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ÖZET

Amaç: Bu çalışmanın amacı, pediatrik femur boyun kırıklarının klinik ve radyolojik 
sonuçlarını değerlendirmek ve sonuçları literatürle karşılaştırmaktır.

Yöntemler: 2005-2012 tarihleri arasında femur boyun kırıklıkları tanısıyla tedavi 
edilen hastaları retrospektif olarak taradık. Takiplerini aksatmayan ve minimum 1 
yıllık takip süresi olan 14 hasta (6 kız çocuk, 8 erkek çocuk) kayıtlardan bulundu. 
Kırığın nedeni ve uygulanan tedavi tipi kayıtlardan araştırıldı. Kırık tipini belirlem-
ede Delbet-Colonna sınıflaması kullanıldı. Son kontrolde, femur boyun-şaft açısı ve 
etkilenen kalçanın hareket açıklığı ölçüldü. Nihai sonuç Ratliff’in değerlendirme krit-
erlerine göre skorlandı. Avasküler nekrozlar (AVN) Ratliff’in AVN sınıflama sistemine 
göre sınıflandırıldı.

Bulgular: Hastaların ortalama yaşı 9.9 olup ortalama takip 35 aydı. Delbet-Colonna 
sınıflamasına göre;  hastalardan 1’i tip 1 (%7.1), 4’ü tip 2 (%28.6), 8’i tip 3 (%57.2) 
ve 1’i tip 4’dü (%7.1). 14 kırığın 8’i kaymış kırıktı (%57.2) ve 6’sı kaymamış kırıktı 
(%48.2). Ratliff değerlendirme kriterlerine göre, 14 hastanın 11’inin iyi (%78.6), 1’inin 
orta (%7.1) ve 2’sinin (%14.3) kötü sonucu vardı. Ratliff AVN sınıflamasına göre, 2 
hastada tip 3 (%14.3) ve 1 hastada tip 1 (%7.1) AVN vardı.

Sonuç: Sonuçlarımıza göre, pediatrik femur boyun kırıklarının tedavisinde anatomik 
redüksiyon (kapalı veya açık) ve stabil internal tespiti öneriyoruz.

Anahtar kelimeler: femoral boyun kırıkları, pediatri, yaralanmalar, avasküler nekroz

ABSTRACT

Aim: The aim of this study was to evaluate the clinical and radiological results of 
pediatric femoral neck fractures and compare the results with the literature.

Methods: We retrospectively reviewed patients with the diagnosis of femoral neck 
fracture who were treated between 2005 and 2012. 14 patients (6 girls, 8 boys) were 
found in compliance with the follow-up and with a minimum follow-up of 1 year. Caus-
es of the fracture and types of the treatment were investigated from our medical 
records. Delbet-Colonna classification was used to determine the type of the frac-
tures. At the last follow-up, femoral neck shaft angle (FNSA) and range of motion 
(ROM) of the affected hip were measured. Outcome was scored according to Ratliff’s 
assessment criteria. Avascular necrosis (AVN) was classified according to Ratliff’s 
AVN classification system. 

Results: The mean age of patients was 9.9 years and the mean follow-up was 35 
months. According to Delbet-Colonna classification; 1 patient was type I (7.1%), 4 
were type II (28.6%), 8 were type III (57.2%) and 1 was type IV (7.1%). Eight of 14 
fractures were displaced (57.2%) and six were non-displaced (42.8%). Eleven of 14 
patients had good (78.6 %), 1 had fair (7.1%) and 2 had poor (14.3%) results accord-
ing to Ratliff’s assessment criteria. According to Ratliff’s AVN classification, 2 patients 
had Type-III (14.2 %) and 1 had Type-I AVN (7.1 %). 

Conclusion: According to our results, we recommend anatomical reduction (close or 
open) and stable internal fixation for the treatment of pediatric femoral neck fractures. 
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Femoral neck fractures are rare in children; they 
consist only less than 1% of all pediatric fractures, 

which require high-energy trauma to occur, and there-
fore usually associated with additional injuries. Pediat-
ric femoral neck fractures also have high complication 
rate as much as adult counterparts such as avascular 
necrosis and pseudoarthrosis [1-5]. 

The aim of this study was to evaluate the clinical and 
radiological results of pediatric femoral neck fractures 
and compare the results with the literature.

PATIENTS AND METHOD

We retrospectively reviewed patients between 0 and 16 
years old with the diagnosis of femoral neck fracture 
who were treated between 2005 and 2012. We found 
14 patients (6 girls, 8 boys) from our data that were in 
compliance with the follow-up and with a minimum 
follow-up of 1 year. Causes of the fracture and types 
of the treatment were investigated from our medical 
records. We evaluated initial, post-treatment and the 
final antero-posterior (AP) and lateral pelvis radiog-
raphs of all patients from our radiologic database. Del-
bet-Colonna classification was used to determine the 
type of the fractures [6] (Figure 1). 

Figure 1. Delbet-Colonna classification for pediatric femoral neck frac-
tures; (I) Type I: Transphyseal, (II) Type II: Transcervical, (III) Type 
III: Basocervical and (IV) Type IV: Intertrochanteric fracture lines were 
shown.

The quality of reduction was determined as anatomic 
(no angulations and step-off), acceptable (minimal an-
gulations and step-off) and poor (unacceptable angu-
lations and step-off) according to postoperative pelvis 
AP and lateral radiographs. At the last follow-up, fe-

moral neck shaft angle (FNSA) and range of motion 
(ROM) of the affected hip were measured. Outcome 
was scored according to Ratliff’s criteria (Table 1). 
Radiographs were also evaluated for joint congruen-
cy, arthritic changes and avascular necrosis (AVN). 
Avascular necrosis was classified according to Ratliff’s 
AVN classification system [1].

Table 1 Ratliff 's criteria for final results*

 Good Fair Poor

Pain None or ignoring Occasional Disabiling

Movement
Full or terminal 
restriction

Greater than 50 
percent

Less than 50 
percent

Activity
Normal or 
patient avoids 
games

Normal or 
patient avoids 
games

Restricted

Radiographs
Normal or some 
deformity femo-
ral neck

Severe defor-
mity of femoral 
neck and mild 
avascular 
necrosis

Severe avas-
cular necrosis, 
degenerative 
arthritis, 
arthrodesis

*  Ratliff AH. Fractures of the neck of the femur in children. J Bone Joint 
Surg Br. 1962 Aug;44-B:528-42

RESULTS

The mean age of patients was 9.9 years (ranges, 4 to 16 
years) which was 9.4 ± 1 years (ranges, 6 to 12 years old) 
for girls and 10.3 ± 2 years (ranges, 4 to 16 years) for 
boys. Mean time from the injury to the last follow-up 
was 35 months (ranges, 15 to 97 months). When the 
etiologies of 14 fractures reviewed; 8 patients had a 
fall from height, 3 patients had a fall while playing on 
ground level, 1 patient had a passenger injury inside a 
motor vehicle, and 2 patients described previous minor 
trauma and gradual worsening before admission to our 
hospital. In these 2 patients, it was not clearly iden-
tified whether the main reason was stress fracture or 
gradually displaced fracture. According to Delbet-Co-
lonna classification; 1 patient was type I (7.1%), 4 pa-
tients were type II (28.6%), 8 patients were type III 
(57.2%) and 1 patient was type IV (7.1%). Eight of 14 
fractures were displaced (57.2%) and six fractures were 
non-displaced (42.8%) (Table 2). 

A total of 12 cases were managed by surgical treatment 
and 2 cases were managed by closed reduction and spi-
ca cast. Closed reduction and internal fixation (CRIF) 
was performed in 8 patients, open reduction and in-
ternal fixation (ORIF) was performed in 2 patients. 
Internal fixation was performed by 3 cannulated screws 
in 6 patients, by 2 cannulated screws in 2 patients, by 
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1 cannulated screw with 1 k-wire in 1 patient, and by 
4 k-wires in 1 patient. During the follow-up, valgus 
osteotomy with external fixation was performed in one 
neglected fracture, which was partially united at first 
admission. All cases except one neglected fracture were 
operated within 24 hours from injury. Of the 14 pa-
tients, anatomic reduction was achieved in 12 patients 
(85.7%) and acceptable reduction was achieved in 2 
patients (Table 2). 

Thirteen patients had a full hip ROM at last fol-
low-up. One 9 years old girl who had a non-displaced 
transcervical fracture treated by spica cast and one 5 
years old boy with a neglected fracture who had valgus 
osteotomy and external fixation had limited hip ROM 
at last follow-up. The mean FNSA at last control was 
136 ± 2 degrees (ranges, 122 to 142 degrees) except 
the neglected case who had 95 degrees of FNSA and 
partially united Delbet-Colonna Type-I fracture in the 
beginning. Eleven of 14 patients had good (78.6 %), 1 
had fair (7.1 %) and 2 had poor (14.3 %) results accor-
ding to Ratliff’s assessment criteria (Fig. 2)(Table 3). 

All patients had a congruent joint however, one patient 
had Type-I AVN with the signs of arthrosis at the fi-
nal radiographs (Fig.3). According to Ratliff’s AVN 
classification, 2 patients (14.3 %) had Type-III and 1 
patient (7.1 %) had Type-I AVN. Eleven of the 14 
patients (78.6%) did not have the signs of AVN. We 
had only one Delbet-Colonna Type-I fracture and it 

was a 5 years old boy describing previous minor trauma 
and gradual worsening. At the time of the diagnosis 
that was partially united in a coxa-vara position thus, 
we did subtrochanteric valgus osteotomy and used an 
external fixator to correct the FNSA. This patient had 
Ratliff Type-III AVN, limited ROM, and a poor re-
sult at the latest follow-up. The second Type-III AVN 
was a 12 years old girl who had displaced Type-3 fra-
cture after a 2 meters fall and treated by CRIF with 

3 cannulated screws. The only Type-I AVN was a 9 
years old girl who had non-displaced Type-2 fracture 
after a 2 meters fall and treated by a spica cast. Prema-
ture physeal closure was not noted in any of the treated 

Table 2. Demographic data, etiologies, fracture classifications and fracture displacements of the patients

Patient Age (years) Sex
Follow-up 
(months)

Mechanism of 
Trauma

Fracture Classification 
(Delbet-Colona)

Fracture Displace-
ment

1 14 female 15 Fall while playing 3 Non-displaced

2 5 male 15
Minor previous 

trauma
1 Displaced

3 13 male 16 Fall from height 2 Displaced

4 15 male 17 Fall while playing 3 Displaced

5 16 male 20 Fall while playing 3 Non-displaced

6 7 male 21
Motor vehicle 

accident
3 Displaced

7 7 female 26 Fall from height 3 Displaced

8 11 female 27 Fall from height 3 Displaced

9 12 male 33 Fall from height 3 Displaced

10 11 female 36 Fall from height 2 Non-displaced

11 6 female 49
Minor previous 

trauma
2 Non-displaced

12 8 male 56 Fall from height 3 Displaced

13 9 female 60 Fall from height 2 Non-displaced

14 4 male 97 Fall from height 4 Non-displaced

Figure 2. A thirteen years old boy 
with Delbet-Colonna type 2 dis-
placed transcervical femoral neck 
fracture of the right hip after falling 
from height; his (a) preoperative, 
(b) postoperative and (c) 16 months 
follow-up pelvis radiographs were 
shown.
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fractures.

DISCUSSION

There is a vast difference between the studies repor-
ting their success rate on pediatric femoral neck fra-
ctures because of its rarity. Ratliff’s study contains 
patients from 1947 to 1959 and the authors repor-
ted 42% AVN and almost 30% satisfactory results in 
displaced fractures [1]. In 1977, Canale et al exami-
ned 61 fractures treated in their clinic since 1922 and 
reported 43% AVN rate equally distributed between 
both sexes [3]. Their results were comparable with 
Ratliff’s study. Authors showed Delbet Type-I frac-
tures ended up with a 100% AVN rate while Type-II 
fractures had 52%, Type-III 27% and Type-IV 14% 
rate of AVN [3]. They also showed that 92% of the 
fractures, which had AVN, were displaced ones. Mo-
reover, they showed that the risk for AVN increased 
by child’s age [3]. However , Lam published his study 
with 75 patients treated between 1961 and 1970 and 
reported much higher successful  results with only 17% 
AVN rate for the first time [2]. They used Knowles 
pins, Moore pins or Steinman pins primarily for fixa-
tion at that time, which are not capable of sufficient 
compression, therefore might cause worse outcome in 
displaced fractures. They also did not mention about 
the time passed until the surgery. Thus, direct compa-
rison of those results with recent ones is not reasonab-
le. However, their conclusions about the complications 
are still not obsolete and confirmed many times in later 
studies [2]. 

Forlin et al reviewed 16 femoral neck fractures with as-
sociated complications and showed that coxa vara and 
premature physeal closure alone was not responsible 

for a poor result [7]. Authors concluded that AVN was 
the most important complication that affects the out-
come [7]. Displacement of the fracture, timing of the 
surgery and quality of the reduction are found to be the 
predictors of the outcome in many other studies [1-5]. 
Heiser reported excellent results with non-displaced 
fractures but half of the displaced fractures in his se-
ries ended up with unsatisfactory results [8]. In our se-
ries, 2 out of 8 displaced fractures (25%) ended up with 
Type-III AVN, one poor and one fair results. Only 1 
out of 6 (17%) non-displaced fractures ended up with 
Type-I AVN and poor result.

Flynn et al reported a 6 % incidence of AVN with ur-
gent anatomical reduction rigid internal fixation and 
spica cast for 6 weeks [9]. Shrader et al reported that 
the timing of surgery was the major predictor for the 
risk of AVN [10]. They recommended urgent surgery 
within 24 hours to reduce the risk of AVN [10]. Other 
recent studies had also emphasized that delay in fixati-
on is a primary factor responsible for the outcome [11, 
12, 13]. In our study, all patients except one with a 
delayed diagnosis were operated within 24 hours. Neg-
lected fracture ended up with a Type-III AVN. Exc-
luding that neglected fracture, we had 1 Type-I and 
1 Type-III AVN that represent 14 % of the patients. 

Moon et al showed fracture type and the age were the 
best predictors of AVN in a large meta-analysis [4]. 
In our study the only Type-I fracture was a neglected 
fracture and was partially united at the time of diag-
nosis and ended up with a Type-III AVN. We had 9 
Type-III fractures and only one ended up with a Ty-
pe-III AVN that means 11% incidence. We had 1 Ty-
pe-I AVN out of 4 Type-II fractures that means 25% 
incidence.  

Nayeemuddin et al evaluated 15 fractures treated by 
CRIF with a mean age of 10 years, had a mean of 31 
months follow-up, and reported a 93% success rate 
[14]. They addressed that anatomical reduction with 
a stable fixation may improve the outcome [14]. Den-
dane et al reported higher AVN rate after ORIF and 
they recommended CRIF [15]. However, Song et al 
reported higher success rate with ORIF (93.3 %) over 
CRIF (58.3 %) and stated that repeated attempts of 
closed reduction may harm the vessels of the femoral 
head and should be avoided [16]. Bali et al had only 2 
satisfactory results out of 5 patients that had conserva-
tive treatment [17]. They recommended operative tre-
atments especially ORIF over CRIF [17]. In a recent 

Figure 3. A nine years old girl with 
Delbet-Colonna type 2 non-dis-
placed transcervical femoral neck 
fracture of the left hip who was 
treated with spica cast. Her (a) 
first admission pelvis radiograph, 
(b) 24 months follow-up pelvis 
radiograph with type II AVN and 
(b) 60 months follow-up pelvisra-
diographs with the sign of arthro-
sis were shown. 
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study, Stone et al compared femoral neck fractures 
which were treated by CRIF and ORIF and reported 
higher AVN rates in CRIF group [18]. However, in 
the same study no significant difference seen in re-
sults according to Ratliff criteria [18]. In our patients, 
we did not insist on closed reduction and if reduction 
could not be maintained after a few gentle attempts, 
we reverted to open reduction. None of the 2 patients 
in ORIF group had AVN and both ended up with a 
good result.

Morsy, showed radiologic changes of AVN were evi-
dent at an average period of 10 months (ranges, 3 to 20 
months) [19]. Therefore, as we know AVN is the most 
important indicator for unsatisfactory result, long term 
follow-up is not mandatory for predicting satisfactory 
outcome. In this manner, we believe our AVN rates 
would not increase when we lengthen the follow-up.  

Inan et al could not find any relation between AVN 
rate and the age, gender, amount of displacement, tre-
atment time or the type of the surgery [20]. Only fac-
tor affects the outcome was the type of the fracture and 

Type-II fractures were the worst ones [20]. However, 
Kuo et al could not find significant relation between 
fracture type and AVN in their study [21]. Most re-
cently Yeranosian et al made a systematic review of 
935 cases in the literature and found early intervention 
was the only consistent factor that reduced the AVN 
rate [5]. They could not find clear evidence that cap-
sular decompression had a benefit to avoid AVN [5]. 
Our AVN rate is also as low as in the studies that re-
commend capsular decompression even though we did 
not routinely perform capsular decompression in our 
patients. 

Usually less severe patients are being referred to our 
hospital thus calculated rate of femoral neck fractures 
among all pediatric fractures is even less than other 
reported rates with a 0.16 %. Due to less severe pa-
tients, children in our series did not have concomitant 
injuries like additional fractures, internal organ trau-
ma or brain damage, which may contribute to worse 
results. In our series, 1 patient was Delbet-Colonna 
Type-I (6.7%), 4 patients were Type-II (26.7%), 8 pa-
tients were Type-III (60%) and 1 patient was Type-IV 

      Table 3. Treatment method and final outcomes of the patients

Patient Age (years) Treatment
Fixation Mate-
rial

Reduction Hip ROM FNSA (degree)
Ratliff Classifi-

cation
Complications

1 14 CRIF
3 Cannulated 
screws

Anatomic Full 142 Good None

2 5
Valgus osteot-

omy
External 
fixator

Acceptable Limited 95 Poor Type III AVN

3 13 CRIF
3 Cannulated 
screws

Anatomic Full 138 Good None

4 15 CRIF
3 Cannulated 
screws

Anatomic Full 137 Good None

5 16 CRIF
3 Cannulated 
screws

Anatomic Full 122 Good None

6 7 CRIF
3 Cannulated 
screws

Anatomic Full 129 Good None

7 7 CRIF 4 k-wire Anatomic Full 133 Good None

8 11 ORIF
2 Cannulated 
screws

Acceptable Full 130 Good None

9 12 CRIF
3 Cannulated 
screws

Anatomic Full 142 Fair Type III AVN

10 11 CRIF
2 Cannulated 
screws

Anatomic Full 138 Good None

11 6 Spica Cast None Anatomic Full 141 Good None

12 8 ORIF
1 Cannulated 
screw and 1 
k-wire

Anatomic Full 140 Good None

13 9 Spica Cast None Anatomic Limited 137 Poor
Type I AVN, 

arthorosis

14 4 Spica Cast None Anatomic Full 135 Good None
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(6.7%) fracture. Almost in all previous studies Type-II 
and Type-III fractures were the most common ones. 
However, usually Type-II fractures were more often 
than Type-III. In our study, Type-III fractures were 
two folds more than Type-II. This may be the con-
sequence of the less vigorously traumatized patients of 
ours.  

Togrul et al reported high premature physeal arrest in 
their series and thought that was because of iatrogenic 
physeal damage by implants [22]. Therefore, they re-
commended not passing through the physis [22]. On 
the other hand, in our series; attention was mostly given 
to the stability of the fixation. Physeal penetration was 
avoided as much as possible without compromising the 
stability of the fracture. One 7 years old patient had 
4 K-wires in her epiphysis and a total of 6 cannulated 
screws passed through the physis in 3 operated patients 
who had a mean age of 15 years old and none had no-
ticeable premature physeal closure or AVN. In a recent 
prospective multi-center study in Indian population, 
28 patients with femoral neck fractures were treated 
and the authors reported 14.2 % AVN rate with 82.1 
% good results according to Ratliff’s criteria [23]. In 
the same study, authors divided femoral neck into four 
zones and recommended smooth pins near to physis 
and cancellous screws in zones far to physis [23]. 

The main limitations of this study were its retrospec-
tive design and limited patient population. However, 
pediatric femoral neck fracture is a rare condition to 
report results in large patient populations. Besides, we 
compared our results with the literature widely

CONCLUSION: According to our results, we believe 
that anatomical reduction (close or open) and stable 
internal fixation is an appropriate method for treating 
pediatric femoral neck fractures. 
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