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RESULTS OF TREATMENT OF CHILDREN  
WITH FEMORAL NECK FRACTURES
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Introduction. Femoral fractures in children remain a topical problem because of the risk and frequency of severe 
complications, such as aseptic necrosis of the femoral head that causes deforming coxarthrosis and early disabilities. 
This type of injury accounts for approximately 1% of all skeletal bone fractures in childhood. In 80% of the cases, 
the cause of femoral neck fracture is a  severe trauma, but in 15% of patients, the fracture occurs despite inadequate 
trauma during physiologically normal activity of the child. With femoral neck fractures without stable osteosynthesis, 
consolidation of bone fragments occurs extremely rarely, and a long period of immobilization during conservative 
treatment is accompanied by a risk of complications caused by hypodynamia.
Aim. To conduct a retrospective analysis of the results of surgical treatment of different types of fracture of the femoral 
neck in children.
Materials and methods. We analyzed surgical treatment results of 5 children aged 10 to 17 years (4 boys, 1 girl) 
with different types of femoral neck fractures according to the Delbet and Colonna classification. The cause of the 
fractures in all 5 children was a high-energy trauma. All patients, depending on the type of fracture, underwent 
a closed repositioning with osteosynthesis of the fragments using metal constructions (cannulated screws, DHS plate). 
Follow-up observations were performed ≤7 years after the surgical treatment.
Results. Restoration of the hip joint function, absence of pain syndrome, absence of complications, and complete social 
adaptation was achieved in all cases.
Conclusion. Femoral neck fractures are subject to immediate surgical treatment because there is a high risk of aseptic 
necrosis of the head of the femur. With the correct technical performance, it is possible to achieve stable, positive, 
functional, and radiologic long-term results.
Keywords: children; femoral neck fracture; surgical treatment.
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Введение. Переломы шейки бедренной кости у детей остаются актуальной проблемой в связи с риском и часто-
той возникновения тяжелых осложнений, таких как асептический некроз головки бедренной кости, являющий-
ся причиной деформирующего коксартроза и ранней инвалидизации ребенка. Данный вид травмы составляет 
примерно 1 % от всех переломов костей скелета в детском возрасте. В 80 % случаев причиной перелома шейки 
бедренной кости служит тяжелая травма, однако у  15 % пациентов перелом происходит при неадекватной 
травме в случае физиологически нормальной активности ребенка. При переломах шейки бедра без стабильного 
остеосинтеза консолидация костных отломков наступает крайне редко, а  длительный период иммобилизации 
в ходе консервативного лечения сопровождается риском развития осложнений, обусловленных гиподинамией.
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Цель работы  — провести ретроспективный анализ результатов хирургического лечения различных типов 
переломов шейки бедренной кости у детей.
Материалы и  методы. Проанализированы результаты хирургического лечения 5 детей в  возрасте от 10 до 
17  лет с  различными типами переломов шейки бедренной кости по классификации Delbet и  Colonna, в  том 
числе 4 мальчиков и 1 девочки. В анамнезе у всех 5 детей причиной перелома стала кататравма. Всем пациен-
там в зависимости от типа перелома проведена закрытая репозиция с остеосинтезом фрагментов металлокон-
струкциями (канюлированные винты, пластина DHS).
Результаты. В сроки наблюдения до 7 лет после хирургического лечения во всех случаях отмечались восста-
новление функции тазобедренного сустава, отсутствие болевого синдрома, осложнений, полная социальная 
и бытовая адаптация.
Заключение. Переломы шейки бедренной кости подлежат хирургическому лечению в связи с высоким риском 
возникновения асептического некроза головки бедренной кости. При корректном техническом исполнении 
возможно достижение длительного стабильного положительного функционального и  рентгенологического 
результата в отдаленном периоде.
Ключевые слова: дети; перелом шейки бедренной кости; хирургическое лечение.

“The truth is that fractures of the proximal 
femur in children are so rare that no one has 
much experience in their treatment.”  
 Blount

According to the World Health Organization 
(WHO), the number of fractures of the proximal 
femur is on the rise worldwide, especially in 
developed countries where life expectancy has 
recently increased [1]. In adult patients, proximal 
femoral fractures are perceived as a real epidemic 
with a high (up to 10%–20%) primary mortality, 
treatment challenges inherent to this injury, and the 
cause of an increased mortality in the near future 
[2, 3]. In children, such fractures are relatively rare 
and account for approximately 1% of all skeletal 
fractures. They most frequently occur at the age of 
5–14 years and are much less common at the ages 
of 2–4 and 15–17 years [4]. According to WHO, in 
1990 approximately 1.3 million cases of proximal 
femoral fractures were recorded worldwide, half 
of which were intra-articular fractures [5]. In 80% 
of cases, the fracture of the femoral neck is caused 
by a severe trauma. In 15% of the young patients, 
the fracture occurs as a result of physiologically 
normal activity during games; that is, when falling 

and jumping from a height of 0.5–1.5 m, when 
performing splits and half-splits, and in case of 
direct impacts of moderate strength in the area 
of a great trochanter. Lastly, pathologic fractures 
are noted in the remaining 5% of cases [1]. The 
classifications by Delbet (1907) and Colonna (1929) 
are most often used for determining the type of 
fracture [6] (Table 1).

According to the AO/ASIF organization, 
the preferred method of surgical treatment of 
fractures of types I and II in children would 
be transcutaneous pinning, while for treating 
types III and IV, both pinning and extra-cortical 
osteosynthesis using a plate can be employed. The 
conservative treatment of intra-articular femoral 
neck fractures with displacement is associated 
with a risk of complications including skin trophic 
disorders and pneumonia caused by prolonged 
bed rest and plaster immobilization of the lower 
limb [7]. Surgical intervention that can be open 
or closed repositioning of bone fragments and 

Table 1
P.C. Colonna modified classification of fractures of the femoral neck according to M.P. Delbet

Type Description Frequency, % Risk of avascular  
necrosis, %

I Subcapital (IA without epiphysis dislocation beyond the 
cotyloid cavity, IB with epiphysis dislocation beyond the 
cotyloid cavity)

< 10  38  (100 for IB)

II Transcervical 40–50 28

III Trochanteric-cervical (basicervical) 30–35 18

IV Pertrochanteric 10–20 5
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their fixation using various hardware structures, 
depending on the type of fracture, is indicated 
in more than 80% of cases. Surgical treatment is 
contraindicated in children under 4 years of age. 
Femoral neck fractures in children attract attention 
not due to the frequency of their occurrence, but 
due to the frequency of possible complication 
development [8–10]. In the Department of Hip Joint 
Pathology of the Turner Scientific and Research 
Institute for Children’s Orthopedics, 77 out of 278 
total hip replacement surgeries were performed 
for stage 3 posttraumatic coxarthrosis from  
2009 to 2017.

Specificity of the blood supply to the 
proximal femur

Blood supply to the femoral head is primarily 
provided by the arteria circumflexa femoris medialis, 
which in the fossa trochantarica region gives rise 

to three or four branches called rami retinaculares 
(capsule vessels). They pass dorsal-cranial along 
the neck in the synovial layer until they reach the 
border of the head cartilage where they enter the 
bone tissue for supplying blood to the head. The 
arteria obturatoria branches, located inside the 
ligamentum teres, supply blood only to a limited 
area of the bone tissue located near the ligament 
attachment. Additional blood supply to the femoral 
head is provided by the intraosseous vessels arising 
from the metaphysis in the cranial direction 
(Figure 1). In the case of a femoral neck fracture, 
intraosseous vessels are always damaged. In the case 
of intra-articular fractures (I, II, and III types), in 
addition to the above vessels, the a. circumflexa 
femoris medialis et lateralis branches may also be 
damaged (Figure 2) [11].

Thus, the fracture of the femoral neck represents 
an “emergency situation” that requires a quick and 
accurate intervention to minimize complications 
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15Fig. 1. Arterial blood supply of the proximal femur (according to 

P.A.  Romanov): 1  — artery of the ligament of the head; 2  — arc 
anastomosis of the upper and lower arteries of the head; 3  — arterial 
anastomosis of the articular periphery of the head; 4  — lower arteries 
of the head; 5  — medial circumflex femoral artery; 6  — femoral 
artery; 7  —  lateral circumflex femoral artery; 8  — deep thigh artery; 
9  — diaphyseal artery; 10  — branch of the I perforating artery; 
11  —  posterior cervical arteries; 12  — anterior cervical arteries; 
13  —  superior arteries of the neck and head; 14  — branch of the 

inferior gluteal artery; 15 — branch of the superior gluteal artery
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Fig. 2. Arterial blood supply to the femoral head with medial cervical 
fractures (according to P.A.  Romanov): 1  — upper arteries of the neck 
and head; 2 — artery of the ligament of the head; 3 — arc anastomosis 
of the upper and lower arteries of the head; 4  — lower arteries of the 
head; 5  — medial circumflex femoral artery; 6  — femoral artery; 7  — 
lateral circumflex femoral artery; 8 — deep thigh artery; 9 — branch of 
the inferior gluteal artery; 10  — branch of the superior gluteal artery
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along with taking into account costs associated with 
treatment and rehabilitation of the patient.

The present study conducted a retrospective 
analysis of the results of various types of fracture 
surgical treatment of the femoral neck in children.

Materials and methods

From month 2010 to month year, a total of five 
children, 4 boys and one girl, aged 10–15  years 
were treated for femoral neck fractures at 
various locations, in the Department of Hip Joint 
Pathology, Turner Scientific and Research Institute 
for Children’s Orthopedics, and the (Children’s) 
Department of Traumatology and Orthopedics 
of the Federal State Institution Federal Center 
of traumatology, orthopedics and endoprosthesis 
replacement (Smolensk). All guardians/parents 
voluntarily signed the informed consent to 
participate in the study, including processing of 
personal data and surgical intervention. According 
to the Colonna classification, type IA was observed 
in one patient, type IB was not noted, type II was 
in two patients, type III was noted in two patients, 
and type IV also was not observed. The cause of 
the fracture in all children was catatrauma. All 
patients were hospitalized in a primary care facility, 
where only immobilization with an antirotation 
plaster cast and symptomatic therapy aimed at 
arresting the pain syndrome were performed. 
Clinical, radiologic, and computed tomographic 
methods of investigation were used for assessing the 
anatomical and functional state of the affected hip 
joint. The clinical assessment corresponded with the 
classical description of a femoral neck fracture [12], 
including the position of the external rotation and 
the shortening of the lower limb on the fracture 
side, the absence of active movements, and the 
“straight leg raising” symptom. The nature of the 
fracture and the degree of displacement of bone 
fragments were assessed using radiologic methods.

Surgical technique: Under anesthesia in the 
supine position with a fixed pelvis on the fracture 
table, traction of the limb along the axis (abduction 
and internal rotation) is performed until the bone 
fragments are correctly repositioned under EOD 
control in direct and axial projections. Next, two 
Kirschner’s wires are transcutaneously inserted 
along the anterior surface of the femoral neck for 
determining the antetorsion and caput-collum-

diaphyseal angles. Using the parallel transfer 
method, 2–3 wires with a notch at the end are 
passed through the fracture line, along which, after 
cutting the skin up to 1 cm in length, cannulated 
screws are inserted. Wounds are sutured layer 
by layer. Then the hip joint is punctured and the 
hematoma is actively aspirated.

On the basis of our experience, the above-
mentioned surgery conditions provide the most 
accurate, low-traumatic reposition of bone 
fragments, and reduce the overall duration of 
anesthesia and surgery.

No postoperative complications were observed 
in any of the five patients. External immobilization 
during the postoperative period was not performed. 
All patients underwent complex rehabilitation as 
follows: from day 2 post-operatively, mechano-
therapy with the Arthromot K1 apparatus was 
applied with the purpose of restoring the amplitude 
of movements in the operated joint, laying in 
the most extreme positions possible for several 
minutes, the therapy was aimed to redress muscles 
in the region of the hip joint and to restore the 
muscles tone of the lower limbs. Massage using 
the HIVAMAT apparatus was initiated from day 3. 
Starting from day 4, the patients started to perform 
active movements. The patients were verticalized 
on days 4–5 post-operation under conditions for 
excluding any axial load on the operated limb. The 
total duration of walking on crutches without load 
on the affected limb was in average 10 months from 
the date of surgical treatment.

Clinical cases

Patient M., 10 years old, was transferred from 
the Central District Hospital of the city of T. with 
the diagnosis of closed subcapital fracture of the left 
femur neck with the displacement of the fragments. 
His medical history indicated that the trauma had 
occurred 5 days earlier following a fall from height. 
The patient was conservatively treated, the left lower 
limb was immobilized with a derotation plaster 
cast, and symptomatic therapy aimed at arresting 
the pain syndrome was performed. Analysis of the 
radiography of the hip joints in frontal projection 
(Figure 3) confirmed a type Ia fracture according 
to the Colonna classification, external-rotational 
position of the left femur, and downward and 
posterior epiphysis displacement.
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Surgical treatment was performed in the volume 
of closed repositioning of femoral fragments 
fixed with two cannulated screws as described 
(Fig.  4,  a, b).

Patient M., aged 14 years, was transferred from 
the Central District Hospital of the city of S. with 
the diagnosis of closed basicervical fracture of the 
left femur neck with fragment displacement. The 
trauma had occurred 4 days prior as the result of 
a  fall from height.

During the primary care hospitalization, 
the patient received conservative treatment 
including plaster immobilization and symptomatic 
therapy. On the hip joint radiographs in a frontal 
projection, a type III fracture according to Colonna 
classification was confirmed (Fig. 5, a). Surgical 

Fig. 3. Patient M. before treatment: radiograph of the 
hip joints before surgery in a frontal projection: the total 
solution of continuity of the neck of the left femur in the 

subcapital zone with fragment displacement

 а b
Fig. 4. Patient M. after surgical treatment: a  — radiograph of the hip joint after closed reposition and fixation with 
cannulated screws in a frontal projection: complete reposition in the frontal view, position of the hardware is radiologically 
correct; b  — radiograph of the hip joint after closed reposition and fixation with cannulated screws in the Lauenstein 

projection: complete reposition with restoration of the individual norm of the shaft-epiphysis angle

 а b
Fig. 5. Patient M., 14 years old: a — radiograph of the hip joints before the surgery in a frontal projection: total solution 
of continuity of the neck of the left femur in the trochanteric-cervical area with the displacement of the fragments; 
b  — radiograph of the hip joints after closed repositioning and fixation with cannulated screws in a frontal projection: 

complete repositioning with the restoration of the caput-collum-diaphyseal angle
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restorative treatment was performed. The complete 
consolidation of bone fragments at the fracture site 
was achieved after 7 months (Fig. 5, b).

Eleven months after the primary injury, the 
patient experienced a repeated fracture of the left 
femur neck with a displacement of the fragments 
and destabilization of the surgical hardware 
following a  rear impact of the footboard of the 
moving electric train to the region of the left hip 
joint (Fig. 6, a, b).

Surgical treatment was performed for the partial 
removal of surgical hardware, followed by the closed 
reposition of the femoral neck fragments with DHS 
plate fixation (Fig. 7, a, b). Given the patient’s 
history, an open repositioning with complete 
removal of the surgical hardware was not an option 
because of the increased risk of aseptic necrosis of 
the femoral head that could result from additional 

trauma to nutrient vessels of the femoral epiphysis 
in the course of capsulotomy and bone fragments 
mobilization.

Results

Within the seven-year follow-up period, all 
patients had their hip joint function restored, 
reported no pain syndrome, and had complete social 
and personal adjustment. The results of the surgical 
treatment were assessed on a point scale that was 
developed at the Turner Scientific and Research 
Institute for Children’s Orthopedics [13] (Table 2).

The average score on the patient self-evaluation 
scale after surgery was 0.08 (95% CI 0.04–0.13). 
Cannulated screws were not removed from any 
patient since such a second surgical intervention 
would be highly traumatic (requiring full surgical 

 а b
Fig. 7. Patient M., age 14: a, b  — radiograph and CT image of hip joints after repeated closed reposition, the partial 
removal of surgical hardware, and osteosynthesis with a dynamic hip screw (DHS) in frontal projection: the restoration 

of angular values corresponding with the contralateral limb was achieved

 а b
Fig. 6. Patient M., 14 years old: a, b  — radiograph and CT image of hip joints 11 months after repeated fracture of the 
femoral neck with fragments displacement and hardware destabilization: the solution of continuity of the femoral neck 
in the basicervical zone with the fracture of one cannulated screw and deformity of the other, the absence of trophic 

disorders in the femoral epiphysis
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 а b

 c d
Fig. 8. Patient M., 15 years old. Surgical treatment outcome after 5 years: a  — radiograph of the hip joints in frontal 
projection: femoral head with no signs of aseptic necrosis, surgical hardware in the correct position; b  — radiograph 
of the hip joints in the Lauenstein projection: femoral head with no signs of aseptic necrosis, surgical hardware in the 
correct position, no secondary displacement; c, d — no restrictions or pain syndrome are reported as functional outcome 

after 6 years

Table 2
Patient self-evaluation scale

Criteria Number of points
Feeling of fatigue or pain syndrome

No feeling of fatigue and pain 0
Feeling of fatigue occurs by the end of the day 1
Pain arises with increased adolescent activities (long walks, games, dances, etc.) 2
Constant pain occurs by the end of the day 3

Locomotor function according to the patient (or parents)
Not impaired 0
Habitual movements are hindered by the end of the day 1
Any movement requires periodic rest 2

Lifestyle restrictions intrinsic to age
No restrictions 0
Lifestyle restrictions are insignificant 1
Pathology hinders a way of life intrinsic to age (participation in action games, dances, etc.) 2
No action games possible; restrictions when choosing clothes and shoes 3
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access to the lateral surface of the femur greater 
trochanter). Total endoprosthesis replacement of the 
hip joint was not required in any case. Long-term 
treatment outcomes are shown in Fig. 8, 9.

Conclusion

Despite the high risk of aseptic necrosis of the 
femoral head in children when surgery is used for 
treating femoral neck fractures, long-term stable 
positive outcomes can be achieved with correct 
technical implementation.
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