
512Original Article

Complications of Hip Fractures in Children

Feng-Chih Kuo1, MD; Shu-Jui Kuo1, MD; Jih-Yang Ko1,2, MD; To Wong1,2, MD

Background: Hip fractures account for < 1% of all pediatric fractures. Most are caused by
a high-energy mechanism. Complications occur at a high rate because the
vascular and osseous anatomy of the child’s proximal femur is vulnerable to
injury. The purposes of this study were to evaluate whether osteonecrosis
influences the functional results and to analyze the risk factors for the devel-
opment of osteonecrosis.

Methods: We conducted a retrospective review of the complications of hip fractures (3
transepiphyseal fractures, 13 transcervical fractures, 6 cervico-trochanteric
fractures, and 1 intertrochanteric fracture) in 23 patients (15 boys and 8 girls)
between January 1988 and December 1997. Most injuries were caused by
falling from a height or a motorcycle accident. The medical records and seri-
al radiographs of all patients were reviewed. The function of the injured site
was evaluated using Ratliff’s criteria.

Results: The ages of these children at the time of injury ranged from 1.5 to 16 years
(average 11.1 years). The mean follow-up was 4.91 years (range, 1 year to 12
years and 7 months). Overall, complications included osteonecrosis in 11
(48%) patients, premature physeal closure in 11 (48%), coxa vara in 3 (13%)
and coxa valga in 2 (9%). There was no nonunion. Poor outcomes were relat-
ed to the development of osteonecrosis. The time to surgery (≤ 12 hours) and
the quality of reduction significantly influenced the occurrence of
osteonecrosis. The occurrence and severity of femoral head osteonecrosis
significantly influenced the functional results (p < 0.001, and p < 0.048,
respectively).

Conclusion: Osteonecrosis is the most severe complication after hip fractures in children
and is associated with poor functional results. The time to surgery and the
quality of reduction were the significant predictors in our study.
(Chang Gung Med J 2011;34:512-9)
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Fractures of the hip are rare in children and
account for less than 1% of all pediatric frac-

tures.(1) In contrast to adult hip fractures, pediatric
and adolescent hip fractures are usually the result of
high-energy trauma, because severe trauma is needed

to fracture the tough, dense bone of a child with its
thick, strong periosteum.(2,3) Serious complications of
hip fractures include osteonecrosis, nonunion, pre-
mature physeal closure, leg-length discrepancy, coxa
vara, coxa valga and coxa magna.(3-8) Of these,
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osteonecrosis is the leading cause of poor results as
little can be done to salvage the affected hip.(1,9-11)

Therefore, the best treatment is aimed at preventing
osteonecrosis.

In recent studies, fracture type, displacement,
age, treatment, and time to surgery have frequently
been cited as risk factors for the development of
osteonecrosis.(4,9,10,12-17) The purposes of this study
were to evaluate whether osteonecrosis influences
the functional results and to analyze the risk factors
for development of osteonecrosis.

METHODS

Between January 1988 and December 1997, 23
patients with pediatric hip fractures were treated at
our institution. There were 15 boys and 8 girls. The
mean age of the patients at fracture was 11.1 years
(range, 1.5 to 16 years). Sixteen patients had left hip
involvement, and 7 had right hip involvement. The
mechanisms of injury included falling from a height
in 12 patients (52%), motorcycle accidents in 5
(22%), bicycle accidents in 2, and a car accident,
pedestrian-vehicle accident, basketball injury and
rope skipping injury in one each. Using Delbert’s
classification, 3 patients had type I (transepiphyseal)
fractures, 13 (57%) had type II (transcervical) frac-
tures, 6 (26%) had type III (cervicotrochanteric) frac-
tures and 1 had a type IV (intertrochanteric) fracture.

Buck’s traction (2 kilograms) was applied for
3~5 days in patients with type IV and nondisplaced
type III fractures. Then, closed reduction was per-
formed and a hip spica cast was used until the frac-
ture healed. In patients with type I, type II and dis-
placed type III fractures, closed reduction and inter-
nal fixation with smooth pins, Knowles’ pins, or can-
cellous screws were used. If the patient was under 10

years old or the fixation was not rigid enough, a hip
spica was applied for postoperative protection. Open
reduction and internal fixation were performed if
closed reduction failed to achieve anatomical reduc-
tion under fluoroscopic guidance. Anatomical reduc-
tion was defined as < 2 mm of displacement and < 5°
of angulation.(18) Capsular decompression was not
used in fractures treated by closed reduction, but was
performed when open reduction was indicated.

Medical record data of all patients including
age, gender, method of operation, bony union,
threaded pin penetration, time to removal of implant,
and complications (osteonecrosis, nonunion, prema-
ture physeal closure, coxa vara, coxa valga, and
shortening), were reviewed. The functional results
and radiographic evaluations were assessed by the
first author. The functional results were assessed as
good, fair or poor based on the Ratliff criteria (Table
1).(1) These criteria included 4 items (pain, move-
ment, activity, radiographic findings) used to access
functional results after femoral neck fractures in chil-
dren. Ratliff(1) laid particular emphasis on the radi-
ographic appearance, in the belief that this gave a
good indication of the ultimate prognosis. If the radi-
ographic grading was good, but more than two of the
other parameters were rated fair or poor, we graded
the result fair or poor. If the radiographic grading
was fair or poor, but the other two or three parame-
ters were rated good, the result was still rated fair or
poor.

Nonunion was defined as failure of fixation with
implant breakage, loss of reduction, or persistence of
a visible fracture line at a minimum of 6 months after
the index procedure.(18)

Using radiography, coxa vara was defined as a
neck-shaft angle of less than 120 degrees and coxa
valga was defined as a neck-shaft ankle of more than

Table 1. Ratliff Criteria for Functional Assessment of the Results of Treatment for Fracture of the Hip

Good Fair Poor

Pain None or “ignores” Occasional Disabling

Movement Full or terminal restriction Greater than 50% Less than 50%

Activity Normal or avoids games Normal or avoids games Restricted

Radiographic findings Normal or some deformity of Severe deformity of the femoral neck Severe avascular necrosis,
the neck degenerative arthritis, arthrodesis
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150 degrees.(14) Premature physeal closure was
defined when 50% or more of the physis had a linear
closure.(19) Shortening (leg-length discrepancy) was
detected by using a standing scanogram. A signifi-
cant leg-length discrepancy was defined as > 2 cm
shortening.(20-22) Coxa brevis, a deformity of the prox-
imal femur, is caused by decreased or absent growth
of the proximal femoral physis.(23) The deformity is
marked by a classic radiographic appearance of a
short femoral neck. We described the reduction qual-
ity using a modification of the method of
Haidukewych et al. (18) We defined anatomical
(acceptable) reduction as < 2 mm of displacement
and < 5° of angulation and non-anatomical reduction
as ≥ 2 mm of displacement and/or > 5° of angulation.

We analyzed the factors related to osteonecrosis,
including age, displacement, time to surgery (≤ 12
hours), capsular decompression and the quality of
reduction. Statistical analysis was performed using
Fisher’s exact test, and p values ≤ 0.05 were consid-
ered statistically significant.

RESULTS

One patient with a type I fracture underwent
open reduction and internal fixation because of fail-
ure of closed reduction. The other 2 patients with
type I fractures received closed reduction and inter-
nal fixation. Twelve patients with type II fractures
underwent closed reduction and internal fixation.
One patient with a type II fracture had open reduc-
tion because of failure of closed reduction. The 6
patients with type III fractures had closed reduction
and internal fixation. The patient with a type IV frac-
ture had closed reduction and hip spica immobiliza-
tion. Bone union was obtained in all patients at a
mean 11 weeks (range 4 weeks to 20 weeks) after

injury.
At a mean follow-up of 4.91 years (range, 1

year to 12 years 7 months), there were good results
in 12 hips (52%), fair in 8 (35%), and poor in 3
(13%). One patient with a poor result had progres-
sive coxa vara and underwent subtrochanteric valgus
oseotomy 6 months after the initial operation. The
other 2 patients with poor results had type I
osteonecrosis, coxa breva and coxa vara, and were
managed with observation and nonsurgical treat-
ment. Two patients underwent open reduction, and
both had osteonecrosis during follow-up. The mean
duration to removal of internal fixation was 12.7
months (range: 5 weeks to 2 years, 2 months).

Table 2 presents the overall complications. The
osteonecrosis rate was 48% (11 of 23), and was
noted in 2 patients with transepiphyseal fracture, 7
patients with transcervical fracture and 2 patients
with cervicotrochanteric fracture (Fig. 1). Three
patients had poor outcomes and 8 patients had fair
outcomes. The other 12 patients without osteonecro-
sis had good results, which was statistically signifi-
cant (p < 0.001). Ratliff type I osteonecrosis
(involvement of the whole head) was noted in 4
patients, type II osteonecrosis (partial involvement of
the head) in 2 and type III osteonecrosis (an area of
necrosis from the fracture line to the physis) in 5.
Among the 4 patients with Ratliff type I osteonecro-
sis, 3 had a poor outcomes and one had a fair out-
come. The patients with Ratliff type II and type III
osteonecrosis had fair outcomes, which was statisti-
cally significant (p = 0.048). Nonsurgical treatment
and observation were used for these patients.

The rate of premature physeal closure was
47.8% (11 of 23) (Fig. 2). Coxa vara occurred in 3
(13%) patients, and coxa valga occurred in 1 (4%).
Seven patients had leg-length discrepancy, and 2 of

Table 2. Complications among Different Types of Hip Fractures in Children

Fracture type Osteonecrosis Premature physeal closure Nonunion Coxa vara Coxa valga Shortening Total

I (n = 3) 2 3 – – 1 – 6

II (n = 13) 7 5 – 2 1 5 20

III (n = 6) 2 3 – 1 – 2 8

IV (n = 1) – – – – – – 0

Total (n = 23) 11 11 0 3 2 7 34
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them had significant leg-length discrepancy (> 2
cm). There were no nonunion or infection complica-
tions in our study.

We analyzed the factors related to osteonecrosis
and found only the time to surgery (≤ 12 hours) and
quality of reduction (anatomical reduction) had a sig-
nificant effect on the risk of osteonecrosis (Table 3);
other factors, including fracture type, did not.
Premature physeal closure had a moderate correla-
tion coefficient in relation to osteonecrosis, this but
did not reach statistical significance.

DISCUSSION

Osteonecrosis is the most common complication
following hip fractures in children.(13,16,24,25) Previous
studies reported osteonecrosis rates of 10% to

58%.(1,4,16,25) Predicting osteonecrosis is of critical
importance because of the poor results associated
with its occurrence and the lack of treatment options
once it is established.(25) In our study, 12 patients had
no development of osteonecrosis and the results were
good. On the other hand, of the 11 patients with
osteonecrosis, 3 had poor results and 8 had fair
results, which was statistically significant (p <
0.001). Ratliff type I osteonecrosis was related to
poor results more often than Ratliff type II or type III
osteonecrosis (p = 0.048).

In a meta-analysis of 360 pediatric hip fractures,
Moon et al. demonstrated that fracture type and age
at the time of injury were the best predictors of
osteonecrosis.(25) Type I, II and III fractures were
respectively 15, 6 and 4 times as likely to develop
osteonecrosis than type IV fractures. However, in a

A B C

Fig. 1 Right type III femoral neck fracture and left femoral shaft fracture in a 16-year-old boy. (A) Preoperative radiograph of a
right cervicotrochanteric fracture and left femoral shaft fracture. (B) Closed reduction and fixation with 4 Knowles pins and a
Kuntcher nails for each fracture. (C) Radiograph 1 year and 6 months after the operation showing osteonecrosis of the right femoral
head.

A B C

Fig. 2 Premature physeal closure after a type 1 femoral neck fracture. (A) Type 1 femoral neck fracture-dislocation in a 8-year-old
boy. (B) Open reduction and internal fixation 3 days after injury. (C) Follow-up radiography after 6 months showing premature phy-
seal closure.
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recently published study, Dendane et al. reported 21
children with displaced femoral neck fractures,(26) and
found a higher rate of osteonecrosis in type II frac-
tures (44.44%) than in type III fractures (20%),
which was not statistically significant (p > 0.05). In
our study, the rate of femoral head osteonecrosis
decreased as the hip fracture level decreased, from
the epiphysis to the trochanteric area (Type I, 67%;
Type II, 53.8%; Type III, 33.3%; type IV, 0%), but
the tendency was not statistically significant. Types
I-III showed higher rates of osteonecrosis than type
IV fractures (0%). This may be because of the limit-
ed patient number. But we still believe that meticu-
lous reduction of high level fractures may reduce the
incidence of femoral head osteonecrosis.

In our study, patients under 10 years old had a
17% rate of osteonecrosis, whereas those over 10
years old had a 59% rate of osteonecrosis. A study
by Kay et al. also observed a similar phenomenon
with 6 of 9 cases of osteonecrosis occurring in chil-
dren older than 10 years.(3) However, this was not
shown in our study. These 2 factors (type of fracture
and age at the time of injury) showed no statistically
significant differences, probably because of the limit-
ed patient numbers.

Displacement of the femoral neck in childhood
fractures is also a predictor of osteonecrosis.(1,2,4-6,27,28)

Disruption of blood flow occurs at the time of injury.
It may be caused by kinking of vessels occurring
with the fracture displacement or by direct laceration

of blood vessels by fracture fragments. Tamponade
of vessels supplying the proximal femur by increased
intracapsular pressure is another potential cause of
ischemia.(20) However, Kay et al. reported that dis-
placed fractures,(3) with their sharp fragments, can
rupture the capsule and release this pressure. Thus,
displacement may have a protective effect by pre-
venting the buildup of intraarticular pressure.(3) In our
study, we did not observe a significant difference in
the risk of osteonecrosis between displaced and non-
displaced fractures or between capsular decompres-
sion and no capsular decompression during surgery.
We cannot exclude a direct effect between the severi-
ty of the initial trauma and avascular necrosis.

Time to surgery is also a known predictor of
osteonecrosis. Flynn et al. reported 18 patients who
received early reduction and internal fixation and
underwent long periods of non-weight-bearing.(21)

The incidence of osteonecrosis was low (6%). Cheng
et al. reported 14 patients who were treated by
decompression and stable fixation with closed or
open reduction within 24 hours of admission.(22) He
reported no occurrence of osteonecrosis. One recent-
ly published study described delayed fixation of dis-
placed type II and III pediatric femoral neck frac-
tures in 22 patients.(29) The authors found osteonecro-
sis in 8 patients (36.3%), including 2 of 9 patients
(22.22%) with operations in the first week after
injury, 3 of 8 patients (37.51%) in the second week,
and 3 of 5 patients (60%) in the third week. Another
study included 21 children with displaced fractures
in the femoral neck who were treated with delayed
fixation (> 24 hours).(30) Three (14.3%) patients had
osteonecrosis of the hip, which was significantly
related to a poor outcome (p = 0.022). There was a
significant correlation (r = 0.52) between the devel-
opment of osteonecrosis and delayed fracture fixa-
tion of > 10 days (p = 0.016). Shrader et al. found
there was an association (p = 0.05) between delayed
treatment (> 24 hours) and osteonecrosis in 20 pedi-
atric patients with femoral neck fractures.(31) In our
study, we defined early reduction as ≤ 12 hours. Of
11 patients treated within 12 hours, only 2 patients
developed osteonecrosis, which compared favorably
with patients treated after 12 hours (9 out of the 12
patients had osteonecrosis, p = 0.022). We suggest
that early stable internal fixation of a pediatric
femoral neck fracture may reduce the incidence of
osteonecrosis.

Table 3. Predictive Risk Factors for Osteonecrosis

Parameters
Patient AVN

p value
number number

Age < 10 years 6 1 0.076
Age > 10 years 17 10

Displaced 20 10 0.59
Non-displaced 3 1

< 12 hours to surgery 11 2 0.022
> 12 hours to surgery 12 9

Capsular decompression 2 2 0.112
No capsular decompression 21 9

Anatomical reduction 16 5 0.016
Non-anatomical reduction 7 6

Abbreviation: AVN: Avascular necrosis.
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The quality of reduction (anatomical reduction
vs. non-anatomical reduction) was also a significant
predictive factor (p = 0.016) for osteonecrosis in our
study. Five of the 16 cases with anatomical reduction
and 6 of the 7 cases without anatomical reduction
developed osteonecrosis (p = 0.016). Morsy et al.
reported osteonecrosis in 10 of 14 cases with non-
anatomical reduction,(8) compared with only 4 of the
23 cases with anatomical reduction (p < 0.01).
Shrader et al. reported that no patient with an excel-
lent or good final reduction developed osteonecro-
sis,(31) whereas the patients with fair or poor reduc-
tions developed osteonecrosis (p < 0.01). Therefore,
the surgeon should strive for an anatomical reduction
in every case to decrease the development of
osteonecrosis.

Premature physeal closure after hip fractures has
been reported with an incidence ranging from 5% to
65% of cases.(2,4,5,8,13,15,32) A significant correlation
between osteonecrosis and premature physeal closure
was found in past studies.(8,12) This can be explained
by the disruption to the blood supply of the growth
plate, which may occur at the time of injury or by
penetration of an internal device.(4,12,27) Since the capi-
tal femoral physis contributes 13% of overall limb
length, complete physeal closure in very young chil-
dren may result in a significant (> 2 cm) limb-length
discrepancy. Children with premature physeal clo-
sure should be followed with limb-length
scanograms; if the limb length discrepancy is pro-
jected to be 2.5 cm or more, a scheduled contralateral
epiphysiodesis can be performed.(20,33)

Coxa vara may be caused by malreduction
(varus) of the fracture, loss of reduction, delayed
union or nonunion, osteonecrosis, or premature clo-
sure of the proximal femoral physis with overgrowth
of the greater trochanter.(2,4,5,8,32) Reports of coxa vara
vary from 8% to 36% in children with hip frac-
tures.(13,15,24) Remodeling may occur in very young
children (approximately 0 to 3 years old) with mild
coxa vara if the neck-shaft angle is > 110°.(13,33) A
subtrochanteric valgus osteotomy may be considered
for children older than 8 years and for those with a
neck-shaft angle of less than 110 degrees.(2)

The limitations of this study include the small
patient number and the short follow-up. In addition,
this was an observational, retrospective study, so the
scientific analysis needs further evaluation.

Conclusion
Osteonecrosis is the most severe complication

after femoral neck fracture in children. It is associat-
ed with poor functional results. Early surgery and
anatomical reduction could decrease the occurrence
of osteonecrosis.
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