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In children, pelvic fractures are uncommon, with an inci-
dence ranging from 1% to 4.6% of all pediatric fractures,1-4 
and acetabular fractures make up only 0.8% to 15% of 

pelvic fractures.1,3,5,6 Acetabular fractures are so uncommon in 
children partly because of the cartilaginous nature of the im-
mature acetabulum. The increased cartilage volume relative to 
adults provides greater capacity for energy absorption, result-
ing in greater elastic and plastic deformation before fracture 
occurrence. More force is therefore required to cause a fracture, 
and associated visceral injuries, head injuries, and long-bone 
fractures are common.3,7,8

The impact of acetabular fractures on adolescents warrants 
special attention because any resulting disability will affect 
them during their most productive years. Both avascular ne-
crosis (AVN) and degenerative arthritis are particularly dev-
astating complications in this age group. Complications such 
as premature physeal closure9-15 are unique to adolescents, and 
there is little information available on how injury in older 
children affects growth in this area.

There have been very few studies of the outcomes of these 
injuries in children. Mostly, there have been case reports and 

small series primarily dealing with nonoperative management 
of acetabular fractures in adolescents.3,10,11,16-20 By contrast, op-
erative treatment of acetabular fractures in adults has been well 
described, and outcomes widely reported. As a result, much of 
our knowledge about managing these injuries is extrapolated 
from the adult literature. Although treatment of acetabular 
fractures in adults has evolved substantially, treatment of these 
injuries in adolescents remains primarily nonoperative. We 
conducted a study to evaluate outcomes of treatment of ado-
lescent acetabular fractures. 

Patients and Methods
After obtaining institutional review board approval for this 
study, we retrospectively reviewed the cases of all adolescent 
patients admitted with a diagnosis of acetabular fracture to  
2 academic institutions between 1991 and 2003. Thirty-eight 
patients (28 males, 10 females) were identified. Mean age at 
time of injury was 15 years (range, 11-18 years). Mean follow-
up was 3.2 years (range, 5-180 months).

Data on fracture types, treatment methods, associated in-
juries, complications, union rates, pain, and return to normal 
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Although the treatment of acetabular fractures in adults 
has evolved substantially, treatment of these injuries in 
adolescents remains primarily nonoperative.

We performed a retrospective review to evaluate out-
comes of treatment of adolescent acetabular fractures. We 
identified 38 adolescent acetabular fractures (patient ages, 
11-18 years), all treated by an experienced trauma surgeon. 
Open reduction and internal fixation (ORIF) was performed 
in 37 cases, and 1 case was treated nonoperatively.

Mean follow-up was 38.2 months. All fractures healed. 
Reduction was anatomical in 30 cases, imperfect in 7. 
One patient had surgical secondary congruence, 1 had 
preoperative deep vein thrombosis, 1 developed a deep 
infection, and 2 had femoral head avascular necrosis and 
developed posttraumatic arthritis (both had hip disloca-
tions). Of the 38 patients, 34 returned to full activity. At 

latest follow-up, 29 had no pain, and 6 had mild intermit-
tent pain not limiting activity.

ORIF was found to be safe and to result in predictable 
union. We therefore advocate a more aggressive strategy. 
Given our low complication rate, we recommend nonop-
erative management only for stable, minimally displaced 
fractures (<1 mm). Unstable fractures, fractures with any 
hip subluxation, and fractures displaced more than 1 mm 
should be managed with ORIF. 

As reported in adults, articular injury often is associated 
with secondary degenerative arthritis. This association is 
expected in adolescents as well. Given adolescents’ life 
expectancy subsequent to injury and surgery, any late 
posttraumatic arthritis will have a significant impact on 
quality of life over the long term, with increased duration 
compared with adults.
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activities were collected. Acetabular fractures were classified 
according to the system of Letournel and Judet.21 There were 
20 elementary and 18 associated fractures.

Of the 38 patients, 30 sustained high-energy trauma in mo-
tor vehicle accidents (25) or in falls from significant heights (5). 
The other 8 patients injured themselves playing sports (4 had  
severe traumatic brain injury, 2 had labial wounds, and 2 had 
injuries involving the abdominal viscera). Twelve patients had 
associated pelvic ring injuries, 18 had femoral head disloca-
tions, 2 had femoral head fractures, and 13 had evidence of 
impaction injury to the femoral head articular cartilage. Twelve 
patients had marginal impaction of the acetabular wall. Fifteen 
patients had open triradiate physes at time of injury (Table 1).

Thirty-seven of the 38 patients were treated with open 
reduction and internal fixation (ORIF) by an experienced or-
thopedic trauma surgeon; 1 patient with a stable posterior wall 

fracture was treated nonoperatively. Surgical indications were 
articular displacement of more than 1 mm, hip joint instabil-

Table 1. Patient Information

Pt
Age,

y Sex
Mechanism 

of Injury
Fracture 

Typea
Open 

Physes

Marginal
Impaction

(Acetabulum)

Femoral
Head

Fracture
Hip

Dislocation

Pelvic
Ring
Injury

Surgical
Approach(es)

Orthopedic
Complication(s)

Postoperative
Reduction

1 15 M MVA BC Y Y Impaction N Y KL/ilioinguinal Abductor  
weakness, HO

Imperfect

2 13 F Skiing AC, PHT N N N N Y Ilioinguinal Meralgia  
paresthetica

Anatomical

3 15 M MVA BC N N N N Y Ilioinguinal HO Anatomical

4 18 F MVA TR N N N N Y Ilioinguinal Meralgia  
paresthetica

Anatomical

5 15 F MVA T N Y N N Y KL Abductor  
weakness

Imperfect

6 15 M Fall TR, PW Y Y N Y N KL Abductor  
weakness

Anatomical

7 14 M Football/
tackle

PW Y N Impaction Y N KL HO Anatomical

8 11 M Fall PW Y N N Y N KL Abductor  
weakness, HO

Anatomical

9 14 M MVA T N N N Y Y KL Abductor weak-
ness, DVT, HO

Anatomical

10 12 M Football/
tackle

PW Y N N N N Nonoperative None Anatomical

11 15 M MVA T N N Impaction N Y KL/ilioinguinal Abductor  
weakness

Anatomical

12 16 M MVA BC N N N N Y Ilioinguinal Abductor  
weakness

Imperfect

13 13 M Football/
tackle

PW Y Y N N N KL Abductor  
weakness

Anatomical

14 15 M MVA PC Y N N N N KL HO Anatomical

15 13 M Fall PW Y Y Impaction Y N KL None Anatomical

16 18 M MVA TR, PW N Y N Y N KL None Anatomical

17 11 F MVA T N Y N Y Y KL/ilioinguinal Abductor weak-
ness, AVN, HO

Anatomical

Figure 1. Case example of 13-year-old girl who fell while skiing. 
(A) Anteroposterior and (B) iliac oblique radiographs show right-
side anterior column with posterior hemitransverse acetabular 
fracture.

A B

Abbreviations: AVN, avascular necrosis; DVT, deep vein thrombosis; F, female; HO, heterotopic ossification; KL, Kocher-Langenbeck; M, male; MVA, motor vehicle accident, N, no; SSC, 
secondary surgical congruence; Y, yes.
aFracture types: AC, anterior column; BC, both column; PC, posterior column; PHT, posterior hemitransverse; PW, posterior wall; T, T-type; TR, transverse.
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ity, irreducible hip dislocation, and intra-articular fracture 
fragments. In the 37 surgically treated cases, the approaches 
used were Kocher-Langenbeck (22), ilioinguinal (8), combined 
Kocher-Langenbeck/ilioinguinal (5), and triradiate (2).

Immediate postoperative radiographs were evaluated by  
3 orthopedic surgeons blinded to the patients’ clinical out-
comes. Displacement was evaluated on anteroposterior (AP) 
and Judet views of the pelvis, as described by Matta,22 and 
reductions were classified as anatomical (0-1 mm of displace-
ment), imperfect (>1 to 3 mm), poor (>3 mm), or surgical 
secondary congruence (Table 2).

Results
Thirty-seven patients underwent acetabular fracture ORIF. 
Immediate postoperative radiographs showed 30 anatomical 
reductions and 7 imperfect reductions. One patient had surgi-

cal secondary congruence and developed AVN of the hip. We 
could not identify an association between the quality of the 
reduction and the outcome with respect to pain or return to 
activity. However, no patient had a poor reduction. An illustra-
tive case is presented in Figures 1 to 4.

Table 2. Criteria for Accuracy of Reduction

Classification Criteria

Anatomical 0-1 mm of displacement

Imperfect >1 to 3 mm of displacement

Poor >3 mm of displacement

Surgical secondary  
congruence

Restoration of articular congruence without 
reconstruction of normal hip center

Table 1. Patient Information (continued)

Pt
Age,

y Sex
Mechanism 

of Injury
Fracture 

Typea
Open 

Physes

Marginal
Impaction

(Acetabulum)

Femoral
Head

Fracture
Hip

Dislocation

Pelvic
Ring
Injury

Surgical
Approach(es)

Orthopedic
Complication(s)

Postoperative
Reduction

18 15 M MVA PW Y N N Y N KL None Anatomical

19 16 F MVA TR, PW N Y Impaction Y N Triradiate None Imperfect

20 16 F MVA T N N N N N KL None Anatomical

21 16 F MVA AC N Y Impaction N Y Ilioinguinal None Anatomical

22 16 M MVA PC N Y Impaction Y N KL None Anatomical

23 17 M MVA PW N Y Impaction N N KL None Anatomical

24 15 M Skate-
boarding

T Y N N N N KL None Anatomical

25 16 M MVA PC N N N Y N KL None Imperfect

26 15 M Soccer PW Y N Impaction Y N KL None Anatomical

27 12 M Skiing PW Y N Impaction Y N KL Abductor  
weakness, AVN, 

infection

SSC

28 16 M MVA AC N N Y Y N Ilioinguinal None Anatomical

29 11 M MVA PC, PW Y Y Impaction N N KL Abductor  
weakness

Imperfect

30 15 F MVA T N N Impaction N Y Ilioinguinal None Anatomical

31 15 M Soccer PW Y N N Y N KL None Anatomical

32 17 M MVA PW N N Y Y N KL Abductor  
weakness

Anatomical

33 17 M MVA TR N N N N N Triradiate Meralgia  
paresthetica

Imperfect

34 17 F Fall TR, PW N N N N Y KL/ilioinguinal None Anatomical

35 17 M Fall AC N N N N N Ilioinguinal None Anatomical

36 16 M MVA TR, PW N N N N N KL/ilioinguinal Abductor  
weakness, HO

Anatomical

37 15 M MVA PC, PW N N N Y N KL None Anatomical

38 14 F MVA PW Y N Impaction Y N KL None Anatomical

Abbreviations: AVN, avascular necrosis; DVT, deep vein thrombosis; F, female; HO, heterotopic ossification; KL, Kocher-Langenbeck; M, male; MVA, motor vehicle accident, N, no; SSC, 
secondary surgical congruence; Y, yes.
aFracture types: AC, anterior column; BC, both column; PC, posterior column; PHT, posterior hemitransverse; PW, posterior wall; T, T-type; TR, transverse.
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All acetabular fractures united within 4.5 months  
(range, 3.0-8.0 months) after the index procedure. Early post-
operative complications included 3 cases of meralgia paresthet-
ica and 13 cases of abductor weakness. Meralgia paresthetica 
resolved spontaneously in all 3 patients. Of the 13 patients with 
abductor weakness, 11 improved with physical therapy, 1 was 
limited by the head injury, and 1 subsequently underwent hip 
fusion. One patient had a deep vein thrombosis (DVT) that 
was identified before surgery and managed with warfarin.

Other complications included 1 case of deep infection 
of the surgical wound. This infection presented 4 months 
after surgery and was treated with débridement, hardware 
removal, and a 3-month course of antibiotics. Two patients 
who sustained hip dislocations at time of injury developed 
AVN of the femoral head. Both developed osteoarthritis, and 
1 underwent hip fusion. Eight patients developed heterotopic 
ossification on the side of the acetabular fracture; 4 of them 
underwent surgical excision. Four patients required a separate 
operation for hardware removal. Four patients with triradi-
ate cartilage involvement went on to premature closure. No 
patient had any leg-length discrepancy or dysplasia at time  
of follow-up.

Thirty-four of the 38 patients returned to their regular ac-
tivities. For these patients, mean time to return to full activity 
was 7.0 months (range, 3-30 months); there was no differ-
ence in mean time to return to full activity between skeletally 
mature and skeletally immature patients (6.6 vs 7.4 months;  
P = .57). Of the other 4 patients, 1 had permanent cogni-
tive and physical disability with an ataxic gait as a result of a 
traumatic brain injury, 2 were limited by AVN (1 underwent 
hip fusion), and 1 was limited by an ipsilateral knee injury.

Of the 38 patients, 29 were pain-free; 6 had occasional, 
intermittent mild pain that did not limit their activities; and 
3 had severe, activity-limiting pain. Of the 6 patients with 

mild pain, 2 had femoral impaction injuries, and 4 had mar-
ginal impaction injuries. Of the 3 patients with severe pain, 
2 developed femoral head AVN, and 1 had multiple ipsilateral 
extremity injuries involving the femur, knee, and tibia.

Discussion
The traditional treatment for acetabular fractures in children 
has been nonoperative,8,10 and there are few specific treatment 
guidelines.13 Recent recommendations are nonoperative treat-
ment for minimally displaced fractures (<1 mm) and acetabu-
lar fracture ORIF for fractures displaced more than 2 mm.11 No 
clear consensus exists on management for fractures displaced 
1 to 2 mm. Few studies have investigated the outcomes of 
operative management of these fractures in the pediatric or 
adolescent population.

In our series of adolescent acetabular fractures, we ex-
amined unions, complications, and return to activity. Of  
38 patients with acetabular fractures, 37 were treated with 
ORIF. Anatomical reduction was achieved in the majority of 
patients. Posterior wall fractures were by far the most common 
fracture type, which is consistent with previous reports.10,11 All 
acetabular fractures united, and most patients were pain-free at 
latest follow-up. There was a low incidence of major complica-
tions in our patient population. One major complication was a 
DVT in a 14-year-old boy who was in a motor vehicle accident 
and sustained a T-type fracture of the right acetabulum with 
contralateral femoral shaft and ankle fractures. The DVT was 
in the right internal iliac and common femoral veins and was 
diagnosed on magnetic resonance venography. The patient was 
treated with warfarin for 3 months without incident. 

Two patients developed AVN of the femoral head. One of 
these patients was an 11-year-old girl who was in a motor 
vehicle accident and sustained a T-type fracture with mar-
ginal impaction of the posterior wall, posterior hip dislocation, 

Figure 2. (A) Computed tomography and (B) 3-dimensional computed tomography reconstruction further delineate patient’s fracture 
lines.

A

B
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and a pelvic ring injury. She was treated with ORIF through 
combined Kocher-Langenbeck/ilioinguinal approaches.  
By 4 months after surgery, the acetabular fracture was united. 
Nine months after surgery, she still had pain (activity-limiting) 
and a 35° flexion contracture of the hip, and she was ambulat-
ing with a cane. The diagnosis was AVN of the hip. The patient 
underwent hip fusion 1 year after surgery.

The second patient with femoral head AVN was a 12-year-old 
boy who fell while skiing and sustained a fracture of the pos-
terior wall and a hip dislocation with impaction of the femoral 
head. Initial treatment at an outside institution consisted of 
open reduction of the hip and excision of a “loose body” from 
the joint. Eight weeks after surgery, the patient continued to 
have pain and was referred to our institution. A second opera-
tion was performed. Findings included a defect involving 40% 
of the posterior wall, and signs that the posterior wall had been 
excised during the initial operation. The patient eventually de-
veloped AVN of the hip. This patient was also diagnosed with 
a deep wound infection 4 months after surgery. He presented 
with pain and a fluid collection around the hip. The infection 
was not confirmed through fluid culture, and, as he eventually 
developed AVN of the hip, his symptoms may have been the 
result of chondrolysis or AVN rather than infection.

There were no cases of nonunion or malunion, leg-length 
discrepancy, or permanent sciatic nerve palsy. Although there 
were a few cases of premature closure of the triradiate car-
tilage, no acetabular dysplasia was seen at latest follow-up, 
likely because of the relative maturity of our pediatric group  
(age range, 11-18 years). Age at time of injury is thought to 
be the most important factor influencing growth and devel-
opment of the acetabulum.9,13 In addition, previous studies 
have demonstrated a tendency toward acetabular fractures in 
patients with mature triradiate cartilage—versus pelvic ring 
injuries in patients with immature triradiate cartilage.8,11 This 
may also account for the older age of our study group.

Minor complications (eg, meralgia paresthetica) resolved 
spontaneously. The most common complications were abduc-
tor weakness and heterotopic ossification. In only 4 cases was 
a secondary procedure for excision of the heterotopic bone re-
quired. Abductor weakness, more commonly associated with a 
Kocher-Langenbeck approach to the hip, resolved with therapy 
in almost all cases. Only 4 of our patients required removal of 
hardware from the acetabulum.

Although the majority of acetabular fractures resulted from 
high-energy trauma, 8 cases were sports-related. Six of these 
involved posterior wall fractures, suggesting the injury resulted 
from a fall on flexed knee and hip. This was not known to 
be a common mechanism of injury in this age group.3,7 An 
additional concern was how to size the posterior wall frag-
ment when not ossified. At one center, preoperative magnetic 
resonance imaging (MRI) was effectively used to size the os-
teochondral posterior wall fragment as standard protocol for 
patients with posterior wall fractures in this age group—re-
sulting in better decisions regarding the need for ORIF. At 
the other institution, preoperative MRI was not performed 
routinely for this subset of patients. 

Figure 3. Open reduction and internal fixation was performed with 
ilioinguinal approach. (A) Fracture was reduced and stabilized 
with contoured 10-hole pelvic reconstruction plate and screws 
and placement of spring plate along anterior wall fracture.  
(B) Postoperative computed tomography shows adequate reduction.

A B

Figure 4. Patient returned 8.5 years after open reduction and 
internal fixation. (A) Anteroposterior, (B) obturator oblique, and 
(C) iliac oblique radiographs show healed acetabular fracture 
and maintenance of joint space. Patient had returned to preinjury 
activity level and reported no pain.

A

B

C
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Thirty-four of our 38 patients returned to their normal 
activities. Of the other 4 patients, 1 was permanently disabled 
secondary to traumatic brain injury, 1 had other ipsilateral 
extremity injuries that limited his mobility, and 2 developed 
AVN of the femoral head. Both patients with AVN had hip dis-
locations. Four of the 6 patients who were symptomatic dur-
ing activity sustained impaction injuries of the femoral head 
or posterior wall. This suggests that poorer outcomes may be 
associated with dislocation or with articular injuries—similar 
to what has been reported in the adult literature.

This study had several limitations. First, it was a retrospec-
tive case series, so there was no control group for comparison. 
Second, the relatively short follow-up did not allow evaluation 
of the incidence of degenerative arthritis secondary to articular 
injury, the symptoms of which may develop 1 to 2 decades 
after injury.13 This phenomenon was well described by Letour-
nel and Judet21 in the adult population, and there is no reason 
to presume the adolescent population is any different. Third, 
our sample was small and unlikely to represent a uniform 
sampling of the general pediatric population. Fourth, it was 
not possible to draw detailed conclusions about the outcome 
of ORIF for a particular type of acetabular fracture. Fifth, we 
did not see as many of the associated visceral injuries that are 
so prevalent in the literature. This may reflect improvement 
in safety specifications for automobiles, or our group may not 
have had the most severe or high-energy injuries. Here our 
population sample may have skewed our results, leading to 
better than expected outcomes.

One last study limitation, a major one, was the age of our 
population, 11 to 18 years, which makes it difficult to extrapo-
late results to the entire pediatric population. On one hand, a 
more immature skeleton has a higher chance of remodeling 
and is more forgiving of deformities and small amounts of dis-
placement. On the other hand, injury and premature triradiate 
cartilage fusion in a younger patient can lead to significant 
deformity and acetabular dysplasia.9 Whether ORIF of these 
fractures would alter the outcome of an injury to the triradiate 
cartilage is yet to be determined.

Conclusion
In agreement with earlier studies,10,11,15,18 the good outcomes 
in our series correlated with congruence of reduction. Out-
come predictors such as dislocation, femoral head injury, and 
marginal impaction are similar to those described in the adult 
literature. Although our study did not have a nonoperative 
group for comparison, the favorable outcomes of ORIF of ac-
etabular fractures suggest that a more aggressive approach to 
treatment should be considered. Given the added benefits of 
early, pain-free mobilization, we think that only stable, undis-
placed fractures (<1 mm) should be managed nonoperatively. 
In the adolescent population, we recommend ORIF for optimal 
management of unstable acetabular fractures, fractures with 
any hip subluxation, and fractures displaced more than 1 mm. 
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