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Abstract
Objective Pediatric proximal femur fracture is extremely rare trauma comparing to other fractures. The proximal femur 
fracture is 1% of all pediatric fractures. The aim of current study is to compare the incidence of early complications and 
outcomes of pediatric proximal femur fractures regarding fracture types retrospectively.
Design Our study includes 35 cases which are criticized by Delbet classification system, modalities of treatment, duration 
of waiting for surgery, duration of follow-up and also complications. Our inclusion criteria are age below 16 years old, 
proximal femur fractures with no evidence of tumoral, romathologic and methabolic conditions. Age, sex and surgery type 
(open-closed) were noted, and the data were statistically assessed. Assessment of the final outcome was made at the last 
follow-up visit using the Ratliff’s method.
Results The mean of age of patients in our study is 9.5 ± 5.06 years. The average follow-up was 25.6 ± 13.2 months. 15 
patients (42.9%) are type 2 Delbet fracture, 5 patients (14.2%) are Delbet type 3 and 15 patients (42.9%) are Delbet type 4 
fracture. Using the Ratliff’s method, 25 patients (71.4%) had satisfactory outcomes. Ten patients (28.6%) had unsatisfactory 
outcomes. The complications as AVN, coxa vara and premature closure of physis, non-union and postoperative infections have 
been detected in this study. AVN was seen in four (11.4%) patients. In addition, coxa vara was seen in six (17.2%) patients.
Conclusion Pediatric femoral neck fractures are extremely rare fractures and can be treated with low complication rates in 
cases with early treatment and anatomic reduction.

Keywords Pediatric femoral neck fracture · Avascular necrosis · Coxa vara · Osteonecrosis

Objective

Pediatric proximal femur fracture is extremely rare trauma 
comparing to other fractures. The proximal femur fracture 
is 1% of all pediatric fractures [1]. In addition, the pedi-
atric proximal femur fracture accompanies usually with 
other traumatic conditions which are neurologic conditions, 
abdominal trauma, head and neck and thorax trauma [2]. 
The pediatric proximal femur fracture is highly linked to 
complications because of the diffrence of blood supply and 
high-energy falls. The pediatric proximal femur has less 
anastomosis and collateral blood circulation. In this condi-
tion, the pediatric proximal femur is imperilment [3]. The 
pediatric proximal femur fracture is emergency, so diag-
nosis, treatment and follow-up are critical. The modalities 
of treatment are pelvic spica cast, closed reduction and pin 
fixation, closed reduction and screw fixation, open reduc-
tion and internal fixation and also dynamic hip screws [4]. 
Nevertheless, the rate of avascular necrosis is 20%, coxa vara 
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is 20–30%, the rate of premature physeal closure is 28% and 
non-union rate is 7%. The aim of current study is to com-
pare the incidence of early complications and outcomes of 
pediatric proximal femur fractures regarding fracture types 
retrospectively.

Design

The study was approved by the institutional review board 
and perfomed in accordance with the ethical standards laid 
down in the Declaration of Helsinki. All patients provided 
written informed consent before their inclusion in the study. 
Our inclusion criteria are age below 16 years old, proximal 
femur fractures with no evidence of tumoral, romathologic 
and methabolic conditions. Our study includes 35 cases 
which are criticized by Delbet classification system, modali-
ties of treatment, duration of waiting for surgery, duration of 
follow-up and also complications.

The fractures were classified according to the Delbet 
system as popularized by Colonna (Fig. 1) [5]. The treat-
ment modalities used were conservative management, open 

reduction and internal fixation, or closed reduction and 
internal reduction depending on the patient and the fracture 
pattern [4].

Surgical decisions of the patients were made by the senior 
attending physician responsible from the emergency cases 
of that day, and they were operated by two senior surgeons. 
All cases were operated under general anesthesia and in 
supine position. At first, closed reduction was applied to 
each case, and open reduction was applied in cases where 
sufficient reduction could not be achieved. In cases under 
5 years old age with closed reduction application, reduc-
tion was achieved under fluoroscopy; afterward, hip spica 
was applied. Furthermore, in cases over 5 years of age with 
closed reduction, 4 mm or 6.5 mm cannulated screws were 
applied percutaneously (Fig. 2). In cases where closed reduc-
tion could not be achieved, open reduction was applied with 
anterolateral approach. Proximal femoral plate, dynamic hip 
screw, cannulated screw or proximal femoral nail were used 
for fracture fixation, depending on the pattern of fracture.

Age, sex and surgery type (open-closed) were noted, 
and the data were statistically assessed. Assessment of the 
final outcome was made at the last follow-up visit using the 

Fig. 1  Demonstration of Delbet 
classification on X-ray image 
(red line represents the fracture 
site)



1387European Journal of Orthopaedic Surgery & Traumatology (2022) 32:1385–1390 

1 3

Ratliff’s method [6]. A good outcome was rated as a ‘satis-
factory outcome’ and fair and poor outcomes or the presence 
of complications were rated as an ‘unsatisfactory outcome’. 
Radiographs were evaluated neck-shaft angle and avascular 
necrosis (AVN) which was further classified according to 
the Ratliff classification system [6]. Preoperative and post-
operative radiographic measures were taken by imaging soft-
ware used in our hospital named INFINITT PACS (Picture 
Archiving and Communication Systems) version 3.0.11.4 
(BN13).

Statistical analyses were performed with SPSS version 
25.0 software. The descriptive analyses were presented using 
mean, standard deviation, median and interquartile range 
(IQR) values. The compliance of the variables with normal 
distribution was examined with histogram graphs and the 
Kolmogorov–Smirnov test. The independent group t test was 
used when evaluating the normally distributed (parametric) 
variables between the groups, and the Mann–Whitney U 
test and Kruskal Wallis H test were used when evaluating 
the non-normally distributed (non-parametric) variables 
between the groups. The Chi-square and likelihood ratio 
tests were used when evaluating the categorical data. Cases 
where P value was under 0.05 were found as statistically 
significant.

Results

The mean of age of patients in our study is 9.5 ± 5.06 years. 
Our study consists of 20 boys (57.1%) and 15 girls (42.9%). 
The duration of waiting for surgery is averagely 7 h (IQR, 
11 h). The average follow-up was 25.6 ± 13.2 months. There 
is no patient which is type1 Delbet fracture. 15 patients 

(42.9%) are type 2 Delbet fracture, 5 patients (14.2%) are 
Delbet type 3 and 15 patients (42.9%) are Delbet type 4 frac-
ture. The data of the patients are shown in detail in Table 1.

Using the Ratliff’s method, 25 patients (71.4%) had sat-
isfactory outcomes. Ten patients (28.6%) had unsatisfactory 
outcomes. The complications as AVN, coxa vara and pre-
mature closure of physis, non-union and postoperative infec-
tions have been detected in this study. AVN was seen in four 
(11.4%) patients. three of these patients were Delbet type 2; 
the remaining patient is also type 3. In addition, coxa vara 
was seen in six (17.2%) patients (Fig. 3). When the relation-
ship between complications and fracture types was exam-
ined, no statistically significant difference was observed 
(p 0.14, p 0.62). Other complications were not reported in 
our study. The complications of the patients included in the 
study are shown in detail in Table 2. Complications were 
observed in a total of 10 patients in the study, and none of 
them had satisfactory outcomes.

Conclusion

Femoral neck fractures are very rare in the pediatric age 
group. Although there are orthopedists who have not 
encountered these cases throughout their professional life, 
it has been observed in a few studies in the literature that 
the number of patients is higher than our study [4, 7–9]. 
Considering the studies in the literature in the last decade, 
it is the study with the highest number of cases as far as we 
know. When these studies were compared with the AVN 
rates, it was observed that our results were better (Table 3).

Femur neck fractures were initially classified according to 
the four-part classification system described by Delbet and 

Fig. 2  a Preoperative X-ray of a 
type 2 femoral neck fracture in 
a boy of 8 years old. b X-ray of 
the same patient after fixation 
with cannulated screw
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popularized by Colonna [5]. Most of the studies on femoral 
neck fractures in children reported Delbet type 2 fractures 
as the most common, followed by type 3 (both types consti-
tute about 65–85% of all cases of pediatric fractures of the 
femoral neck) and type 4 (12%). Type 1 fractures (transepi-
physeal) are extremely rare in the literature [3, 4, 6, 7]. In 
our study, type 1 fracture was not observed in accordance 
with the literature; type 2 and 4 were the most common type 
of fracture.

Avascular necrosis is the most common complication fol-
lowing femoral neck fracture in children. The risk of avascu-
lar necrosis depends on several factors, including age, degree 
of initial displacement, type of fracture and time to surgery 
[6, 7, 10–15]. The most important factor is the severity of 
vascular damage sustained at the time of trauma [16]. A 
meta-analysis of 360 pediatric femoral neck fractures [14] 
demonstrated that osteonecrosis in type 1, 2 and 3 fractures 
were 15, 6 and 4 times more frequent than in type 4 frac-
tures. Furthermore, osteonecrosis was 1.14 times more fre-
quent in older children for each year of increasing age. This 
occurs because these patients lack the ability to revascularize 
the femoral head. Furthermore, due to their attitude, type 1, 
2 and 3 fractures occur more often than in younger children. 
Considering the distribution of fracture types in our study, 
it is seen that type 4 fractures are at the same rate as type 2 
fractures. However, type 2 is the most common type in the 
literature and it has been seen that it is significantly more 
than type 4. In this case, the same rate of type 2 and type 
4 fractures in our study may have caused our AVN rate to 
be lower.

Femur neck fractures in children are always a result of 
high-energy trauma for the reason that the femoral neck of 
children is dense and hard compared to adult femoral neck. 
As a result, these fractures are usually associated with other 
injuries which should be addressed [4]. In our study, it was 
observed that 77% of these rare fractures were due to traffic 
accidents and fall from height.

Coxa vara is also an important complication. Varus 
deformity is usually not a primary complication, but 

Table 1  Data of the patients included in the study

Age (mean ± SD) 9.5 ± 5.06 years
Sex [n (%)]
 Girl 15 (42.9%)
 Boy 20 (57.1%)

Laterality [n (%)]
 Right 17 (48.6%)
 Left 18 (51.4%)

Mechanism of fracture [n (%)]
 Traffic accident 17 (48.6%)
 Fall from height 10 (28.6%)
 Fall from bicycle/skate 6 (17.1%)
 Simple fall 2 (5.7%)

Type of fracture [n (%)]
 Type 1 –
 Type 2 15 (42.9%)
 Type 3 5 (14.2%)
 Type 4 15 (42.9%)

Type of reduction [n (%)]
 Closed 19 (54.3%)
 Open 16 (45.7%)

Type of fixation [n (%)]
 Conservative 10 (28.5%)
 Cannulated screw 15 (42.9%)
 DHS 1 (2.9%)
 Plate-screw 6 (17.1%)
 IMN 3 (8.6%)

Time to treatment (median/IQR) 7/11 h
Union time (mean ± SD) 8.1 ± 2.1 weeks
Follow-up (mean ± SD) 25.6 ± 13.2 months
Complications [n (%)]
 AVN 4 (11.4%)
 Coxa vara 6 (17.1%)

Outcomes [n (%)] (Ratliff’s method)
 Good 25 (71.4%)
 Poor 9 (25.7%)
 Fair 1 (2.9%)

Fig. 3  a Preoperative X-ray of a 
type 2 femoral neck fracture in a 
girl of 9 years old. b Preopera-
tive X-ray of a type 2 femoral 
neck fracture in a boy of 8 years 
old
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secondary to AVN, non-union, or premature physeal clo-
sure or a combination of these complications [13]. Severe 
coxa vara can shorten the extremity and cause a Trende-
lenburg lurch. In our study, it was seen at a rate of 17.1%, 
which is lower than the literature.

The main limitations of our study are that the research 
was conducted retrospectively and the surgical treatments 
of the patients included in the study could not be per-
formed by a single surgeon. The small sample size can 
be considered as a limitation due to the rare fractures. In 
addition, the fact that the distribution of fracture types is 
not compatible with the literature may have caused the 
difference in terms of results.

In conclusion, pediatric femoral neck fractures are 
extremely rare fractures and can be treated with low com-
plication rates in cases with early treatment and anatomic 
reduction.
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Table 2  Complications of the patients included in the study

No Age Gender Type of fracture Time to 
treatment (h)

Type of reduction Type of treatment Mechanism Follow-up 
(months)

Coxa vara
Patient 2 4 Girl Type 2 1 Closed Hip spica Traffic accident 48
Patient 10 3 Boy Type 4 1 Closed Hip spica Traffic accident 12
Patient 15 9 Girl Type 2 6 Open Can. screw Fall from height 18
Patient 23 10 Girl Type 2 9 Open Plate-screw Fall from height 24
Patient 32 11 Girl Type 4 24 Open Plate-screw Fall from bicycle 15
Patient 33 14 Boy Type 4 24 Open Plate-screw Fall from height 12
AVN
Patient 12 12 Boy Type 2 4 Open Can. screw Traffic accident 36
Patient 22 10 Girl Type 2 8 Open Can. screw Fall from bicycle 48
Patient 24 8 Girl Type 3 9 Closed Can. screw Traffic accident 36
Patient 25 14 Boy Type 2 9 Open Can. screw Fall from height 22

Table 3  Complication rates of 
other studies in the literature

Studies No. of patient Year AVN (%) Coxa vara (%) Good 
outcomes 
(%)

Ratliff [6] 70 1962 42 20 44
Canale and Bourland [10] 61 1977 43 – 55
Leung and Lam [17] 41 1986 20 10 29
Morsy [9] 53 2001 40 36 49
Bagatur et al. [13] 17 2002 53 47 41
Flynn et al. [18] 18 2002 6 0 83
Mirdad [12] 14 2002 50 0 50
Togrul et al. [7] 63 2005 15 8 67
Inan et al. [8] 39 2009 28 0 72
Bali et al. [4] 36 2011 19 8 75
Present study 35 2021 11.4 17.1 71.4
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