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Femoral head fractures are a rare injury with limited informa-
tion in the literature. Recent studies have been based on small
case series, indicating that the incidence of fractures in hip dis-
location varies from 7 to 18 %. Fractures of the femoral head are
classified according to Pipkin. Treatment is often accompanied
by significant complications, and the choice of the optimal treat-
ment method remains a matter of debate. The choice of treat-
ment tactics affects the duration of treatment and functional
outcome. The article presents the results of treatment of patients
whose treatment tactics were based on the Pipkin classification.
Objective. To substantiate the use of the Pipkin classification
of femoral head fractures in the selection of treatment and diag-
nostic tactics. Methods. The study was performed by evaluating
the results of treatment in 44 patients. The Pipkin classification
was used to determine the treatment tactics. The results were
evaluated according to the HHS scale. The results were statis-
tically analysed by comparing the median scores for different
groups using the Mann-Whitney U test. Results. The worst prog-
nosis was for patients with Pipkin III and Pipkin 1V fractures.
HHS scores for patients with complicated outcomes are worse
than for patients with uncomplicated outcomes. Treatment out-
comes for Pipkin type Il fractures are statistically significantly
lower than for other types. Conclusions. Pipkin fractures are
a rare and severe injury that can cause significant limb dys-
function with proper treatment. Treatment of Pipkin type I and
type 1l includes immediate reduction of the dislocation and
conservative treatment in case of satisfactory fragmentation
or open reduction with metal osteosynthesis for displaced frac-
tures; for type 11l and 1V, open reduction and osteosynthesis are
possible for young patients, and primary arthroplasty is recom-
mended for patients over 60 years of age or with concomitant
metabolic diseases.

Ilepenomu conosxku cmezHo80i Kicmxu € pioKiCHOIO Mpasmoro, i3 00-
Medtcenoro Kinvkicmio iHgopmayii 6 nimepamypi. Jlocniodxcenns
OCMAHHIX POKI6 6A3VI0MbCsL HA HeBeIUKUX Cepisax 6UNaokKis, de 3a-
SHAYAEMBCSL, WO YACMOMA NEPesiomMie Y pasi 6UBUXY CMesHd 6a-
pitoe 6i0 7 0o 18 %. Ilepenomu 2ono6xu cmeena kiacugixyoms 3a
Pipkin. Jlikyeauns uacmo cynpo8ooNCyEMbCs 3HAYHUMU YCKIAO-
HeHHAMU, | GUOID ONMUMATLHOL MEMOOUKU 3ATUULAEMbCSL NPeoMe-
mom cynepeqok. Bio maxmuxu niky8anms 3anedqcums K mepmi,
max i yHKyioHanbHuil pezyrbmam. Y cmammi npeszenmosai
pe3yrbmamu AiKy8anHHsA NAYIEHmis, nio 4ac 6UHA4eHHs MAKMUKu
JHKYBAHHS IKUX 6UKOpUCmosysaiacs kiacugikayis Pipkin. Mema.
Ob6rpynmysamu 3acmocyeanns kiacugikayii nepenomie 20106Ku
cmeenosoi kicmxku 3a Pipkin nio uac eubopy nikyeanvHo-diae-
nocmuunol makmuxu. Memoou. /lociodicenms UKOHANU WIAXOM
OYIHI08AHKSA pe3yabmamis nikyeanHs 44 nayienmis. 11i0 yac eusna-
YeHHs MAKMUKY TIKYEAHHS GUKOPUCIOBY8ALACy Kiacugikayisa 3a
Pipkin. Oyiniosanns pezynomamis 30iticniosanu 3a wikanoro HHS.
Ilposedero cmamucmuunuil ananis pe3yibmamie — NOpPiGHAHHS
MeOlan oYiHOK OJist PisHUX epyn i3 eukopucmarusim U-kpumepiio
Manna-Yimnui. Pesynomamu. Hatleipwuii npoenos 0ns nayicnmis
i3 neperomamu Pipkin Il ma Pipkin 1V. Oyinka 3a HHS ons ocio
3 YCKAAOHEHUM nepedicom 2ipua, Hixc O RAYIEHMI6 3 HeYCKIA0-
nenum. Pezynomamu nikyeanns ons nepenomie muny 111 3a Pipkin
CMamucmuuHo 3Ha4yWo MeHuli, Hide Ois iHwux munie. Bucrnogxu.
Ilepenomu Pipkin — piokicna ma easxcka mpasma, AKa 3a yMos He-
NPasuIbHO 0OPAHOT MAKMUKU TITKYBAHHS MO#CE NPU3BECTNU 00 3HAY-
HO20 nopyuleHHs Qyuxyii Kinyiexu. Jlikyeanna munie I ma 1l 3a
Pipkin éxnrouae HegiOKIAOHe 6NpaBIeHHA BUBUXY Ul KOHCEPBATUBHE
JUKYBAHHSA Y 8UNAOKY 30A008LIbHO20 POZMAULYBAHHS (pacmenmis
abo GIOKpumy peno3uyiro 3 Memaio0CmeoCuHme30oMm Ois nepe-
nomie 3i amiwgennam,; ons munie Il ma IV y monooux nayicumis
MOJCIUBA GIOKpUMA peno3uyisi il ocmeocunmes, ois ocio cmap-
we 60 pokig uu 3i CynymHimu MemadonuHUMU 3aX60PIOBAHHAMU
PEKOMEHOYEMBCS PO32AAOAMU NEPEUHHE eHOONPOME3Y68aAHHSL, 5K
sapianm eubopy. Kuouosi cnosa. Ilepenom conogku cmeznosoi
KICMKU, 8UBUX CMe2HA, KVIbUWOBULL Y200, ocmeocunmes, eHoo-
npome3y8anHs.
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Introduction

Fractures of the femoral head were first described
by Birkett in 1869 [1]. This injury is rare and literature
sources have a limited amount of information about
it, which is mostly based on small case series. One
of the most recent meta-analyses included informa-
tion from 15 publications, in which a total of 274 pa-
tients were described for the period 1996-2020 [2].
According to Braun et al. the frequency of head frac-
tures due to hip dislocation varies from 7 to 18 % [3],
while Enocson et al. report a frequency of 5-15 % [4].
Usually, dislocation of the hip in combination with
a fracture of the femoral head is the result of high-energy
trauma (traffic accidents (TA) — 84.3 %, motorcycle
injuries — 5.15 %, falls — 4.3 %) in young people
(approximate average age of patients is 38.9 years old)
[3, 4].

The most common classification of this injury is
according to Pipkin, which distinguishes it into four
different types, depending on the location of the frac-
ture of the femoral head and the presence of a conco-
mitant fracture of the femoral neck or acetabulum [5].

The type of fracture that occurs depends on
the mechanism of injury. Previously, it was believed
that different fracture configurations were caused
by the retaining effect of the ligament of the femo-
ral head, but more modern studies show that damage
to the ligament in case of dislocation can only cause
the detachment of a small bone-cartilaginous frag-
ment [3]. According to modern views, the fracture is
caused by the shearing effect of the acetabulum wall
on the head of the femur [6]. Usually, the morphology
and type of Pipkin fracture depends on the position
of the hip at the time of injury. In the case of hip flexi-
on less than 60° and adduction, type I according to
Pipkin is typical (the medial part of the femoral head
is “cut” by the massive posterior wall of the aceta-
bulum). Abduction of the hip during its flexion less
than 60°, for the most part, leads to type II accord-
ing to Pipkin. In the case of hip flexion of more than
60°, the head of the femur opposes the thinner part
of the back wall of the acetabulum, which can lead
to its fracture in combination with cartilage dama-
ge, impression fracture of the head or its fracture
(type I'V according to Pipkin) [7]. Pipkin III fractures
are characterized by a double mechanism of injury —
the first stage is dislocation of the femoral head with
its fracture with a shearing mechanism (similar to
Pipkin I and Pipkin II), further abduction causes
a fracture of the femoral neck due to its contact with
the posterior edge of the acetabulum [8].

Studies published in the literature usually focus
on different subtypes of Pipkin fracture, and report
negative outcomes with a high complication rate and
reoperation rate that can be as high as 57 % [7, 9].

The choice of the best method of treatment for this
injury is a matter of controversy and includes the pos-
sibility of both non-surgical treatment and surgical
excision of the fragment, osteosynthesis of the frac-
ture, or primary arthroplasty.

The main question to be answered is which
treatment strategy improves function and reduces
the number of complications. We hypothesize that
presenting the results of a series of patients with fe-
moral head fractures who were treated according to
the proposed therapeutic algorithm will shed light on
the course of treatment of such injuries. In this study,
we present information about the initial treatment,
the obtained results, and the detected complications
during the follow-up of patients with femoral head
fractures in a series of consecutive clinical cases who
were treated in the same medical center according to
the same therapeutic recommendations.

Purpose: to substantiate the use of Pipkin’s classi-
fication of femoral head fractures during the selection
of therapeutic and diagnostic tactics.

Material and methods

The study involved 44 patients diagnosed with
femoral head fractures. The average age of the partici-
pants was 36.4 years and varied from 22 to 69 years.
The condition for inclusion in the study was the pre-
sence of an isolated fracture of the femoral head or in
combination with a fracture of the neck or acetabu-
lum. An important condition was that patients have
no history of injuries or diseases, in particular, pri-
mary or secondary coxarthrosis.

Operations and follow-up examinations were
carried out in the traumatology department of Zapo-
rizhia Regional Clinical Hospital of Zaporizhia Re-
gional Council and traumatology department of MO-
TOR-SICH CLINIC LLC in the period from 2008 to
2023. All patients were informed about their partici-
pation in the clinical trial and familiarized with its
design, and gave their consent to participate.

The diagnosis was established on the basis of cli-
nical examination findings — symptoms of a femoral
neck fracture, hip dislocation. Unconscious patients
with a history of high-energy trauma (traffic accident,
fall from a height) received special attention. The next
step was radiography — a classic anterior-posterior
projection. The area of the neck of the femur deserves
special attention for the purpose of early diagnosis
of type III fractures according to Pipkin. An obliga-
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tory option when diagnosing a patient with a frac-
ture of the femoral head and/or hip dislocation is to
perform radiography in additional projections, which
were replaced by computer tomography.

The choice of treatment tactics was carried out
taking into account the type of fracture according to
the Pipkin classification and clinical data. Systema-
tized according to the following types:

— I — dislocation of the hip with a fracture
of the head of the femur below the point of attach-
ment of the round ligament (pit of the head);

— II — dislocation of the hip with a fracture
of the head of the femur above the point of attach-
ment of the round ligament;

— III — type I or Il in combination with a femoral
neck fracture;

— IV — type I or II together with a fracture
of the acetabulum.

In patients with Pipkin I and Pipkin II fractures,
a closed dislocation reduction was attempted under
general anesthesia. The impossibility of closed re-
duction was considered as an indication for urgent
surgical treatment — open dislocation reduction and
metallo-osteosynthesis with screws.

Metalosteosynthesis of the femoral head was
performed with cannulated screws with a diameter
of 4.0 mm, the length of the screw was determined
intraoperatively using fluoroscopy.

In the postoperative period, all patients received
standard treatment — wound dressings, two-day an-
tibiotic prophylaxis with second-generation cephalo-
sporins, prevention of thrombosis with low-molecu-
lar-weight heparins, adequate analgesia (NSAIDs +
paracetamol), PPI gastroprotection, mechanical
thromboprophylaxis, physical therapy. Rehabilita-
tion took place excluding axial load in all groups for
6 weeks.

Clinical outcome was assessed using the Har-
ris Hip Score (HHS) scale with a maximum possi-
ble score of 100, i. e. a higher score indicates a bet-
ter outcome. The assessment on the HHS scale
was classified as follows: poor (< 70 points), satis-
factory (70—80), good (80—90) and excellent (score
90-100 points) [10]. The results were analyzed no
earlier than 6 months after surgery. The presence
of avascular necrosis, heterotopic ossification, osteo-
arthrosis, and fracture union were radiologically eva-
luated. Any postoperative complications were also
highlighted: infection, arterial damage, sciatic nerve
neuropathy, dislocation, and conversion to total hip
arthroplasty.

Statistical processing of the obtained numerical
values was carried out using the license package
STATISTICA 13 En (License JPR709H998119TE-A).
The median and confidence interval for the median
were used to analyze the HHS scores (ordinal type
of scale), using the methods of nonparametric varia-
tional statistics — the Mann-Whitney U-test. The dif-
ference between sample values was considered sig-
nificant if p value < 0.05.

A clinical example

A 22-year-old patient L. with posterior superior
fracture dislocation of the femoral head, damage
to the femoral head according to the Pipkin I type
(Fig. 2, a). An open reposition was performed through
a posterior approach with osteosynthesis of the frac-
ture with screws (Fig. 2, b).

Results

Of the 44 patients included in the study, 9
(20.45 %) were found to have complications. Aseptic
necrosis of the femoral head was most common —
6 cases (13.63 %), two patients developed heterotopic
ossification in the intervention area (4.54 %), one
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Fig. 1. Classification of femoral head fractures according to Pipkin [9]
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had a loss of stability of the fixator (screws) (after
metal-osteosynthesis of a Pipkin-type fracture II)
(2.27 %). During observation, no non-unions, infec-
tious complications, cases of hip joint instability, etc.
were detected.

The median and 95 % confidence interval for
the HHS scale was 82.1 points (95 % CI = 64-98).
According to the HHS scale, poor, fair, good and ex-
cellent results were observed in 2 (4.5 %), 7 (15.9 %),
14 (31.8 %) and 21 (47.7 %) patients, respectively.
Of the two individuals with poor results, one had Pip-
kin type 111 and the other one had type I'V. The break-
down of HHS status by Pipkin type is shown in the Tab-
le. The obtained results indicate the worst prognosis
for patients with Pipkin III and Pipkin IV fractures,
which corresponds to the data of the literature [11].

The median HHS score was 71.3 points (95 %
CI = 64-83) in patients with a complicated outcome
and 87.4 (95 % CI = 77-98) in patients with an un-
complicated outcome. This difference was statisti-
cally significant (p = 0.007).

The median HHS score was 92.0 (95 % CI = 88-94)
for Pipkin type I; 87.0 (95 % CI = 82—-91) — for Pip-
kin II type, 68.5 (95 % CI = 64—73) — for Pipkin 111
type, and 82.0 (95 % CI = 77-88) — for Pipkin IV
type. During a sequential comparison of the median
scores for HHS for each type with the overall median,
it was determined that the score for type III fractures
was statistically significantly lower (p = 0.035).

No statistically significant difference was found
for other types.

Discussion

Femoral head fractures require immediate treat-
ment within 6 hours from the moment of injury —
dislocation reduction or, if indicated, surgical
treatment (metalosteosynthesis, total arthroplasty,
removal of fragments).

Closed reduction of dislocations is possible in case
of Pipkin I and Pipkin II fractures, followed by con-
servative treatment of the patient in the case of satis-
factory reduction and close contact of the fragments,

Table
Distribution of indicators of HHS status according to the Pipkin classification
Type Excellent Good Satisfactory Poor Total
Pipkin I 12 (75.0 %) 4(25.0 %) — — 16 (100.0 %)
Pipkin II 3 (42.8 %) 3 (42.8 %) 1(14.3 %) — 7 (100.0 %)
Pipkin III — — 1 (50.0 %) 1 (50.0 %) 2 (100.0 %)
Pipkin IV 6 (31.6 %) 7(36.8 %) 5(26.3 %) 1(5.3 %) 19 (100.0 %)
Total 21 (47.7 %) 14 (31.8 %) 7 (15.9 %) 2 (4.5 %) 44 (100.0 %)

Fig. 2. Photographs from X-rays of patient L. after injury (a) and after surgery (b)
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which is confirmed by CT data and the absence
of joint instability.

Removal of the bony fragment for Pipkin I frac-
tures should not be considered as an option. Prefe-
rence should be given to osteosynthesis except for si-
tuations in which osteosynthesis is impossible (small
size of the fragment, its significant impression, etc.).
Based on the biomechanical research data of D. Dong
et al. — the method of bone fragment removal for
Pipkin I fractures, where the authors concluded that
removal is justified only for small bone fragments,
the size of which made metalosteosynthesis impos-
sible [12].

Pipkin III fractures are the least common and have
the worst prognosis. It is advisable for patients to un-
dergo an MRI — a study aimed at evaluating the pro-
cess of blood supply to the femoral head and the state
of articular cartilage. It is also necessary to take into
account the age of the patient and the presence of con-
comitant abnormalities, in particular, diabetes melli-
tus, metabolic disorders, rheumatological diseases. If
there is a risk of non-union of the fracture (age over
60 years, concomitant diseases, complex morphology
of the fracture), it is worth considering the tactics
of primary total endoprosthetic repair of the hip joint.
If osteosynthesis is performed, it is necessary to mo-
nitor the condition of the joint and the rehabilitation
of the patient every 3 months, if necessary, timely
conversion to an endoprosthesis.

Osteosynthesis of the acetabulum and femoral
head fracture is the treatment of choice for Pipkin IV
fractures in young patients.

Considering the high percentage of unsatisfactory
functional results and the high frequency of osteo-
synthesis conversion during arthroplasty in the early
stages in the elderly with Pipkin type III and IV frac-
tures, and for patients older than 60 years, primary
total hip arthroplasty may be considered as the option
of choice.

Conclusions

Pipkin's fractures are a rare injury, in case
of wrong tactics or untimely treatment, it can lead
to severe impairment of limb function. Patients with
fractures of the femoral head, regardless of the type,
need urgent treatment: in the presence of disloca-
tion — reduction; if fragments are displaced, open

reposition and metal-osteosynthesis (if fixation is
impossible, fragment removal). Patients older than
60 years or with concomitant metabolic diseases can
be recommended primary arthroplasty.
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