dr. Dobrivoje Gradistanac left Novi
Sad and Dr. Milenko Dosen became the head of the
Ward for Orthopedics and Dr. Stojan Leti¢ was appo-
inted the head of the Ward for Traumatology. Both
wards were situated in the same building which was
given to this Department when the Department of
Gynecology and Obstetrics was moved to another lo-
cation. The ground floor with about 30 beds was within
the Ward for Orthopedics and the first floor with abo-
ut 45 beds was allocated to the Ward for Traumatology.
Each Ward had its own operating room under the same
roof, and the emergency medical service was within
the Emergency Service of the Department and outpa-
tient service was shared with the united specialist po-
lyclinic.

In addition, the former Children’s Sanatorium for
the Treatment of Bone Tuberculosis in Sremska Ka-
menica was affiliated to these two wards, thus the
Ward for Orthopedics got 30 beds and the rest of
beds were given to the Ward for Traumatology.

Such an organizational division into two wards
lasted for more than 12 years. The two wards deve-
loped during that period, each in its own domain.
A considerable number of young specialists were
educated in the meantime, one of who became the
doctor of medical science, the first one from the
field of orthopedic surgery. Having defended his
doctoral thesis, Dr. Milenko DoSen was elected
Associate Professor at the Faculty of Medicine at
the beginning of 1971 and he started teaching ort-
hopedics at the Faculty of Medicine.
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Figure 7. Prof. Dr. Svetislav Stojanovi¢ and Prof. Dr.
Milenko Dosen, visiting Novi Sad in 1968

Slika 7. Prof. dr Svetislav Stojanovi¢ u drustvu sa prof,
dr Milenkom Dosenom prilikom jedne posete Novom
Sadu 1968. godine.

Due to the increasing demands and further de-
velopment of thismedical discipline, these two War-
ds merged into one, the Ward for Orthopedics and
Traumatology within the Department of Surgical
Diseases. It happened in June, 1975 and Dr. Milen-
ko Dosen was appointed its chief. Dr. DoSen was
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Figure 8. Staff members of the Ward for Orthopedics
and Traumatology in Sremska Kamenice and Prof Dr
Svetislav Stojanovi¢ during his last visit in 1968

Slika 8. Osoblje Ortopedsko-traumatoloskog odeljenja
u Sremskoj Kamenici 1968. godine kada je ovo odeljenje
po poslednji put posetio prof. dr Svetislav Stojanovic.

Contribution from History of Medicine

elected Full Professor of Orthopedic Surgery at the
Faculty of Medicine in Novi Sad in June 1978.

The capacity of the Ward for Orthopedicsand Tra-
umatology is 140 beds, 77 beds are in the building on
the hospital ground and 33 beds are in Sremska Ka-
menica. In order to achieve better performance and to
improveits development, the Ward isdivided into six
sections whose heads are Prim. Dr. Djordje Gusman,
Dr. Aleksandar Jovanovi¢, Assist. Prof. Jovan Krajci-
novi¢, Prim. Dr. Branko Laki¢, Assist. Prof. dr. Zeli-
mir Miki¢ and Dr Dragoslav Stani¢. There are four
more orthopedists (Dr Milutin Fratucan, Assist. Lec-
turer Dr. Djordje Janji¢, Dr. Vladislav Stoji¢ and Dr.
Stevan Vukadinovic), one physiatrist (Dr. Deze Szep)
as well as six residents (Dr. Vucko Ciri¢, Dr. Goran
Ercegan, Dr. Aleksandar Mili¢i¢, Dr. Tibor Somer, dr.
Vladimir Sarcev and Dr. Milo§ Tubi¢). Several resi-
dents specidizingin other disciplinesaso cometo the
Ward on a regular basis to perform their duties. Apart
from doctors there are 71 employees of various profi-
les, including 5 nurses with high school diploma and
20 nurses with secondary school diploma, 2 physiot-
herapists, 9 orthopedic cast technicians as well as 7
clerks, 4 hospital orderlies, 8 hospital food service
workers and 14 cleaners.

The Ward for Orthopedics and Traumatogy is the
teaching basis of the Faculty of Medicine and it inclu-
des one full professor, 2 assistant professors and one
assistant lecturer. It js also the basis for specialization
in orthopedics. Dr. Zelimir Miki¢ was the first doctor
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Figure 9. Medical Staff of the Ward for Orthopedics and
Traumatology — September 1979. Sitting from left to
right: Dr. Aleksandar Jovanovi¢, Assist Prof. Dr. Zelimir
Mikié, Prim. Dr. BPorde Gusman, Prof. Dr. Milenko Do-
Sen, Prim. Dr. Branko Laki¢, Assist Prof. Dr. Jovan Kraj-
¢inovi¢, Dr. Dragan Stani¢; standing from left to right:
Dr. Milutin Fratucan, Dr. Goran Ercegan, Dr. Vuc¢ko
¢iri¢,Ddr Stevan Vukadinovi¢, Assist Lecturer Dr. Por-
de Janji¢, Dr. Vladislav Stoji¢, Dr. Milo$ Tubi¢, Dr. Vla-
dimir Sarcev, Dr. Tibor Somer and Dr. Deze Szep.
Slika 9. Kolegijum Ortopedsko-traumatoloskog odeljenja
septembra meseca 1979. godine. Sede (sa leva na desno):
dr Aleksandar Jovanovié, doc. dr Zelimir Mikic, prim, dr
Dorde Gusman, prof, dr Milenko DoSen, prim, dr Branko
Laki¢, doc. dr Jovan Krajcinovié, dr Dragan Stanié; sto-
Je (sa leva na desno): dr Milutin Fratucan, dr Goran Er-
cegan, dr Vucko ciric, dr Stevan Vukadinovic, asist. dr
Dorde Janji¢, dr Viadislav Stojic, dr Milo§ Tubi¢, dr Vla-
dimir Sarcev, dr Tibor Somer i dr Deze Szep.
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who passed the specidist examination in orthopedics
on February 28, 1969 in front of the newly-formed
examination board, and since that day there has been
a great number of residents coming from Vojvodina
and other parts of our country who have taken this
examination at the Ward.

In addition to rendering health care service and
teaching, doctors working at this Ward perform s--
gnificant scientific research and publicizing activi-
ties. There are 3 doctors of medical science at the
Ward and 3 master theses are being done as well as
several research and experimental projects.

When the Department of Surgical Diseases was
established in 1963, the service of the Ward for Ort-
hopedics and Traumatology was divided into the part
for treating adults and the part for treating children
which is affiliated to the Institute of Maternal and
Child Health as the Ward for Children’s Surgery, whe-
re two orthopedists, Assistant Professor Dr. Dusan
Paji¢ and Dr. Stevan Veselinov, perform surgeries.

With its versatile and intensive activities, the
Ward for Orthopedics and Traumatology in Novi
Sad has significantly contributed to the develo-
pment of this servicein Vojvodina. In order to pro-
mote this service even further, the Section for Or-
thopedic Surgery and Traumatology was founded
on May 21, 1971 within the Society of Physicians
of Vojvodina. Nowadays, the Section has 53 mem-
bers, whose activities are remarkable.

At the present moment, the Ward for Orthopedics
and Traumatology is at another important turning
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point since the procedure of separating this Ward from
the Department of Surgical Diseases is under way and
this Ward is about to become an independent Depar-
tment of Orthopedic Surgery and Traumatology affi-
liated to the Faculty of Medicine in Novi Sad.

This reorganization will be followed by the ge-
neral adaptation and restoration of the building on
the hospital ground which will have 60 beds, recep-
tion desk for emergencies and two operating thea-
ters with state-of-the-art equipment. In addition, the
new polyclinic building within the Clinical Center
is under construction which will provide this servi-
ce with 650 m? of modernly equipped space besides
60 beds in the old building of the Children’s Sana-
torium in Sremska Kamenica, which was fully re-
stored in 1976.

The newly-established Department of Orthope-
dic Surgery and Traumatology will thus have all the
necessary conditions for its activities and further
development of orthopedic surgery in Novi Sad.

Thisisashort history of the development of or-
thopedics in this region which started 45 years ago,
running from a small ward established 23 years ago
to a modern university department. At the end of
this short review of the development of orthopedic
surgery in Novi Sad I feel obliged to offer my apo-
logies to all those who have not been mentioned
here by name but who have contributed greatly to
all these achievements.



Rehabilitation team of the Department of Orthopedic Surgery and Traumatology
Rehabilitacioni tim Klinike za ortopedsku hirurgiju i traumatologiju
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UPUTSTVO ZA AUTORE

Casopis Medicinski pregled objavljuje radove koji prethod-
no nisu objavljeni niti poslati u drugi ¢asopis. U Casopisu mogu
biti objavljeni radovi iz razli¢itih oblasti biomedicine, koji su
namenjeni lekarima razli¢itih specijalnosti.

Od 1. januara 2013. godine Medicinski pregled je po¢eo da
koristi usluge e-Ur — Elektronskog uredivanja ¢asopisa. Svi
korisnici sistema — autori, recenzenti i urednici, moraju biti
registrovani korisnici sajednom elektronskom adresom.

Korisnici Casopisa treba da se registruju na adresi:

http://aseestant.ceon.rs/index.php/medpreg/user/register

Prijava rada treba da se ucini na adresi:

http://aseestant.ceon.rs/index.php/medpreg/

U postupku prijave neophodno je da se posalje saglasnost i
izjava autora i svih koautora da rad nije delimi¢no ili u celini
objavljen ili prihvac¢en za Stampu u drugom Casopisu.

Elektronsko uredivanje ¢asopisa obezbeduje koriséenje sis-
tema CrossCheck, koji prijavljene radove automatski proverava
na plagijarizam i autoplagijarizam. Autori ne bi smeli da posa-
lju isti rad u vise Casopisa istovremeno. Ukoliko se to desi,
glavni urednik ¢asopisa Medicinski pregled ima pravo darad
vrati autorima bez prethodnog slanja rada na recenziju; da od-
bije Stampanje rada; da se obrati urednicima drugih casopisa u
koje je rad poslat ili da se obrati direktoru ustanove u kojoj su
autori rada zaposleni.

Primaju se samo radovi koji su napisani na engleskom je-
ziku, uz sazetak rada i naslov rada koji treba da budu napisani
na engleskom i srpskom jeziku.

Radove koji su pristigli u asopis Medicinski pregled preg-
leda jedan ili vise ¢lanova Uredivackog odbora Casopisa. Oni
radovi koji su napisani prema pravilima Casopisa 3alju se na
anonimnu recenziju kod najmanje dva recenzenta, strué¢njaka
iz odgovarajuce oblasti biomedicine. Nacinjene recenzije rado-
va pregleda glavni urednik ili ¢lanovi Uredivackog odbora i
one nisu garancija da ¢e rad biti prihvacen za Stampu. Materi-
jal koji je pristigao u Casopis ostaje poverljiv dok se rad nalazi
na recenziji, a identitet autora i recenzenata su zasti¢eni, osim
u slucaju ako oni odluce drugacije.

U casopisu Medicinski pregled objavljuju se: uvodnici, ori-
ginalni ¢lanci, prethodna ili kratka saopstenja, pregledni ¢lanci,
struéni ¢lanci, prikazi slucajeva, ¢lanci iz istorije medicine i
drugi ¢lanci.

1. Uvodnici — do 5 strana. Sadrze misljenja ili diskusiju o
posebno znacajnoj temi za Casopis, kao i o podacima koji su
Stampani u ovom ili nekom drugom ¢asopisu. Obic¢no ih pise
jedan autor po pozivu.

2. Originalni ¢lanci — do 12 strana. Predstavljaju rezultate
istrazivanja autora rada i njihovo tumacenje. Istrazivanje treba
da bude obradeno i izloZeno na nacin da se moze ponoviti, a
analiza rezultata i zakljucci jasni da bi se mogli proveriti.

3. Pregledni ¢lanci — do 10 strana. Predstavljaju sistematsko,
sveobuhvatno i kriticko izlaganje problema na osnovu analizi-
ranih i diskutovanih podataka iz literature, a koji oslikavaju po-
stojecu situaciju u odredenom podrucju istrazivanja. Literatura
koja se koristi u radu mora da sadrzi najmanje 5 radova autora
¢lanka iz uze naucne oblasti koja je opisana u radu.

4. Prethodnaiili kratka saopStenja — do 4 strane. Sadrze
izuzetno vazne nauéne rezultate koje bi trebalo objaviti u §to
kra¢em vremenu. Ne moraju da sadrze detaljan opis metodo-
logije rada i rezultata, ali moraju da imaju sva poglavlja kao ori-
ginalni ¢lanci u sazetoj formi.

5. Struéni €lanci — do 10 strana. Odnose se na proveru ili
prikaz prethodnog istrazivanja i predstavljaju koristan izvor za
Sirenje znanja i prilagodavanja originalnog istrazivanja potre-
bama postojece nauke i prakse.

6. Prikazi sluc¢ajeva — do 6 strana. Opisuju retke sluéajeve
iz prakse. Sli¢ni su stru¢nim ¢lancima. U ovim radovima pri-

kazuju se neuobicajeni oblici i tokovi oboljenja, neocekivane
reakcije na primenjenu terapiju, primene novih dijagnosti¢kih
procedura ili retke i nove bolesti.

7. Clanci iz istorije medicine — do 10 strana. Ovi ¢lanci opi-
suju dogadaje iz proslosti sa ciljem da omoguée o¢uvanje me-
dicinske i zdravstvene kulture. Imaju karakter stru¢nih ¢lanaka.

8. Ostali ¢lanci — U casopisu Medicinski pregled objavlju-
ju se feljtoni, prikazi knjiga, izvodi iz strane literature, izve-
Staji sa kongresa i struénih sastanaka, saopstenja o radu poje-
dinih zdravstvenih organizacija, podruznica i sekcija, saopste-
nja UredniStva, pisma Uredni$tvu, novosti u medicini, pitanja
i odgovori, strucne i staleSke vesti i ¢lanci napisani u znak
se¢anja (In memoriam).

Pripremarukopisa

Kompletan rukopis, ukljucujuéi tekst rada, sve priloge i
propratno pismo, treba poslati na elektronsku adresu koja je
prethodno navedena.

Propratno pismo:

—mora da sadrzi izjavu svih autora da se radi o originalnom
radu koji prethodno nije objavljen niti prihvacen za Stampu u
drugim ¢asopisima;

— autori svojim potpisom preuzimaju odgovornost da rad
ispunjava sve postavljene uslove i da ne postoji sukob interesa i

— autor mora navesti kategoriju ¢lanka (originalni rad, pre-
gleni rad, prethodno saopstenje, strucni rad, prikaz slu¢aja, rad
iz istorije medicine, itd.).

Rukopis

Opé&ta uputstva

Tekst rada treba da bude napisan u programu Microsoft
Word za Windows, na A4 formatu stranice (sve Cetiri margine
2,5 cm), proreda 1,5 (isto vazi i za tabele), fontom Times New
Roman, veli¢inom slova 12 pt. Neophodno je koristiti meduna-
rodni sistem mernih jedinica (S7), uz izuzetak temperature (°
C) i krvnog pritiska (mmHg).

Rukopis treba da sadrzi slede¢e elemente:

1. Naslovna strana

Naslovna strana treba da sadrzi: kratak i saZet naslov rada,
bez skracenica, skraceni naslov rada (do 40 karaktera), imena
i prezimena autora (ne viSe od 6) i afilijacije svih autora. Na dnu
strane treba da piSe ime, prezime i titula autora zaduzenog za
korespondenciju, njena/njegova adresa, elektronska adresa, broj
telefonai faksa

2. Sazetak

Sazetak ne moze da sadrzi vise od 250 reci niti skracenice.
Treba da bude strukturisan, kratak i sazet, sa jasnim pregledom
problema istrazivanja, ciljevima, metodama, znacajnim rezul-
tatima i zakljuccima.

Sazetak originalnih i stru¢nih ¢lanaka treba da sadrzi uvod
(sa ciljevima istrazivanja), materijale i metode, rezultate i za-
kljucak.

Sazetak prikaza slucaja treba da sadrzi uvod, prikaz slucaja
i zakljucak.

Sazetak preglednih ¢lanaka treba da sadrzi Uvod, podnas-
love koji odgovaraju istima u tekstu i Zakljucak.

Navesti do 10 klju¢nih reci ispod sazetka. One su pomo¢
prilikom indeksiranja, ali autorove kljuéne rec¢i mogu biti iz-
menjene u skladu sa odgovaraju¢im deskriptorima, odnosno
terminimaiz Medical Subject Headings, MeSH.

Sazetak treba da bude napisan na srpskom i engleskom je-
ziku. Sazetak na srpskom jeziku trebalo bi da predstavlja pre-
vod sazetka na engleskom, Sto podrazumeva da sadrzi jednake
delove.

3. Tekst ¢lanka

Originalni rad treba da sadrzi slede¢a poglavlja: Uvod (sa
jasno definisanim ciljevima istrazivanja), Materijal i metode,
Rezultati, Diskusija, Zakljucak, spisak skracenica (ukoliko su




koris¢ene u tekstu). Nije neophodno da se u posebnom poglav-
lju rada napise zahvalnica onima koji su pomogli da se istrazi-
vanje uradi, kao i da se rad napise.

Prikaz slucaja treba da sadrzi slede¢a poglavlja: Uvod (sa
jasno definisanim ciljevima), Prikaz slu¢aja, Diskusija i Za-
kljucak.

Uvod

U poglavlju Uvod potrebno je jasno definisati predmet istra-
zivanja (prirodu i znacaj istrazivanja), navesti znacajne navode
literature i jasno definisati ciljeve istrazivanja i hipoteze.

Materijal i metode

Materijal i metode rada treba da sadrze podatke o vrsti stu-
dije (prospektivna/retrospektivna, uslove za ukljucivanje i
ogranicenja studije, trajanje istrazivanja, demografske podatke,
period pracenja). Detaljno treba opisati statisticke metode da
bi ¢itaoci rada mogli da provere iznesene rezultate.

Rezultati

Rezultati predstavljaju detaljan prikaz podataka koji su do-
bijeni istrazivanjem. Sve tabele, grafikoni, sheme i slike moraju
biti citirani u tekstu rada i oznaceni brojevima po redosledu
njihovog navodenja.

Diskusija

Diskusija treba da bude koncizna, jasna i da predstavlja
tumacenje i poredenje rezultata studije sa relevantnim studija-
ma koje su objavljene u domacoj i medunarodnoj literaturi. U
poglavlju Diskusija potrebno je naglasiti da li su postavljene
hipoteze potvrdene ili nisu, kao i istaknuti znacaj i nedostatke
istrazivanja.

Zakljucak

Zakljucci moraju proisteéi iskljucivo iz rezultata istraziva-
nja rada; treba izbegavati uopstene i nepotrebne zakljucke.
Zakljucci koji su navedeni u tekstu rada moraju biti u saglasno-
sti sa zakljuccima iz Sazetka.

4. Literatura

Potrebno je da se literatura numerise arapskim brojevima
redosledom kojim je u tekstu navedena u parentezama; izbega-
vati nepotrebno velik broj navoda literature. Casopise bi treba-
lo navoditi u skra¢enom obliku koji se koristi u Index Medicus
(http://iwww.nlm.nih.gov/tsd/serials/lji.html). Pri citiranju lite-
rature koristiti Vankuverski sistem. Potrebno je da se navedu
svi autori rada, osim ukoliko je broj autora veéi od Sest. U tom
slu¢aju napisati imena prvih Sest autora praceno sa et al.

Primeri pravilnog navodenja literature nalaze se u nastavku.

Radovi u ¢asopisima

* Standardni rad

Ginsberg JS, Bates SM. Management of venous thromboembo-
lism during pregnancy. J] Thromb Haemost 2003;1:1435-42.

* Organizacija kao autor

Diabetes Prevention Program Research Group. Hypertension,
insulin, and proinsulin in participants with impaired glucose to-
lerance. Hypertension 2002;40(5):679-86.

* Bez autora

21st century heart solution may have a sting in the tail. BMJ.
2002;325(7357):184.

* Volumen sa suplementom

Magni F, Rossoni G, Berti F. BN-52021 protects guinea pig
from heart anaphylaxix. Pharmacol Res Commun 1988;20 Suppl
5:75-8.

* Sveska sa suplementom

Gardos G, Cole JO, Haskell D, Marby D, Pame SS, Moore P.
The natural history of tardive dyskinesia. J Clin Psychopharmacol
1988:8(4 Suppl):31S-37S.

* Sazetak u ¢asopisu

Fuhrman SA, Joiner KA. Binding of the third component of
complement C3 by Toxoplasma gondi [abstract]. Clin Res
1987;35:475A.

Knjige i druge monografije
% Jedan ili viSe autora

Murray PR, Rosenthal KS, Kobayashi GS, Pfaller MA. Me-
dical microbiology. 4th ed. St. Louis: Mosby; 2002.

* Urednik (urednici) kao autor (autori)

Danset J, Colombani J, eds. Histocompatibility testing 1972.
Copenhagen: Munksgaard, 1973:12-8.

* Poglavlje u knjizi

Weinstein L, Shwartz M N. Pathologic properties of invading
microorganisms. In: Soderman WA Jr, Soderman WA, eds. Patho-
logic physiology: mechanisms of disease. Philadelphia: Saunders;
1974. p. 457-72.

* Zbornik radova sa kongresa

Christensen S, Oppacher F. An analysis of Koza’s computa-
tional effort statistic for genetic programming. In: Foster JA, Lu-
tton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic progra-
mming. EuroGP 2002: Proceedings of the 5th European Confe-
rence on Genetic Programming; 2002 Apr 3-5; Kinsdale, Ireland.
Berlin: Springer; 2002. p. 182-91.

* Disertacija

Borkowski MM. Infant sleep and feeding: a telephone survey
of Hispanic Americans [dissertation]. Mount Pleasant (MI): Cen-
tral Michigan University; 2002.

Elektronski materijal

* Clanak iz asopisa u elektronskom formatu

Abood S. Quality improvement initiative in nursing homes:
the ANA acts in an advisory role. Am J Nurs [Internet]. 2002 Jun
[cited 2002 Aug 12];102(6):[about 1 p.]. Available from: http:/www.
nursingworld.org/AJN/2002/june/ Wawatch.htmArticle

* Monografija u elektronskom formatu

CDI, clinical dermatology illustrated [monograph on CD-
ROM]. Reevs JRT, Maibach H. CMEA Multimedia Group, pro-
ducers. 2nd ed. Version 2.0. San Diego:CMEA;1995.

* Kompjuterska datoteka

Hemodynamics III: the ups and downs of hemodynamics [com-
puter program]. Version 2.2. Orlando (FL): Computerized Educa-
tional Systems; 1993.

5. Prilozi (tabele, grafikoni, shemei slike)

BROJ PRILOGA NE SME BITI VECI OD SEST!

Tabele, grafikoni, sheme i slike se postavljaju kao posebni
dokumenti.

— Tabele i grafikone bi trebalo pripremiti u formatu koji je
kompatibilan programu u kojem je napisan tekst rada. Slike bi
trebalo poslati u jednom od sledec¢ih oblika: JPG, GIF, TIFF,
EPS.

— Svaki prilog mora biti obelezen arapskim brojem prema
redosledu po kojem se navodi u tekstu rada.

— Naslovi, tekst u tabelama, grafikonima, shemama i legen-
de slika bi trebalo da budu napisani na srpskom i engleskom
jeziku.

— Nestandardne priloge oznaciti u fusnoti uz koris¢enje
slede¢ih simbola: * §, £, §, |, 9, ** T, L 1.

— U legendi slika trebalo bi napisati koris¢eno uvelicanje
okulara i objektiva mikroskopa. Svaka fotografija treba da ima
vidljivu skalu.

— Ako su tabele, grafikoni, sheme ili slike ve¢ objavljene,
navesti originalni izvor i priloziti pisano odobrenje autora za
njihovo koris¢enje.

— Svi prilozi ¢e biti Stampani kao crno-bele slike. Ukoliko
autori zele da se prilozi Stampaju u boji, obavezno treba da
plate dodatne troskove.

6. Dodatne obaveze

AUTORI | SVI KOAUTORI RADA OBAVEZNO TREBA
DA PLATE GODISNJU PRETPLATU ZA CASOPIS MEDI-
CINSKI PREGLED. U PROTIVNOM, RAD NECE BITI
STAMPAN U CASOPISU.




INFORMATION FOR AUTHORS

Medical Review publishes papers (previously neither pub-
lished in nor submitted to any other journals) from various
fields of biomedicine intended for broad circles of doctors.

Since January 1, 2013 the Medical Review has been using
the service e-Ur: Electronic Journal Editing. All users of the
Registration system, i.e. authors, reviewers, and editors have
to be registered users with only one e-mail address. Registration
should be made on the web address:

http://aseestant.ceon.rs/index.php/medpreg/user/register.

Manuscript submission should be made on the web address:

http://aseestant.ceon.rs/index.php/medpreg/

A SUPPLEMENTARY FILE, WITH THE STATEMENT
THAT THE PAPER HASNOT BEEN SUBMITTED OR AC-
CEPTED FOR PUBLICATION ELSEWHERE AND A CON-
SENT SIGNED BY ALL AUTHORS, HAVE TO BE EN-
CLOSED WITH THE MANUSCRIPT.

Authors may not send the same manuscript to more than
one journal concurrently. If this occurs, the Editor may return
the paper without reviewing it, reject the paper, contact the
Editor of the other journal(s) in question and/or contact the
author’s employers.

Papers should be written in English language, with an abstract
and title page in English, as well as in Serbian language.

All papers submitted to Medical Review are seen by one or
more members of the Editorial Board. Suitable articles are sent to
at least two experts to be reviewed, thier reports are returned to the
assigned member of the Editorial Board and the Editor. Revision
of an article gives no guarantee of acceptance and in some cases
revised articles are rejected if the improvements are not sufficient
or new issues have arisen. Material submitted to the Journal re-
mains confidential while being reviewed and peer-reviewers’ iden-
tities are protected unless they elect to lose anonymity.

Medical Review publishes the following types of articles:
editorials, original studies, preliminary reports, review articles,
professional articles, case reports, articles from history of
medicine and other types of publications.

1. Editorials—up to 5 pages — convey opinions or discus-
sions on a subject relevant for the Journal. Editorials are com-
monly written by one author by invitation.

2. Original studies— up to 12 pages — present the authors’
own investigations and their interpretations. They should contain
data which could be the basis to check the obtained results and
reproduce the investigative procedure.

3. Review articles — up to 10 pages — provide a condensed,
comprehensive and critical review of a problem on the basis of
the published material being analyzed and discussed, reflecting
the current situation in one area of research. Papers of this type
will be accepted for publication provided that the authors confirm
their expertise in the relevant area by citing at least 5 self-cita-
tions.

4. Preliminary reports— up to 4 pages — contain scientific
results of significant importance requiring urgent publishing;
however, it need not provide detailed description for repeating
the obtained results. It presents new scientific data without a
detailed explanation of methods and results. It contains all parts
of an original study in an abridged form.

5. Professional articles—up to 10 pages — examine or repro-
duce previous investigation and represent a valuable source of
knowledge and adaption of original investigations for the needs
of current science and practice.

6. Case reports — up to 6 pages — deal with rare casuistry
from practice important for doctorsin direct charge of patients
and are similar to professional articles. They emphasize unu-
sual characteristics and course of a disease, unexpected reac-
tions to a therapy, application of new diagnostic procedures and
describe a rare or new disease.

7. History of medicine —up to 10 pages — deals with history
with the aim of providing continuity of medical and health care
culture. They have the character of professional articles.

8. Other types of publications — The journal also publishes
feuilletons, book reviews, extracts from foreign literature, re-
ports from congresses and professional meetings, communica-
tions on activities of certain medical institutions, branches and
sections, announcements of the Editorial Board, letters to the
Editorial Board, novelties in medicine, questions and answers,
professional and vocational news and In memoriam.

Preparation of the manuscript

The complete manuscript, including the text, all supplemen-
tary material and covering letter, is to be sent to the web address
above.

The covering letter:

— It must contain the proof given by the author that the
paper represents an original work that it has neither been previ-
ously published in other journals nor is under consideration to
be published in other journals.

— It must confirm that all the authors meet criteria set for
the authorship of the paper, that they agree completely with the
text and that there is no conflict of interest.

— It must state the type of the paper submitted (an original
study, a review article, a preliminary report, a professional ar-
ticle, a case report, history of medicine).

The manuscript:

General instructions.

Use Microsoft Word for Windows to type the text. The text
must be typed in font Times New Roman, page format A4, space
1.5 (for tables as well), margins set to 2.5 cm and font size 12pt.
All measurements should be reported in the metric system of the
International System of Units — SI. Temperature should be ex-
pressed in Celsius degrees (°C) and pressure in mmHg,.

The manuscript should contain the following elements:

1. Thetitle page.

The title page should contain a concise and clear title of the
paper, without abbreviations, then a short title (up to 40 characters),
full names and surnames of the authors (not more than 6) indexed
by numbers corresponding to those given in the heading along
with the full name and place of the institutions they work for.
Contact information including the academic degree(s), full ad-
dress, e-mail and number of phone or fax of the corresponding
author (the author responsible for correspondence) are to be given
at the bottom of this page.

2. Summary.

The summary should contain up to 250 words, without ab-
breviations, with the precise review of problems, objectives,
methods, important results and conclusions. It should be struc-
tured into the paragraphs as follows:

— Original and professional papers should have the introduc-
tion (with the objective of the paper), materials and methods,
results and conclusion

— Case reports should have the introduction, case report and
conclusion

— Review papers should have the introduction, subtitles cor-
responding to those in the paper and conclusion.

The authors should provide up to 10 keywords below the
summary. These keywords will assist indexers in cross-indexing
the article and will be published with the summary, but the
authors’ keywords could be changed in accordance with the list
of Medical Subject Headings, MeSH of the American National
Medical Library.

The summary should be written in both languages, English
as well as Serbian. The summary in Serbian language should
be the translation of the summary in English; therefore, it has
to contain the same paragraphs.




3. The text of the paper.

The text of original studies must contain the following: in-
troduction (with the clearly defined objective of the study),
materials and methods, results, discussion, conclusion, list of
abbreviations (if used in the text) and not necessarily, the ac-
knowledgment mentioning those who have helped in theinves-
tigation and preparation of the paper.

The text of a case report should contain the following: in-
troduction (with clearly defined objective of the study), case
report, discussion and conclusion.

Introduction contains clearly defined problem dealt with
in the study (its nature and importance), with the relevant refer-
ences and clearly defined objective of the investigation and
hypothesis.

Materials and methods should contain data on design of
the study (prospective/retrospective, eligibility and exclusion
criteria, duration, demographic data, follow-up period). Statis-
tical methods applied should be clear and described in details.

Results give a detailed review of data obtained during the
study. All tables, graphs, schemes and figures must be cited in
the text and numbered consecutively in the order of their first
citation in the text.

Discussion should be concise and clear, interpreting the
basic findings of the study in comparison with the results of
relevant studies published in international and national litera-
ture. It should be stated whether the hypothesis has been con-
firmed or denied. Merits and demerits of the study should be
mentioned.

Conclusion must deny or confirm the attitude towards the
Obased solely on the author’s own results, corroborating them.
Avoid generalized and unnecessary conclusions. Conclusions
in the text must be in accordance with those given in the sum-
mary.

4. References are to be given in the text under Arabic nu-
merals in parentheses consecutively in the order of their first
citation. Avoid a large number of citations in the text. The title
of journals should be abbreviated according to the style used
in Index Medicus (http:/www.nlm.nih.gov/tsd/serials/lji.html).
Apply Vancouver Group’s Criteria, which define the order of
data and punctuation marks separating them. Examples of cor-
rect forms of references are given below. List all authors, but if
the number exceeds six, give the names of six authors followed
by ‘et al’.

Articles in journals

* A standard article

Ginsberg JS, Bates SM. Management of venous thromboembo-
lism during pregnancy. J] Thromb Haemost 2003;1:1435-42.

* An organization as the author

Diabetes Prevention Program Research Group. Hypertension,
insulin, and proinsulin in participants with impaired glucose toler-
ance. Hypertension 2002;40(5):679-86.

* No author given

21st century heart solution may have a sting in the tail. BMJ.
2002;325(7357):184.

* A volume with supplement

Magni F, Rossoni G, Berti F. BN-52021 protects guinea pig
from heart anaphylaxix. Pharmacol Res Commun 1988;20 Suppl
5:75-8.

* An issue with supplement

Gardos G, Cole JO, Haskell D, Marby D, Pame SS, Moore P.
The natural history of tardive dyskinesia. J Clin Psychopharmacol
1988;8(4 Suppl):31S-37S.

* A summary in a journal

Fuhrman SA, Joiner KA. Binding of the third component of com-
plement C3 by Toxoplasma gondi [abstract]. Clin Res 1987;35:475A.

Books and other monographs

* One or more authors

Murray PR, Rosenthal KS, Kobayashi GS, Pfaller MA. Me-
dical microbiology. 4th ed. St. Louis: Mosby; 2002.

* Editor(s) as author(s)

Danset J, Colombani J, eds. Histocompatibility testing 1972.
Copenhagen: Munksgaard, 1973:12-8.

* A chapter in a book

Weinstein L, Shwartz M N. Pathologic properties of invading
microorganisms. In: Soderman WA Jr, Soderman WA, eds. Patho-
logic physiology: mechanisms of disease. Philadelphia: Saunders;
1974. p. 457-72.

* A conference paper

Christensen S, Oppacher F. An analysis of Koza’s computa-
tional effort statistic for genetic programming. In: Foster JA, Lut-
ton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic program-
ming. EuroGP 2002: Proceedings of the Sth European Conference
on Genetic Programming; 2002 Apr 3-5; Kinsdale, Ireland. Berlin:
Springer; 2002. p. 182-91.

* A dissertation and theses

Borkowski MM. Infant sleep and feeding: a telephone survey
of Hispanic Americans [dissertation]. Mount Pleasant (MI): Cen-
tral Michigan University; 2002.

Electronic material

* A journal article in electronic format

Abood S. Quality improvement initiative in nursing homes:
the ANA acts in an advisory role. Am J Nurs [Internet]. 2002 Jun
[cited 2002 Aug 12];102(6):[about 1 p.]. Available from: http://
www.nursingworld.org/AJN/2002/june/ Wawatch.htmArticle

* Monographs in electronic format

CDI, clinical dermatology illustrated [monograph on CD-
ROM]. Reevs JRT, Maibach H. CMEA Multimedia Group, pro-
ducers. 2nd ed. Version 2.0. San Diego:CMEA;1995.

* A computer file

Hemodynamics III: the ups and downs of hemodynamics [com-
puter program]. Version 2.2. Orlando (FL): Computerized Educa-
tional Systems; 1993.

5. Attachments (tables, graphs, schemesand photographs).

THE MAXIMUM NUMBER OF ATTACHMENTS AL-
LOWED IS SIX!

— Tables, graphs, schemes and photographs are to be submit-
ted as separate documents, on separate pages.

— Tables and graphs are to be prepared in the format com-
patible with Microsoft Word for Windows programme. Photo-
graphs are to be prepared in JPG, GIF, TIFF, EPS or similar
format.

— Each attachment must be numbered by Arabic numerals
consecutively in the order of their appearance in the text

— The title, text in tables, graphs, schemes and legends must
be given in both Serbian and English languages.

— Explain all non-standard abbreviations in footnotes using
the following symbols *, 1, £, § [ |, 9, ** T 1, £ & .

— State the type of color used and microscope magnification
in the legends of photomicrographs. Photomicrographs should
have internal scale markers.

— If a table, graph, scheme or figure has been previously
published, acknowledge the original source and submit written
permission from the copyright holder to reproduce it.

— All attachments will be printed in black and white. If the
authors wish to have the attachments in color, they will have
to pay additional cost.

6. Additional requirements

SHOULD THE AUTHOR AND ALL CO-AUTHORS
FAIL TO PAY THE SUBSCRIPTION FOR MEDICAL RE-
VIEW, THEIR PAPER WILL NOT BE PUBLISHED.




