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Abstract 
 
Background/Aim. Pelvic ring fractures are complex injuries 
and are often associated with internal organs injuries. These in-
juries require rapid and accurate diagnosis and in some cases 
one or more surgical interventions. The aim of this retrospec-
tive study is to describe the indications and outcomes of surgi-
cal treatment of pelvic ring injuries with the emphasis on ana-
tomical reconstruction and stable osteosynthesis as a prerequi-
site for early mobilization and more favorable functional out-
comes. Methods. In the period from 2006 to 2012, fifty-five 
patients with pelvic ring injuries with or without acetabular 
fractures were analyzed. The average age of all patients was 36 
years. Forty-one patients were treated with operational open 
reduction and internal fixation (ORIF) while nine of them were 
treated nonoperatively (bed rest, skeletal traction and external 
fixation). Results. All operated patients were treated within 3-
24 days with ORIF, stable osteosynthesis and early mobili-
zation which resulted in avascular necrosis (AVN) of the femo-
ral head in two cases. AVN of the femoral head was noted in 
five cases in combined and isolated pelvic ring injuries and ace-

tabulum which were treated with skeletal traction. Neurological 
deficit was recorded in three patients treated with conservative 
methods while two patients underwent ORIF. Deep vein 
thrombosis (DVT) was noted in two patients and pulmonary 
thromboembolism appeared in one patient 23 days after surgi-
cal intervention. Two infections occurred around Steinman 
pins in the patients who had the definitive treatment performed 
with external fixator. In one patient treated with ORIF a super-
ficial infection occurred and was treated with antibiotics. The 
functional results were evaluated based on Merle d'Aubigné 
score. The results of the radiography treatment were analyzed 
according to Slatis. Conclusion. Strict application of rational 
criteria and surgical technique with stable internal fixation with 
early mobilization provide significantly better outcomes of the-
se injuries in relation to non surgical treatment or treatment 
with definitive external fixation.  
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Apstrakt 
 
Uvod/Cilj. Povrede karličnog prstena su kompleksne povrede 
udružena sa povredama unutrašnjih organa. Ove povrede zah-
tevaju brzu i tačnu dijagnozu i u nekim slučajevima jednu ili 
više hirurških intervencija. Cilj ove retrospektivne studije je bio 
da opiše indikacije i ishode hirurškog lečenja povreda karličnog 
prstena sa akcentom na anatomsku rekonstrukciju i stabilnu 
osteosintezu, kao preduslov za ranu mobilizaciju i povoljniji 
funkcionalni rezultat. Metode. U periodu od 2006. do 2012. 
god. analizirano je 55 bolesnika sa povredom karličnog prstena, 
sa i bez preloma acetabuluma. Prosečna starost svih bolesnika 
je bila 36 godina. Operativno otvorenom repozicijom i inter-
nom fiksacijom (ORIF) lečen je 41 bolesnik, a devetoro njih 
neoperativno (lečeni su mirovanjem, skeletnom ekstenzijom i 
spoljašnjom fiksacijom). Rezultati. Svi operisani bolesnici treti-
rani su unutar 3–24 dana ORIF stabilnom osteosintezom i ra-
nom mobilizacijom. Kao posledica, pojavila se avaskularna ne-
kroza (AVN) glave femura kod dva slučaja. AVN glave femura 
je zabeležena kod pet slučajeva kod kombinovanih i izolovanih 

povreda karličnog prstena i acetabuluma, koji su lečeni skelet-
nom ekstenzijom. Neurološki deficit je zabeležen kod trojice 
lečenih konzervativnim metodama i kod dvojice operisanih 
ORIF. Duboka venska tromboza (DVT) je konstatovana kod 
dva bolesnika, a plućna tromboembolija kod jednog operisanog 
i to 23 dana posle hirurške intervencije. Desile su se dve infek-
cije oko Stajmanovih klinova kod bolesnika kod kojih je defini-
tivno lečenje provedeno spoljašnjim fiksatorom. Kod jednog 
bolesnika tretiranog ORIF nađena je površna infekcija koja je 
sanirana primenom antibiotika. Funkcionalni rezultati su pro-
cenjeni na osnovu M. d'Aubigné skora. Rezultati lečenja putem 
radiografije analizirani su prema Slatis-u. Zaključak. Striktna 
primena racionalnih kriterijuma i hirurška tehnika sa stabilnim 
internim fiksacijama uz ranu mobilizaciju daju značajno bolje 
ishode ovih povreda u odnosu na neoperativni tretman ili tret-
man sa definitivnom spoljašnjom fiksacijom. 
 
Ključne reči: 
karlica; prelomi; ortopedske procedure; prelom, 
otvorena redukcija; osteosinteza; lečenje, ishod. 



Vol. 76, No 1 VOJNOSANITETSKI PREGLED Page 37 

Kezunović M, Bulatović N. Vojnosanit Pregl 2019; 76(1): 36–41. 

Introduction 

Pelvic ring fractures are complex injuries and are often 
associated with internal organs injuries. These fractures are 
among the most severe injuries which often happen in traffic 
accidents, sometimes with significant consequences. These 
injuries require rapid and accurate diagnosis, and in some 
cases, one or more surgical interventions 1. 

Good estimate of general life threat and classification of 
injury is very important in these patients as well as the acute 
treatment of injuries. At this stage of treatment, the first pri-
ority is to save the life of a patient by applying appropriate 
reanimation procedures with a temporary stabilization of the 
pelvic ring (external fixator, C - ram, etc.), and appropriate 
surgical interventions of other system, if necessary (head, 
abdomen, chest, etc.). After stabilizing the general and he-
modynamic status, it is necessary to pass on to the definitive 
treatment of these injuries in the period up to 4 weeks 2. 

Stability of all articulations is given through three fac-
tors: bone stability, stability of capsular ligaments soft tissue 
and dynamic stability of muscle structures (minimum contri-
bution). The sacrum is the "cornerstone" for bone stability of 
the pelvic ring when the ligament apparatus is intact. Sacro-
iliac ligaments are the most important for the stability of the 
posterior segment. There are various opinions (classifica-
tions) on defining zones of pelvic ring instability. Some are 
focused on the instability and some on the cause of injury: 
classifications by Tile 3 and March et al. 4. 

The decision on operative treatment is made only after 
quality and adequate diagnosis. When admitting a patient to 
the emergency services, it is important to determine the 
mechanism and severity of the injury. That primarily refers 
to the assessment of pelvic ring deformity, length and rota-
tion of extremities as well as the assessment of soft tissue 
condition when physical examination of the patient is per-
formed. Radiographic examination includes standard imag-
ing of the pelvic ring (antero-posterior – AP profile, inlet and 
outlet), and in the case when acetabulum injury is suspected, 
two semi-angled images are also made 5. 

For preoperative planning, timing is very important. 
Due to associated injuries, a good coordination of more spe-
cialties is necessary: the extremities, neurosurgical, abdomi-
nal, urological, etc. For stabilization of hemodynamic insta-
bility a C-clamp/ external fixator, sheet or pelvic binder must 
be applied, and must be removed for definitive treatment, 
usually within a period of 5-7 days after the injury 5, 6. 

The choice of surgical approach also includes an ade-
quate selection of the position of a patient, a repositioning 
technique and fixation of fractures in accordance with all 
biomechanics osteosynthesis principles. For reduction and 
fixation of fractures of the pelvic ring, the specific instru-
mentation and the appropriate set of osteosynthetic material 
is necessary (osteosynthetic material adequate for the injury 
– reconstruction plates and titanium material are used; they 
provide firmness to external and internal forces of rotation 
and movement) 7. 

Pelvic ring injuries with dislocations and signs of insta-
bility are treated surgically since conservative treatment 

gives poor results in these cases. Surgery can be performed 
openly, percutaneously or can be combined. Open techniques 
provide better visualization and easier fixation, but their dis-
advantages are the risk of infection, blood loss, possible sur-
gical soft tissue injuries and large scars 7. Percutaneous tech-
niques are increasingly applied due to less surgical traumati-
zation of tissue and blood loss, having as a disadvantage the 
increasing radiation exposure to both patients and health care 
personnel. The combination of the open and percutaneous 
approach is a good choice, especially if a stabilization of the 
pelvic ring in more places is needed 8, 9. 

In preventing complications, it is most important to rec-
ognize soft tissue injuries, to avoid incisions through com-
promised tissue, to use the appropriate osteosynthetic mate-
rial and be careful when placing implants 10, 11. 

In the end, the outcome of the treatment will be signifi-
cantly more favorable. 

Methods 

In the period from 2006 to 2012, fifty-five patients with 
pelvic ring injuries with or without acetabular fractures were 
analyzed. The average age of all patients was 36 years. For-
ty-one (74.5%) patients were operationally treated and four-
teen (25.5%) non-operatively. Fourty-one patients who un-
derwent open reduction and internal fixation (ORIF), stable 
osteosynthesis and early mobilization constituted the first 
group (Figure 1), and fourteen patients who were only treat-
ed with bed rest, skeletal traction and external fixation are 
classified in the second group (Group II). 

 

 
Fig.1 – Vertical and rotational instability  

of the pelvic ring [computed tomography (CT)]. 
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In all cases computed tomography 3D (CT 3D) recon-
struction was performed which significantly helped us in de-
fining the instability of the pelvic ring. The indication for 
surgery was given based on the degree of pelvic ring instabil-
ity determined according to Marvin Tile classification 3. Ac-
cording to this classification, the representation of patients 
was: type A – 26%, type B – 44% and type C – 30%. 

Regarding a form of associated injuries with other sys-
tems, it could be seen that there were 19.2% head injuries, 
14.8 % abdominal injuries, 11.4% thorax injuries, 5.6% 
spine injuries and 49.0% extremity injuries. 

Preoperatively, all patients were given a low dose anti-
coagulant therapy to prevent blood clotting. Sometimes, 
magnetic resonance venography (MRV) was performed in 
order to determine the existence of a possible blood clot in 
the veins of the injured pelvic ring or extremities. 

Stabilization of the pelvic ring with a C-clamp or exter-
nal fixator must be performed before eventual laparotomy, or 
other surgical procedures of any region. After stabilizing the 
hemodynamic status in the period of up to 4 weeks, we made 
a decision on definitive open reduction and internal fixation 
of the injured pelvic ring. 

There were 27 (49.1%) isolated pelvic ring injuries. 
According to the gender structure, 19 were in men and 8 in 
women of the average age of 35 years. The average number 
of operations per patient was 1.3. 

According to the definitive treatment method, ORIF 
with one or more plates was performed in twenty-one pa-
tients, stabilization was definitely completed by external fix-
ator in four patients and two patients were definitely treated 
with skeletal traction (Case 1: Figures 1 and 2). 

a) 

b) 

Fig. 2 – a) Primarily fixed C – clamp;  
b) Definitive osteosynthesis. 

There were 28 (50.9%) combined pelvic ring and ace-
tabulum injuries of which 19 in the male patients, 9 in the 
female patients of the average age of 37 years. The average 
number of surgeries in this group of patients was 1.8. Ac-
cording to the method of treatment, three patients were defi-
nitely treated with skeletal traction, only two with bed rest, 
while twenty-three patients were definitely internally stabi-
lized with one or more plates and free screws. The patients 
who were not treated surgically had comorbidities or refused 
surgery (Case 2: Figures 3 and 4), (Case 3: Figures 5–8). 

 

 

 
Fig. 3 – The instability of the anterior and posterior  

segment of the pelvic ring associated with an  
acetabular fracture and the lower part of the  

femoral head (Pipkin fracture – Type IV). 
 

 
Fig. 4 – Definitive osteosynthesis open reduction  

and internal fixation (ORIF) combined with  
the percutaneous technique. 



Vol. 76, No 1 VOJNOSANITETSKI PREGLED Page 39 

Kezunović M, Bulatović N. Vojnosanit Pregl 2019; 76(1): 36–41. 

 
Fig. 5 – Posterior pelvic ring segment instability 

[computed tomography-3D (CT – 3D)]. 
 

 
Fig. 6 – Denis II sacral fracture with  

acetabular fracture. 
 

 
Fig. 7 – Definitive osteosynthesis. 

 

 
Fig. 8 – Functional outcomes 8 months after injury. 

Postoperatively, all patients received anticoagulation 
therapy for the period of up to 6 weeks. In the beginning, 
pain management includes analgesics. In severe cases, the 
patient-controlled analgesia (PCA) pump was used, and 
therefore there was no danger that the patient receives too 
much pain medication. The average period of postoperative 
follow-up in the patients was 16 months (range of 6–36 
months). For more objective assessment of functional clini-
cal results of our patients, the following scoring was used: 
pain, daily life activities, a range of motion, power (PARP) – 
according to the Modified Merle d'Aubigné and Postel scor-
ing system. The outcomes of treating the patients by using 
radiography were analyzed according to Slatis 6, 12.  

Results 

Analyzing the outcomes of isolated pelvic ring frac-
tures, treatment in those who, in our series of patients, be-
sides the unstable pelvic fracture had an acetabular injury, 
the assessment of the clinical functional status was made by 
using the Merle d'Aubigne and Postel scoring system (Table 
1) 6. According to the methods of medical treatment, the pa-
tients were divided into two groups: the first group com-
prised the patients treated by stable osteosynthesis with 1, 2 
or more reconstruction plates and free screws. The second 
group comprised the patients treated by bed rest, skeletal 
traction or external fixator (Tables 2 and 3). 

 
Table 1 

Numerical strength of isolated pelvic ring injuries and 
combined acetabulum and pelvic ring injuries 

Injuries Group I 
(n) 

Group II 
(n) 

Total (n) 

Pelvis 18 9 27 

Pelvis/acetabulum 23 5 28 

Total 41 14 55 

Group I – patients treated by stable osteosynthesis 
Group II – patients treated by bed rest, skeletal fraction or 
extenal fixator. 
 

Table 2 

Analysis of the functional status outcomes 

Outcomes Group I (%) Group II (%) 

Pain 19 55 

Activities 87 40 

ROM 63 33 

Power 94 61 

ROM – range of motion. 
For explanation see under Table 1. 

 
Our results in the Table 3 showed that the radiological 

outcomes were better in the group I (p < 0.03). The analysis 
of radiological outcomes was evaluated based on distance 
between fragments at an anterior or a posterior pelvic ring 
segment as follows: excellent from 0–5 mm, good 6–8 mm, 
satisfactory 9–11 mm and and poor from 12 mm and above. 
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Table 3 

Radiologic outcomes 

Radiologic outcomes  Group* 
Excellent Good Satisfactory Poor 

Group I, n (%) 20 (48.8) 12 (29.3) 6 (14.6) 3 (7.7) 
Group II, n (%) 2 (13.3) 1 (6.7) 3 (20.0) 9 (60.0) 
  p < 0.03   

The outcome of radiography treatment – Slatis. 
For explanation see under Table 1.  

 
Three patients who were treated with external fixation 

or traction had a neurological deficit at the L4, L5 and S1 
levels, while three of them recovered during the follow-up 
within the average period of 16–36 months. The sensory def-
icit in levels S1-S2 roots was isolated in two patients treated 
by stable osteosynthesis, one at multifragmental sacral frac-
ture, type Denis zone 2 fracture. Two patients treated con-
ventionally and with traction and only one treated with stable 
osteosynthesis had a deep vein thrombosis (DVT). Poor con-
solidation and re-dislocation of the fracture was observed in 
five cases where the treatment included external fixation or 
skeletal traction. Avascular necrosis (AVN) of the femoral 
head occurred in two patients with unstable osteosynthesis 
treated with screw and traction, and in only one treated with 
stable fixation. Sexual dysfunction was not recorded in any 
group of the patients. Three patients from the Group I and 
one from the Group II had ectopic ossification (Table 4). 

 
Table 4 

Numerical strength of complications in both groups 

Complications 
*Group I 

(n) 
*Group II 

(n) 
DVT 1 2 
Pulmonar trhomboemboli 1 0 
AVN 2 5 
Infection 0 2 
Ectopic. ossifikation 1 3 
Sexual disfunction 0 0 
Neurological deficit 2 3 
Nonunion 0 1 
Malposition 0 3 
Symphyseal fusion 1 0 
Pelvic obliquity 0 2 

AVN – avascular necrosis; DVT – deep vein thrombosis. 
*For explantion see under Table 1. 

Discussion 

Unstable pelvis and acetabulum fractures require defini-
tive stabilization since the injury itself and the type of surgi-
cal procedure directly affect the subsequent quality of pa-
tients' lives. Two-thirds of these injuries were from road traf-
fic accidents, primarily involving motorcyclists and pedestri-
ans, and only then involving the other traffic participants. 
One third was caused by a fall from height, most often to 
construction workers 2, 13. 

Pelvic fractures are the result of the force of high inten-
sity and if associated with the injuries of extremities, head, 
abdomen, chest - within polytrauma, mortality rate is very 

high (60% –80%), and if the injury is isolated, the rate 
amounts to 10% 13, 14. Four deaths in emergency patients with 
unstable pelvic ring fractures in polytrauma were not consid-
ered in this paper since no temporary pelvic stabilization was 
performed during reanimation measures (sheet, pelvic bind-
er, external fixation, C-clamp). The reason for such the out-
come was the absence, at that time, of the appropriate proto-
col of unstable pelvic ring fractures treatment in polytrauma-
tized patients in our Clinical Centre. 

Unstable pelvic ring and acetabulum injuries treated with 
the conventional closed methods often result in significant dis-
ability, and mortality rate drastically increase 8, 9, 13. We opted for 
a non-operative treatment in patients with multiple life-
threatening chronic diseases and in patients where their families 
or they themselves did not agree to suggested surgical interven-
tions, i.e., did not receive the consent of an anesthesiologist and 
internist for performing stable internal fixations in an adequate 
period of time, up to 4 weeks after the injury. 

Some authors state that the use of external fixation signifi-
cantly reduces venous and bone bleeding, maintains a good sta-
bility of the pelvic and that other interventions are not necessary 
6, 14, 15. Biomechanical studies showed that external fixators could 
not provide sufficient stability to allow for mobilization without 
the risk of redislocation of fragments. The use of external fixa-
tors or C-clamps in unstable pelvic injuries is applied in urgent 
cases, and helps in stabilizing the hemodynamic status 16. Exter-
nal fixators can be used temporarily in unstable injuries as part 
of emergency treatment to allow the patient to be placed in the 
upright position to improve ventilation. In our material, external 
fixator or C–clamp was applied in fourteen cases, and the same 
were removed within a period of 5–7 days and a definitive in-
ternal osteosynthesis was done. Patients with such stable osteo-
synthesis were earlier mobilized without a greater risk for redis-
location of fragments. Early mobilization of patients is affected 
by whether there are other skeletal injuries which required sur-
gical intervention, i.e., disburdening of that extremity 17, 18.  

In sacroiliac joint (SI) injuries, stabilization technique with 
percutaneous techniques, cannulated screws, is biomechanically 
superior to other methods of internal fixation. Due to minimal 
surgical aggression, the bleeding is slight, functional results are 
satisfactory in 96% of cases while radiological results are satis-
factory in 86% of cases 4, 19. In our patients, 14 percutaneous 
stabilizations of the SI joint with one or two screws were done. 
The fixation with 2 cannulated screws gave firmer stabilization 
without radiological signs of instability, which was noted in sin-
gle screw fixation. This percutaneous technique is demanding 
and requires a good knowledge of anatomy and its radiological 
correlation in order to avoid complications. 
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A large number of authors agree that functional out-
comes depend on whether the patients had associated injuries 
(open fractures, bladder and urethra injuries, craniovertebral 
and thoracic injuries ...) accompanied by deep vein thrombo-
sis, pulmonary embolization and neurological outbursts of 
lumbosacral plexus 17, 20. 

Prevalence of primary neurological injuries in this study 
is 26%. Four patients in the Group I with a combined motor 
and sensory neurological deficit at the L4, L5, S1 levels 
nerve fully recovered at the time of follow-up within 16–36 
months. In all patients, a stable internal fixation was done, 
which a large number of authors cited as a reason for more 
favorable prognosis. Three patients from the Group II were 
monitored within a period of 36 months and did not have a 
satisfactory neurological recovery 21–23. 

The results of this study (Group I) match with other 
studies which state a stable fixation of the anterior and/or 
posterior segment (Type-C) of pelvic ring injury with subse-
quent reduction of morbidity and mortality 5, 24. The patients 
from this study had a rapid improvement in their general 
condition during their stay and after discharge from the hos-

pital. They were earlier mobilized without a greater risk of 
redislocation of fragments, despite other skeletal injuries. 
Functional and radiological results were significantly worse 
in the Group II. 

Conclusion 

In pelvic ring injuries, isolated ones and those associ-
ated with injuries of other systems, the most important thing 
is the stabilization of vital parameters followed by a firm in-
ternal fixation. All this significantly reduces mortality. Just 
because of this fact, they represent a challenge for a small 
number of surgeons, for adequate treatment and guidance of 
these patients. Strict application of rational criteria and sur-
gical techniques with stable internal fixation with early mo-
bilization provide significantly better outcomes of these inju-
ries than those which were non-operatively treated. Our 
analysis and the studies on a larger number of patients by 
other authors show that the rehabilitation period is shorter 
and that psychological and functional outcomes are signifi-
cantly more favorable. 
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