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Outcomes of the proximal femur fractures repaired with half-pin devices as compared
with various types of osteosynthesis
F.B. Salokhiddinov

Tashkent Medical Academy, Tashkent, the Republic of Uzbekistan

Objective To review outcomes of the proximal femur fractures repaired with half-pin apparatus in comparison with various types of
osteosynthesis. Material and methods The study enrolled 86 patients with proximal femur fractures treated at the general hospital of the
Tashkent Medical Academy. Of these, 52 were females and 34 were males. The mean age of the participants was 54.1 + 1.1 years (range,
22 to 92 years). The effectiveness of the treatment was evaluated depending on the treatment method used. The patients were divided
into 3 groups: group I included 39 patients who underwent closed percutaneous osteosynthesis with Ilizarov wires; group II consisted of
29 patients who underwent osteosynthesis with bone plates; group III included 18 patients who underwent surgical treatment using the
external half-pin fixator we developed. Results Outcomes were evaluated in 58 patients at one to two years. In group I, good results were
rated as good obtained in 45.8 % (n= 11), as fair in 33.3% (n = 8) and poor in 20.9 % (n = 5) of patients due to nonunited fracture, avascular
necrosis of the femoral head and hip joint ankylosis. Group II showed 68.4 % (n = 12) good, 4 (21 % (n =4) fair and 10.5 % (n = 2) poor
results. The latter occurred due to patient noncompliance and unauthorized early removal of the plaster cast. Group III demonstrated
73.4 % (n=11) good, 13.3% (n = 2) fair and 13.3 % (n = 2) poor outcomes. Patients with poor outcomes developed lesion of the femoral
neck following a subcapital femoral neck fracture at 2 months of frame removal that healed with a 2.0 cm limb length discrepancy.
Conclusion The external half-pin fixator offered could facilitate stable bone fixation after reduction and gradual dynamic compression for
successful bone healing. The bone fixation period with external half-pin fixation device was dependent on the fracture type and averaged to
4 + 1 months in type A fracture and 5 + 1 months in type B fractures. Fixation of the proximal femur fractures with half-pin fixation device
allows stabilization of the general state of patients, easier postoperative care, prevention of secondary complications and early exercises

for the adjacent joints. The technique offered can be a method of choice among the current technologies.
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INTRODUCTION

A proximal femur fracture is a severe injury.
Patients presenting with hip fracture often have
multiple comorbidities and complex care needs. Hip
fracture patients can represent various perioperative
challenges related to their significant comorbidity
burden. Prolonged bed rest in patients with proximal
femur fractures lead to catastrophic deterioration of
health and complications due to forced bed regime
(hypostatic pneumonia, thromboembolism, pressure
sores, etc.). Approximately 1.3 million femoral neck
fractures were reported worldwide in 1990, and this
figure is expected to double by 2025 and to increase
to about 4.5 million by 2050 [1]. This is one of the
most common and most significant fracture in terms
of morbidity, mortality and socioeconomic impact.
Overall mortality rates hover at 36% due to effects
of associated comorbiditis during the first year after
injury and 41 % to 47 % at 2 to 3 years [2, 3]. Non-
operative treatment of hip fractures in adults is an
exception. With the available surgical stabilization
techniques, numerous studies support the advantage
of surgical therapy in terms of morbidity, mortality

and functional outcome. Minimally invasive surgical
treatment is associated with reduced operating time,
lower intraoperative blood loss and the possibility of
performing the operation without general anesthesia.
Surgical management followed by early mobilization
is the treatment of choice for hip fractures in patients
of any age. Co-occurring conditions (cardiovascular
diseases, respiratory failure, decompensated diabetes
mellitus, deep vein thrombosis of the lower limbs)
contribute to the morbidity and mortality in all stages
of surgical treatment. The goal of early surgical
treatment of the proximal femur fractures is stable,
anatomic fixation, allowing mobilization as soon as
possible with lower complication rate [4]. Despite the
advances in arthroplasty there is a variety of fixation
techniques and osteosynthesis devices developed for
hip fractures [5-8]. However, high cost of the fixators
can hamper the use of the type of osteosynthesis to
many patients.

Objective To review outcomes of the proximal
femur fractures repaired with half-pin apparatus in
comparison with various types of osteosynthesis.

MATERIAL AND METHODS

A half-pin device was developed for osteosynthesis
of the proximal femur fractures and central dislocations

of the femoral head (FAP patent No. 01180 of 2016)
for better outcomes. The first module was designed for
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osteosynthesis of diaphyseal fractures of lower limbs [9].
The device (Fig. 1) for the treatment of the proximal
femur fractures and central dislocations of the femoral
head can be used as follows. Closed reduction of the
femoral fracture is performed on an orthopaedic table
using C-arm image intensifier or serial radiographs. The
device is assembled of arches (1) with holes for threaded
rods (2) and applied to the injured segment. With the
bone reduced proximally a Kirschner wire (No. 81/823-
53 registered with the State Register of Medical Devices)
is drilled in the femoral neck using C-arm to be a guide to
forma canal. A Shanz screw (3) is inserted after predrilling
with a cannulated cutter and fixed to the the cylindrical
coupling (4). Another two Shanz screws (3) are placed
parallel to the first screw along the femoral neck axis
after predrilling. The fixator is fixed in the slots (5) of
the arc plate (6) using U-shaped threaded rods (7). Two
pairs of Shanz screws (3) are placed obliquely in the
upper third and middle third of the femur and fixed to the
threaded rods (2) using brackets (8) for bone stabilization.
Additional pairs of Shanz screws (3) can be inserted over
the acetabulum for marginal fractures of the acetabular
roof. Permission for clinical use of the half-pin device
offered was obtained from the relevant research ethics
committee No. 6/2019 0 22.05.2019).

Fig. 1 Diagram of the half-pin device for osteosynthesis
of the proximal femur fractures and central dislocations
of the femoral head

The study enrolled 86 patients with proximal
femur fractures treated at the general hospital of the
Tashkent Medical Academy between 2016 and 2018.
There were 52 females and 34 male patients. The
mean age of the participants was 54.1 + 1.1 years
(range, 22 to 92 years). Fractures resulted from
road traffic accidents (n=28; 32.6 %), an injury
sustained at home (n=41; 47.7 %) and industrial
injuries (n = 17; 19.7 %). The fractures were grouped
according to the 2018 AO/ASIF classification [10]
and included types 31A1 AO/ASIF (n=235),
31A2 (n=18), 31A3 (n=2), 31B1 (n=4), 31B2
(n=28) and 31B3 (n = 19). Patients were diagnosed
with multiple injuries (n=18) including femoral
fractures combined with Smith fracture (n=12),
humerus fracture (n = 4) and ischial fracture (n = 2).
Most of the patients had comorbid conditions
(diabetes  mellitus, cardiovascular  diseases,
arthritis, overweight, etc.). The effectiveness of the
treatment was evaluated depending on the treatment
method used. The patients were divided into 3
groups (Table 1); group I included 39 patients who
underwent closed percutaneous osteosynthesis with
a bundle of Ilizarov wires. The fractures of group I
were classified as type A (n = 24; 61.5 %) and type B
(n=15; 38.5 %). Of the 39 patients, 23 (59 %) were
males and 16 (41 %) were females. There were
32 (82 %) patients aged 22—60 years and 7 patients
(28 %) aged 60 years and older. Group II consisted
of 29 patients who underwent osteosynthesis with
bone plates (Bakicharov, AO, ChM). The fractures
were classified as type A (n = 20; 68.95 %) and type
B (n=9; 31.05 %). There were 19 (65.5 %) male
and 10 (34.5 %) female patients. Of the 29 patients,
there were 17 (58.6 %) patients aged 22-60 years
and 12 patients (41.4 %) aged 60 years and older.
Group Il included 18 patients who underwent
surgical treatment using the external half-pin fixator
we developed. The fractures were classified as type A
(n=11; 61.15%) and type B (n=7; 38.85 %).
There were 12 (66.7 %) male and 6 (33.3 %) female
patients. Of the 18 patients, there were 11 (61.1 %)
patients aged 22—60 years and 7 patients (38.9 %)
aged 60 years and older.

Table 1
Distribution of patients with proximal femur fractures grouped according to the 2018 AO/ASIF classification
Type
Group
Al A2 A3 B1 B2 B3 Total
I 18 (46.1%) | 6(15.4%) - 1(2.6 %) 3(7.7 %) 11(282%) | 39453 %)
I 12(41.4%) | 7(24.1%) 1 (3.45 %) 1 (3.45 %) 4(13.8 %) 4(13.8%) | 29(33.7%)
I 5(27.8 %) 5(27.8 %) 1(5.55%) 2 (11.1 %) 1(5.55%) 4(22.2 %) 18 (21 %)
Total 35(407%) | 1821 %) 2(2.3%) 4(4.6 %) 8(9.3 %) 19 (22.1%) | 86 (100 %)
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A derotation splint to the ankle was applied for the
patients after a clinical and radiological examination at
the emergency department, Definitive osteosynthesis
was performed within 3 days to 2 weeks after the injury
with the patient's condition stabilized. Physical therapy
was administered to prevent hypostatic pneumonia.
Depending on the method of osteosynthesis applied,
patients were encouraged to perform physical therapy,
breathing exercises to prevent pressure ulcers after
2-to-3 postoperative days. Spica cast was applied to
the fractured limb fixed with a bundle of Kirschner
wires or a plate at 2 to 3 days of injury. Patients whose
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broken limb was fixed with half-pin fixation device
were encouraged to perform quadriceps femoris
exercises, passive and active exercises for the joints
of the injured limb and were instructed how to get up
out of bed, stand, ambulate using crutches or walkers.
At 4 to 6 week, the patients could maintain full weight-
bearing on the operated limb fixed with external
half-pin fixation device. Complication rate and the
length of inpatient stay were evaluated to explore the
effectiveness of different methods of osteosynthesis.
Long-term outcomes were rated according to the
Mattise scoring system [11].

RESULTS

Patients of groupl (n=39) developed 41
complications (Table 2). Of these, patients with
subcutaneous phlegmon (n = 3) underwentdebridement
and antomicrobial therapy. Wires migrated and got
broken (n = 8) and were removed from the anterior
abdominal wall (n = 2). A wire migration resulted
in bladder perforation (n=1) at 45 days of fracture
fixation with a bundle of wires. The wire was removed
as an emergency with the urologist assistance, and
the Pezzer catheter was applied. Other complications
included secondary contractures of the hip and knee
joints (n = 11), avascular necrosis of the femoral head
(n = 2), lesion of the femoral neck or nonunion (n = 5)
with no case of mortality. Delayed consolidation of
the fracture was observed in 3 patients, and pressure
ulcers developed in 4 cases. The mean period of bone
consolidation was 6 £+ 1 months. The average inpatient
length was 5 + 1 days. Three patients were re-admitted
to have the complications addressed.

Patients of group II (n=29) developed 40
adverse events and complications. Patients with
subcutaneous phlegmon (n = 2) underwent debridement
postoperatively. Transfusion of plasma and red blood cells
was performed for hemoglobin blood level re-correction
(n=16). The wound healed with secondary intention in
5 cases. Metal constructs broke up in 5 cases including
Bakicharov plate (n=2) and the ChM plate (n=3).

Interlocking intramedullary nailing was performed
for 2 patients. Three patients gave up, continued with
nonoperative treatment and ended up with the fracture
healed in varus alignment. Other complications included
secondary contractures of the hip and knee joints (n = 8)
due to spica cast, avascular necrosis of the femoral head
(n=2), lesion of the femoral neck or nonunion (n=2)
with no case of mortality. Delayed fracture consolidation
was observed in 2 patients. The mean period of bone
consolidation was 5.5 + 1 months. The average inpatient
length was 12 + 2.5 days. Five patients were re-admitted
to have the complications addressed.

Patients of group III (n = 18) developed 13 adverse
events during outpatient treatment. Pin tract infection
(n = 3) was treated by local use of antibiotics. Of these,
one patient underwent removal of external fixation
device at 11/2 months with the femoral neck united in
varus alignment. Limited range of motion in the hip and
knee joints (no more than 10°) was observed in 5 cases as
compared with unaffected limb. Two patients sustained
a femoral head fracture 31B1. 3 according to the AO/
ASIF classification, had the half-pin frame removed at
6 months with resultant lesion of the femoral neck and
intermittent hip pain. The patients were recommended
to walk with crutches with a moderate weight-beariung
on the limb and radiologically developed healing of the
femoral head with a shortening of 2.0 cm.

Table 2

Local and general complications in patients who underwent different types of hip fracture fixation

Groups of patients

Type of complications

Group I (n=39)

Group II (n =29) Group III (n = 18)

Infected wound -

3 —

Postoperative hematoma

2 —

Subcutaneous phlegmon

Acute anemia _

[o)}

Pin tract infection -

W |

Wound healed by secondary intention

Delayed fracture consolidation

W |

Avascular necrosis of the femoral head

Lesion of the femoral neck, nonunion

(N |W] |

Metal construct migrated and broken

—
—_

Contracture of adjacent joints

(O}

W

Hypostatic pneumonia

~

Pressure ulcers

N W (00NN ||
I
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One patient was re-admitted due to repeated
falls and developed severe pains in the injured limb.
MSCT showed persistent bone and frame stability,
and physical and radiological examination exhibited
sciatic neuropathy treated successfully with novocaine
blockade and a course of physiotherapy. Physical and
radiological examination was crucial for the decision
to have the frame removed with absent pain and edema
on the involved limb, confident gait and the presence
of radiological signs of fracture consolidation. The
mean fixation time with frame on was 4.5 = 1 month.
The average inpatient period was 8 = 1 days.

Long-term outcomes were evaluated in
58 (67.4 %) patients (Table 3) at 1 to 2 years using
the Mattise method. Results were rated as good in 11
(45.8 %), as fair in 8 (33.3%) and poor in 5 (20.9 %)
cases of group I. Poor outcomes were caused by
nonunion, avascular necrosis of the femoral head and
ankylosis of the hip joint. Group I demonstrated good
outcomes in 13 (68.4 %) cases, fairin 4 (21.1 %) and
poor in 2 (10.5 %) cases. Poor outcomes in Group II
resulted from non-compliance and early unauthorized
removal of the plaster cast. Group III demonstrated
good outcomes in 11 (73.4 %) cases, fairin 2 (13.3 %)
and poor in 2 (13.3 %) cases. Poor outcomes resulted
from a subcapital fracture seen radiologically, and

m / 1. 0000

Fig. 3 Postoperative radiological view of the hip joints
of patients T. born 1962

lesion of the femoral neck occurred at 2 months of the
frame removal. The femoral head consolidated later
with a 2.0 cm shortening of the lower limb.

Table 3

Long-term outcomes of hip fractures

Outcomes Groups of patients

rated as |Group I (n = 24)(Group II (n = 19)/Group Il (n = 15)
Good 11 (45.8%) | 13 (68.4 %) 11(73.4 %)
Fair 8(33.3 %) 4 (21.1 %) 2 (13.3%)
Poor 5(20.9 %) 2 (10.5 %) 2(133%)
Total 100 % 100 % 100 %

Clinical instance Patient T., born 1962, sustained an
injury falling from the roof of a house from a height of
about 2.5-3 meters. He presented with a combined closed
craniocerebral injury, concussion of the brain, AO/ASIF-
31 B2. 1 closed subcapital displaced fracture of the right
femur (Fig. 2). Osteosynthesis of the right-sided femoral
neck was performed with a half-pin external fixation
device of our own design at 2 days of injury following
preoperative preparation (Fig. 3). A course of rehabilitation
was administered for the patient after 3 postoperative
days (Fig. 4). He could sit on the bed unassisted and walk
with crutches. The postoperative period was uneventful
and allowed the patient to be discharged from the hospital
after 8 days with a satisfactory range of motion in the
joints of the involved limb.

Tilt:0.

Fig. 2 Preoperative radiological
view of the hip joints (@) of
patients T. born 1962 and
3D-reconstruction (b)

Fig. 4 Photograph of patient T.
born 1962 3 days post surgery
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It took the bone 24 weeks to heal (Fig. 5) and the
frame was dismantled. A radiograph at 1-year follow-
up (Fig. 6) showed the restored anatomical structure
with a 1.0 cm shortening of the involved limb. The

Genij Oriopedii, vol. 27, no 2, 2021

patient presented no complaints at the gait, had no
limping and could regain full range of motion in the
hip, knee and ankle joints showing a good anatomical
and functional result (Fig. 7).

Fig. 5 Postoperative radiological view of the hip joints of
patients T. born 1962 at 24 weeks post surgery

- -~

Fig. 6 Postoperative radiological view of the hip joints of
patients T. born 1962 at one year post surgery

Fig. 7 Photograph of
patient T. born 1962
showing functional result
at a one-year follow-up

DISCUSSION

Withtheadvantages of minimally invasive procedure
and shorter operating time being characteristic of
the hip fracture fixation with a bundle of wires, the
method fails to provide rigid stability necessitating
external immobilization and constant monitoring in
comparison to plating and external fixation. The wire
fixation technique can cause wires migrating in the
hip joint and pelvis minor. Prolonged fixation with a
spica cast can result in secondary contractures of the
hip and knee joints. Plating is associated with open
reduction and surgical exposure of the fracture site
and can reduce biological resources for consolidation
and require additional fixation with the cast leading
to discomfort, adynamia and interefering with the
patient’s ability to perform self-care measures. In
addition to that, prolonged fixation with a spica cast

Original Article

can result in secondary contractures of the hip and knee
joints. The most serious complications include the
loss of correction achieved due to lesion affecting the
femoral head, screw migration and resultant impaired
bone stability [12, 13].

A great number of different half-pin fixators
were devised for osteosynthesis of proximal femur
fractures [5, 10, 14-16]. The monolateral hybrid wire
and half-pin fixator offered by A. S. Allakhverdiev
and Yu. P. Soldatov for repair of femoral neck
fractures [5] allowed a four-fold reduction of
complications providing positive results in 95.7 %
of cases, while the fracture fixation with a bundle
of wires attached to the Ilizarov frame could ensure
favorable outcomes in 60.9 %. Therefore, fixation
of femoral neck fractures with a bundle of wires
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can fail to provide good bone stability due to the
lack of adequate compression at the fracture site.
External fixation devices can be successfully used
in emergency. The advantages include reliable stable
fixation of the broken bone segments with minimal
risk of secondary displacement. An important
aspect of external fixation is the possibility of acute
reduction and deformity correction in any plane. The
use of the external fixation devices is accompanied by
minimal trauma to the bone allowing optimization of
reparative regeneration.

The advantages of the half-pin fixation device
offered for osteosynthesis of the proximal femur

include shorter operating time, reduced blood loss and
minimal surgical trauma. It can be used in the firsthours
of injury. Early stable fixation of the proximal femur
fractures helps to reduce pain which is an important
antishock measure. The device provides correction
of an abnormal femoral neck anteversion and the
neck-to-shaft angle in subtrochanteric fractures.
Bone compression can be provided throughout the
treatment period with the frame on. The construct
can be assembled depending on the fracture pattern
facilitating patient's self-care, early ambulation and
rehabilitation, preventing secondary complications
and improving quality of life for patients.

CONCLUSION

The external half-pin fixator offered could
facilitate stable bone fixation after reduction and
gradual dynamic compression for successful bone
healing. The bone fixation period with external
half-pin fixation device was dependent on the
fracture type and averaged to 4 + 1 months in type
A fracture and 5 = 1 months in type B fractures.

Fixation of the proximal femur fractures with
half-pin fixation device allows stabilization of the
general state of patients, easier postoperative care,
prevention of secondary complications and early
exercises for the adjacent joints. The technique
offered can be a method of choice among the
current technologies.
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