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Abstract: Objective: Avulsion fractures of the 
anterior iliac spine are injuries typically seen in physi-
cally active children and adolescents. There is no clear 
consensus regarding the optimal treatment, particu-
larly concerning the degree of fragment displacement 
that warrants surgical intervention.

Aim: The aim of this study was to analyze the 
clinical outcomes of non-operative treatment of pel-
vic avulsion fractures in adolescents and to examine 
the relationship between patient age and rehabilitation 
duration.

Patients and Methods: A retrospective study 
was conducted on 12 adolescent patients with radio-
graphically confirmed pelvic avulsion fractures. Data 
on age, fracture location, injury mechanism, treatment, 
and rehabilitation duration were collected and analyz-
ed. All patients underwent non-operative management 
consisting of rest, analgesics, and crutch-assisted am-
bulation, followed by physical therapy.

Results: All patients were male, with a mean 
age of 12 years. The most common fracture site was 
the anterior inferior iliac spine (66.6%). All fractures 
healed without complications. Rehabilitation duration 
tended to be shorter in younger patients. Functional 
outcomes were excellent, with all patients returning to 
their pre-injury activity levels.

Conclusion: Non-operative treatment is an effec-
tive and safe approach for managing pelvic avulsion 
fractures in adolescents, even in cases with fragment 
displacement up to 15 mm. It provides excellent func-

tional recovery without complications, supporting its 
use as the first-line treatment in this population.

Keywords: Avulsion fractures, Pelvis, Adoles-
cents, Children, Treatment.

INTRODUCTION
Avulsion fractures of the pelvis are injuries that 

predominantly occur in active adolescents (1). In this 
age group, the strengthening of the lower limb mus-
culature coincides with the development of secondary 
ossification centers (apophyses) (2). Pelvic fractures 
account for less than 1% of all pediatric fractures; 
however, up to 5% of children with blunt trauma sus-
tain a pelvic fracture (3, 4). High-intensity concentric 
muscle contractions during activities such as running, 
kicking, and jumping generate substantial tensile forc-
es transmitted through the muscle–tendon complex to 
the apophysis (5). As the weakest link in this chain, the 
apophysis is therefore prone to failure (6).

While most published studies emphasize pelvic 
fractures caused by high-energy mechanisms, the majori-
ty of pelvic fractures in children and adolescents actually 
result from low-energy trauma. These are typically stable 
pelvic ring injuries or avulsion injuries of the pelvic apo-
physes (Figure 1), usually presenting with sudden, sharp 
pain in the pelvic region, sometimes accompanied by an 
audible cracking sound (7). The pain often subsides with 
rest but intensifies with physical activity. On clinical ex-
amination, localized tenderness, swelling, and restricted 
range of motion are commonly observed (8).
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The diagnosis of avulsion fractures relies on patient 
history—most report acute pain while jumping, kick-
ing a ball, sprinting, or suddenly changing direction—
combined with physical examination and radiographic 
evaluation. Differential diagnoses in pediatric patients 
include femoral head epiphysiolysis and musculotendi-
nous injuries. Avulsion fractures may occur at several 
pelvic muscle attachment sites, including the rectus 
femoris insertion on the anterior inferior iliac spine (AI-
IS), the ischial tuberosity (IT), the sartorius insertion, the 
tensor fasciae latae attachment at the iliac crest (IC), and 
the iliopsoas insertion on the lesser trochanter (LT) (9).

Traditionally, treatment has been non-operative, 
consisting of analgesia, rest, and gradual rehabilitation. 
However, no clear consensus exists regarding surgical 
indications. The degree of fragment displacement and 
the patient’s functional demands remain the primary fac-
tors guiding the decision for operative management (10).

Data on complications are limited, but reported 
issues include nonunion, neurological symptoms, in-
fection, chronic pain, and heterotopic ossification. 
This lack of evidence highlights the need for further 
research to establish optimal treatment strategies, sur-
gical criteria, and long-term outcomes in pediatric pa-
tients with pelvic avulsion fractures.

The aim of this study is to emphasize the impor-
tance of timely diagnosis, to analyze the distribution of 
pelvic avulsion fractures among adolescents according 
to age, and to examine the relationship between reha-
bilitation duration and age. Ultimately, our goal is to 
confirm that non-operative treatment is an effective ap-
proach for managing pelvic avulsion fractures, ensuring 
favorable outcomes without long-term complications.

MATERIALS AND METHODS
Following approval from the Ethics Committee of 

the Clinical Hospital Center Kosovska Mitrovica (No. 

2389, 04/21/2023), a retrospective review was con-
ducted on patients who presented to our department be-
tween January 2015 and January 2023 with symptoms 
of acute pelvic injury. A total of 12 adolescent patients 
with radiographically confirmed apophyseal avulsion 
fractures of the pelvis were included in the study.

Collected variables included age, sex, fracture 
location, laterality, mechanism of injury, degree of 
displacement, presence of prodromal symptoms, treat-
ment approach, duration of orthopedic management, 
length of rehabilitation, and functional outcomes.

Descriptive statistics were used to summarize pa-
tient demographics and clinical outcomes. Continuous 
variables are reported as means and ranges, whereas 
categorical variables are presented as absolute num-
bers and percentages.

RESULTS
All 12 patients were male, aged 10–14 years 

(mean age: 12 years). The age distribution was as fol-
lows: two patients aged 10, two aged 11, six aged 12, 
and two aged 13. The mean age of the cohort was 11.7 
± 1.0 years (range: 10–13).

Figure 1. A. Spina iliaca anterior inferior avulsion fracture. 
B. Spina iliaca anterior superior avulsion fracture (from the author’s personal archive)

Figure 2. Distribution of ASIS (anterior superior 
iliac spine) vs. AIIS (anterior inferior iliac spine) 

Avulsion Injuries
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Regarding fracture location, eight patients sus-
tained anterior inferior iliac spine (AIIS) fractures, 
while four had anterior superior iliac spine (ASIS) frac-
tures (Figure 2). Laterality analysis showed that 75% of 
injuries occurred on the right side and 25% on the left 
(Figure 3).

Most injuries (n = 10) occurred during football, 
while two were sustained during handball. None of the 
patients reported prodromal symptoms. One patient 
presented with a fracture displacement of 13 mm.

Clinically, all patients reported acute, sharp pain at 
the time of injury, limited hip range of motion, and dif-
ficulty walking independently. Radiographic imaging 
confirmed apophyseal displacement of up to 13 mm in 
all cases.

All patients were managed conservatively, includ-
ing analgesics, bed rest with the hip flexed and slightly 
abducted, and ambulation with axillary crutches. Six 
patients (50%) underwent orthopedic treatment for 
five weeks, four (33%) for six weeks, and two (17%) 
for four weeks. The mean duration of orthopedic treat-
ment was 5.2 ± 0.7 weeks (range: 4–6). Follow-up ra-
diographs confirmed fracture healing in all cases, after 
which physical therapy was initiated (Figure 4).

Rehabilitation duration varied with age. Sev-
en patients (58%) completed rehabilitation within 
four weeks, three (25%) within three weeks, and two 
(17%) within five weeks. The mean rehabilitation du-
ration was 3.9 ± 0.7 weeks (range: 3–5). The majority 
of 12-year-olds completed rehabilitation within four 
weeks (Figure 5).

Figure 3. Injury laterality

Figure 4. A. Consolidated anterior superior iliac spine fracture following rehabilitation. B. Consolidated 
anterior inferior iliac spine fracture following rehabilitation (from the author’s personal archive)

Figure 5. Number of patients by duration (weeks) 
of treatment and rehabilitation

All patients returned to their pre-injury activity 
levels within an average of nine weeks after the injury 
(range: 7–11). No complications were observed during 
treatment or follow-up.

DISCUSSION
Avulsion fractures of the pelvis in physically ac-

tive adolescents represent a considerable challenge 
for orthopedic surgeons. At present, there is no clear 
consensus or evidence-based guideline regarding the 
optimal management of these injuries. Although our 
study does not specifically address the pathophysiol-
ogy of avulsion fractures, it is important to highlight 
certain aspects.

The apophyses involved in these injuries appear 
to be particularly vulnerable prior to full ossification. 
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During this phase, the apophyseal growth plate is ex-
posed to an increased risk of improper ossification 
and subsequent avulsion, especially in adolescents 
undergoing periods of rapid growth. It is assumed 
that accelerated growth of the long bones in the lower 
extremities may lead to muscle contracture and tight-
ness around the hip and knee, thereby amplifying the 
pathophysiological impact of eccentric muscle con-
tractions on the apophysis (11). Furthermore, the in-
creased frequency and intensity of physical activity in 
this population additionally contribute to apophyseal 
vulnerability (11).

The results of our study demonstrate that all par-
ticipants were male. This gender distribution may be 
explained by the fact that, in Serbia, boys are gener-
ally more physically active than girls. The lower rep-
resentation of girls in sports is influenced by cultural 
factors, lifestyle patterns, and lower overall participa-
tion in organized physical activities. Pelvic avulsion 
fractures remain a rare type of injury, most commonly 
occurring in physically active adolescents (12).

In adolescents, the epiphyseal plates are not yet 
fused, which makes them more susceptible to eccen-
tric muscle contractions that alter the anatomical rela-
tionship between the growth plate and adjacent bone 
structures (13). In our cohort, the highest incidence 
of avulsion fractures was observed in 12-year-olds, 
representing 50% of all patients (n = 6). This may be 
explained by the fact that children at this age are of-
ten more physically active compared with their peers, 
while the epiphyseal growth plate still lacks closure 
zones.

To the best of our knowledge, no previous studies 
have examined the prevalence and laterality of pelvic 
avulsion fractures. In our series, slightly more injuries 
occurred on the right side (75%).

Our findings are consistent with other studies 
identifying running and kicking as the most frequent 
mechanisms of injury (8, 10-14). Schuett et al. report-
ed that kicking is the most frequent cause of AIIS avul-
sion fractures, whereas running is the most common 
mechanism for ASIS avulsion fractures (15). All par-
ticipants in our study presented with acute pain, limit-
ed active and passive range of motion, and inability to 
walk independently.

Diagnosis in our patients was based on the mech-
anism of injury obtained from history taking and con-
firmed with radiographic imaging, which demonstrat-
ed apophyseal displacement of up to 13 mm. Standard 
pelvic radiographs in two planes are recommended 
in cases of suspected pelvic avulsion fracture (14). In 
our series, no additional diagnostic modalities were 
required, as clinical examination consistently sup-
ported the diagnosis. However, other authors have 

emphasized that when plain radiographs are inconclu-
sive, MRI or ultrasound may be useful to detect occult 
fractures or associated soft-tissue injuries (15). As a 
differential diagnosis, we initially considered epiphys-
iolysis of the femoral head, which was excluded by 
radiographic evaluation.

Other authors have suggested a broader spectrum 
of differential diagnoses (16, 17, 18). For example, 
Gidvani et al. reported eight cases of ischial tuberosi-
ty avulsion fractures that were initially misdiagnosed 
as muscle–tendon ruptures (19). Such misdiagnoses 
resulted in unnecessary and more extensive surgical 
procedures. These findings underline the importance 
of timely and accurate diagnosis to ensure appropriate 
management.

In pelvic avulsion fractures, displacement of bone 
fragments is often limited by the thick periosteum 
and surrounding pelvic fascia in adolescents. Conse-
quently, non-operative management combined with a 
structured rehabilitation program is generally consid-
ered the preferred approach for treating non-displaced 
fractures (20).

In accordance with current treatment protocols, 
and given that the displacement of the apophysis in 
our cohort was 13 mm, we opted for non-operative 
treatment. Current evidence recommends conservative 
management for avulsion fractures with displacement 
up to 15 mm, with many studies confirming favorable 
functional outcomes. This strategy also avoids expos-
ing adolescents to the risks associated with anesthesia. 
Our treatment protocol included analgesics, activity 
restriction, and two weeks of bed rest with proper limb 
positioning, followed by the use of crutches for 4–6 
weeks (21).

In our study, six patients (50%) were treated for 
five weeks, four (33%) for six weeks, and two for 
four weeks. When analyzing the relationship between 
treatment duration and patient characteristics, we ob-
served that the largest group—four patients aged 12 
years—required five weeks of rehabilitation. This 
correlation may be explained by the higher activi-
ty levels and rapid growth characteristic of this age 
group, which increase their susceptibility to injury. 
Additionally, younger patients generally required 
shorter rehabilitation periods, with an average reduc-
tion of seven days compared with older adolescents. 
This observation supports the view that orthopedic 
treatment tends to be shorter in children than in older 
patients.

All patients used axillary crutches during the 
treatment period, which was crucial in partially neu-
tralizing muscle forces during contraction, thereby re-
ducing pain and preventing further displacement at the 
fracture site. The non-operative treatment we applied, 
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followed by structured physical therapy, resulted in 
excellent clinical and functional outcomes in all cases. 
Rehabilitation duration ranged between three and five 
weeks, depending on patient age and physical condi-
tion. Interestingly, the largest proportion of patients 
completing rehabilitation within four weeks were also 
12 years old, consistent with the higher incidence of 
avulsion fractures at this age.

After two treatment sessions, patients were able 
to discontinue the use of crutches. Similar results 
were reported by Metzmaker et al., who successfully 
managed 27 cases of pelvic avulsion fractures using 
a structured five-phase rehabilitation protocol (22). 
Kjellin et al. treated adolescent athletes involved in 
sports that include sprinting, jumping, and sudden 
changes of direction (such as football, athletics, and 
gymnastics) using a conservative approach—rest, ac-
tivity modification, analgesics, and gradual rehabili-
tation. Return to sports was permitted once pain sub-
sided and muscle function normalized. Most patients 
recovered without lasting effects (23). In a review by 
Yanagisawa et al., a gradual approach to rehabilitation 
was emphasized, starting with pain management and 
progressing through mobility exercises, strengthening, 
and sport-specific training. Despite the prevalence of 
these injuries, the review highlighted a lack of new 
knowledge regarding pelvic sports injuries, with on-
ly fifteen articles published between 2013 and 2023 
meeting the inclusion criteria (24).

Although conservative treatment is generally ef-
fective, it can occasionally have adverse effects on the 
patient’s health in both the short and long term. How-
ever, in our cohort no complications were observed, 
and all patients successfully returned to their pre-in-
jury activity levels. We attribute these outcomes to 
timely diagnosis, appropriate immobilization, and the 
implementation of structured physical therapy. These 
factors highlight the importance of taking such injuries 
seriously and ensuring that adolescents remain disci-
plined throughout the rehabilitation process to achieve 
optimal functional recovery.

When treating adolescents, it is also essential to 
consider their long-term well-being. Any compromise 
in the treatment protocol at this stage may result in 
complications that manifest later in life, particularly 
when patients assume physically demanding occupa-
tions. Reported potential complications include heter-
otopic ossification and femoroacetabular impingement 
(FAI) (25). Both conditions may lead to chronic pain 
in the fracture region and a consequent reduction in 
physical activity (26, 27).

In our study, functional results were excellent, 
and no complications occurred, further confirming that 
non-operative management is an appropriate treatment 

option for avulsion fractures with displacement up to 
15 mm. These findings are consistent with previous-
ly published studies, which also support conservative 
treatment as the primary approach for minimally dis-
placed pelvic avulsion fractures (28, 29).

CONCLUSION

Based on our research, we conclude that pelvic 
avulsion fractures most commonly occur in adoles-
cents around the age of 12. Non-operative treatment, 
which in our cohort lasted an average of five weeks, 
followed by approximately four weeks of rehabilita-
tion, resulted in excellent functional outcomes. Con-
sistent with findings from the literature, our study sup-
ports the view that conservative management should 
be considered the first-line treatment for pelvic avul-
sion fractures with displacement up to 15 mm.
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Uvod: Avulzione frakture prednje ilijačne spine 
predstavljaju povrede tipične za fizički aktivnu decu i 
adolescente. Još uvek ne postoji jasan konsenzus o op-
timalnom načinu lečenja, posebno kada je reč o stepenu 
dislokacije fragmenta koji zahteva hiruršku intervenciju.

Cilj: Cilj rada je bio da se analiziraju klinički is-
hodi neoperativnog lečenja avulzionih fraktura karlice 
kod adolescenata i da se ispita odnos između uzrasta i 
trajanja rehabilitacije.

Materijal i metode: Sprovedena je retrospektiv-
na studijana 12 adolescentnih pacijenata sa radiograf-
ski potvrđenim avulzionim frakturama karlice. Anali-
zirani su podaci o uzrastu, lokalizaciji preloma, meha-
nizmu povrede, načinu lečenja i trajanju rehabilitacije. 
Svi pacijenti su lečeni neoperativno – mirovanje, anal-
getici i upotreba štaka, a potom fizikalna terapija.

Rezultati: Svi pacijenti su bili muškog pola, pro-
sečne starosti 12 godina. Najčešće mesto preloma bila 
je prednja donja ilijačna spina (66,6%). Svi prelomi su 
zarasli bez komplikacija. Kod mlađih pacijenata reha-
bilitacija je trajala kraće. Funkcionalni ishodi bili su 
odlični, sa povratkom svih pacijenata na nivo aktivno-
sti pre povrede.

Zaključak: Neoperativno lečenje je efikasan i 
bezbedan pristup u terapiji avulzionih fraktura karlice 
kod adolescenata, čak i kod dislokacija fragmenta do 
15 mm. Ovaj pristup omogućava odličan funkcionalni 
oporavak bez komplikacija i treba ga smatrati meto-
dom prvog izbora u ovoj populaciji.

Ključne reči: avulzione frakture, karlica, adole-
scent, dete, lečenje.
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