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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.
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Brenenune. Ileperomsl mmeiiku 6efpeHHON KOCTI Y AeTell OCTAIOTCS aKTya/IbHOI IIPOO/IEMOIT B CBSI3U C PUCKOM I 9acTO-
TOJI BOSHMKHOBEHIISI TSDKEJIBIX OC/IOKHEHMIA, TAKNX KaK ACeIITIIeCKIUIT HEKPO3 TOIOBKY OePEHHOI KOCTH, SIB/LIOLVII-
Cs1 IPUYMHOM Ke(OPMUPYIOLIET0 KOKCAPTPO3a U paHHel MHBamuausanyn pebenka. [JaHHBI BUJ TPaBMBbI COCTABIISIET
npuMepHo 1 % OT Bcex ImepenoMoB KOCTeN CKejleTa B IeTCKOM BospacTe. B 80 % cimy4yaeB IpuyMHOI IepeioMa MeiKu
OefIpeHHOI KOCTU CTY>KUT TsDKeNlas TPaBMa, OffHAKO Yy 15 % IaIMeHTOB IepesioM IPOUCXOANUT HpPU HealeKBaTHOI
TpaBMe B cIydae GM3MOIOTYecKy HOpMaIbHOI aKTUBHOCTY pebenka. [Tpu nepenomax mmeiikn 6expa 6e3 cTabuIbHOTO
OCTEOCHHTe3a KOHCOMMAAIMA KOCTHBIX OTJIOMKOB HAcCTyIaeT KpailHe PefKo, a JIMTEeIbHbIN IepUof NMMOOVI3aNu
B XOJie KOHCEPBATUBHOTO JIeYeHIsI COIPOBOXK/AETCSI PUCKOM Pa3BUTISL OCTIOXKHEHNIT, 00YC/IOB/IEHHBIX TUIIOAVHAMUEIL.
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ITenp paGoThl — IPOBECTM PeTPOCIEKTUBHBIN aHAINU3 Pe3yIbTATOB XUPYPIUIECKOrO JI€YEHVA pasINYHbIX TUIIOB
[IepeIOMOB IeHKM OeIPeHHOI KOCTU y JieTell.

Matrepuanbl u MeTopbl. IIpoaHannsupoBanbl pe3ynbTaThl XMPYPIMIECKOTO JiedeHusA 5 ferell B Bo3pacte oT 10 1o
17 7neT ¢ pasnIMYHBIMU TUIAMU TIePeNOMOB Ieiikyu GefpeHHOI KocTi mo kmnaccudukanuu Delbet u Colonna, B Tom
qicie 4 ManbuMKoOB U 1 leBouKy. B aHaMHese y Bcex 5 meTeli IpMYMHOI IepenioMa CTajla KaraTpaBMa. Bcem manuen-
TaM B 3aBUCUMOCTM OT TUIIA IIepe/ioMa IIPOBefieHa 3aKpbITasd Pelo3ULMA C OCTeOCHHTe30M (ParMeHTOB MeTa//IOKOH-
CTPYKUMAMM (KaHIONMPOBaHHbIE BUHTHI, InTacTuHa DHS).

PesynbraTel. B cpokn HabOmiofeHuUs 10 7 JI€T MOCIE XMPYPIUUIECKOTrO JeYeHNst BO BCEX CIydasX OTMEYalnch BOCCTa-
HOBJIeHVe QYHKIUU Ta300epeHHOro CycTaBa, OTCYTCTBUE 0GO/IEBOTO CUHAPOMA, OCIOKHEHUIT, IIO/IHAsL COLMaIbHAs
1 ObITOBAs afalTalVsL

3akmiouyenne. [lepeoMbl Ieiiky GepeHHOI KOCTH TIOAJIeKAT XUPYPrUUECKOMY JTI€UeHNIO B CBA3M C BBICOKVM PUCKOM
BO3HUKHOBEHV aCENTNYECKOrO HeKpo3a TONOBKU OefpeHHOI KocTu. IIpy KOPpeKTHOM TeXHMYeCKOM VICIIOTHEHUU
BO3MOXKHO JJOCTIDKEHNE [UIUTEIBHOTO CTAOM/IBHOTO HONIOXKUTEIBHOTO (YHKIVMOHAJIBHOIO M PEHTTEHOIOIMYEeCKOr0

pe3ynbTraTa B OTHA/IEHHOM IIEpUNOLE.

KnroueBbie cmoBa: AETH; IIEPEIOM LK 6e,upeHH0171 KOCTI; XMPYPTUIECKOE JI€ICHIE.

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

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

Blount

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

. Risk of avascular
Type Description Frequency, % necrosis, %
I Subcapital (IA without epiphysis dislocation beyond the <10 38 (100 for IB)
cotyloid cavity, IB with epiphysis dislocation beyond the
cotyloid cavity)
II Transcervical 40-50 28
III Trochanteric-cervical (basicervical) 30-35 18
v Pertrochanteric 10-20 5
B Pediafric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 6. Issue 2. 2018
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Fig. 1. Arterial blood supply of the proximal femur (according to
P.A. Romanov): I — 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

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

Fig. 2. Arterial blood supply to the femoral head with medial cervical
fractures (according to P.A. Romanov): I — 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

N N (x
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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.

B Pediafric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 6.
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Surgical treatment was performed in the volume
of closed repositioning of femoral fragments
tixed 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

in:DCM LI
047

a

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

ETERE

CM /| Id:ID

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

a

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

B Pediafric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 6.
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a

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

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

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, a4, 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

B Pediafric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 6.
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Patient self-evaluation scale

Table 2

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

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

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; ¢, d — no restrictions or pain syndrome are reported as functional outcome

after 6 years

B Pediatfric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 6. Issue 2. 2018
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Fig. 9. Patient M., 21 years old. Surgical treatment outcome after 7 years: a — radiograph of the hip joints in frontal pro-

jection: no signs of aseptic necrosis, secondary changes in the proximal part in the form of cam-impingement deformity;

b — radiograph of the hip joints in the Lauenstein projection: no signs of aseptic necrosis, an increase in off set and

angle a (cam-impingement); ¢, d — functional outcome 7 years after repeated surgical treatment: minimal restriction of
abduction in the left hip joint, no pain syndrome

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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