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Purpose: The primary objective of the current study is to demonstrate the trochanteric wiring technique. A sec-
ondary objective is to evauate the clinico-radiological outcomes of use of the wiring technique during primary
arthroplasty for treatment of unstable and failed intertrochanteric fractures.

Materials and Methods: A prospective study including follow-up of 127 patients with unstable and failed
intertrochanteric fractures who underwent primary hip arthroplasty using novel multi-planar trochanteric wiring
was conducted. The average follow-up period was 17.8+4.7 months. Clinical assessment was performed using
the Harris hip score (HHS). Radiographic evauation was performed for assessment of union of the trochanter
and any mechanical failure. P<0.05 was considered statistically sgnificant.

Resaults: At the latest follow-up, the mean HHS showed significant improvement from 79.9+1.8 (at three months)
t0 91.65.1 (P<0.05). In addition, no significant difference in the HHS was observed between male and femae
patients (P=0.29) and between fresh and failed intertrochanteric fractures (P=0.08). Union was achieved in all
cases of fractured trochanter, except one. Wire breakage was observed in three patients. There were five cases of
limb length discrepancy, three cases of lurch, and three cases of wire-related bursitis. There were no cases of dis
location or infection. Radiographs showed stable prosthesisin situ with no evidence of subsidence.

Conclusion: Use of the proposed wiring technique was hel pful in restoring the abductor level arm and multi-pla-
nar stability, which enabled better rehabilitation and resulted in excellent clinica and radiologica outcomes with
minimal risk of mechanica failure.

Key Words: Hip fractures, Intertrochanteric fractures, Failed intertrochanteric fractures, Abductor lever arm,
Harris hip score

Submitted: October 14, 2022 1st revision: February 27, 2023
2nd revision: March 20, 2023 3rd revision: March 22, 2023
Final acceptance: March 23, 2023

Address reprint request to

Sachin Upadhyay, MS (Ortho), FIJR
(https://orcid.org/0000-0002-2640-0147)

Department of Orthopaedics, NSCB Medical College, Tilwara Rd,

Doctors Colony, Medical College Colony, Jabalpur 482003, India
TEL: +91-9329078849
E-mail: drsachinupadhyay@gmail.com

108

This is an Open Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, dis-
tribution, and reproduction in any medium, provided the original work is
properly cited.

Copyright © 2023 by Korean Hip Society



Hip & Pelvis

Javahir A. Pachore et a. Primary Arthroplasty for Unstable and Failed Intertrochanteric Fractures

INTRODUCTION

Along with increasing life-expectancy worldwide, the
incidence of intertrochanteric fracture has shown a dra-
matic increase. Femora intertrochanteric fractures are com-
mon in the geriatric population with decreased bone min-
era density, resulting from alow energy injury*2. In these
patients there is a significant burden of comorbidity asso-
ciated with high incidence of perioperative morbidity and
mortality which can lead to significant deterioration of the
patient’s health-related quality of life. Therefore, consid-
eration of appropriate surgical intervention and quality
patient care is necessary. Use of an appropriate surgical
technique is of critical importance in trochanteric recon-
struction during primary hip arthroplasty*9. It enables ear-
lier ambulation and rehabilitation, which in-turn is helpful
in restoration of biomechanica function of the hip joint. In
addition, stable fixation enables better repair of the capsule
and soft tissues, reducing the risk of didocation, as well as
problems with healing such as non-union, with mainte-
nance of the abductor lever arm.

Several techniques from simple wiring to specific
trochanteric armantarium, have been used successively
in-order to minimize impairment of healing and to ensure
the integrity of the abductor lever arm. Thereisincreasing
concern about the potential side effects of use of the recon-
struction technique for fixation of trochanteric fragments.
Despite use of any repair technique and efforts to fix the
fractured fragments, its secondary migration is an usua
complication®. Many patients present with pain, bursitis
over the trochanteric region, and an associated lurch, as
well as weakness of the abductor, and radiographs show-
ing impaired trochanteric healing and loosened, broken,
or proud wires during the follow-up period®. Revision
surgical interventions are then performed for removal of
hardware and as an attempt to reconstruct the trochanter.
Therefore, in an effort to address these critical concerns,
the authors have developed a modified approach focused
on multi-planar stability. According to our hypothesis, the
proposed multi-planar wiring technique is an efficient
method for fixation of fractured fragments of the greater
trochanter in performance of arthroplasty for treatment of
intertrochanteric fractures of the hip. Our study was designed
to examine the clinical and radiological outcomes after pri-
mary hip arthroplasty using multi-planar trochanteric wiring
for treetment of unstable and/or failed intertrochanteric frac-
turesin dderly patients and to provide a discussion of these
findings dong with areview of previoudy reported literature.
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MATERIALS AND METHODS

After obtaining approva from the respective ingtitution-
al review board and ethical committee of Shalby Hospitals
(No. ECR/711/Inst/GJ/2015), a prospective study along
with follow-up of 127 patients with ungtable intertrochanteric
fracture of the femur (types AO type 31-A2.2, A2.3, and
A3) and failed intertrochanteric fractures who underwent
primary hip arthroplasty using novel multi-planar trochanteric
wiring at Shalby Hospitals (Ahmedabad, India) from
January 2018 to September 2020 was conducted. Written
informed consent was obtained from all patients who par-
ticipated in the current study. Patients of either sex diag-
nosed with unstable and/or failed intertrochanteric fracture
were digible for inclusion in the study. The exclusion cri-
teria were as follows: (1) open fractures and preoperative
neurological deficit, (2) preoperative evidence of any infec-
tion, (3) peptic ulceration and upper gastrointestinal hem-
orrhage, cancer, hyperkalaemia, coagul opathies, hemato-
logical or neuro-muscular disorders, (4) hypersensitivity
to non-steroidal anti-inflammatory drugs or local anesthet-
ics agents, (5) preoperative abnormal cardiac, liver, or rend
profile functions that had not been sufficiently optimized,
(6) known psychiatric diagnosis and/or any other circum-
stances that would indicate that inclusion would not be in
the best interest of the cohort or could prevent the protocol-
specified evaluation of outcome, and (7) aphysical or lan-
guage barrier that might impede the patient’s ability to under-
gtand the procedure, or patient refusal. A formulafor sim-
ple random sampling for an infinite population was used
for estimation of sample size and assumptions were consid-
ered based on a non-union rate of 5.3%, using a cerclage
wire as reported by Panousis et d.”. Based on the results of
apower analysis, at a 95% confidence interval (5% alpha;
«=0.05), 80% power and 0.04 absolute precision (margin-
al error), astudy including a minimum of 121 patients was
required.

Of 156 patients screened, 127 patients met the inclusion
criteriaand were recruited. There were 92 patients with fresh
fractures (types AO type 31-A2.2 [n=37], A2.3[n=31], and
A3 [n=24]) and 35 patients with afailed intertrochanteric
fracture (DHS [dynamic hip screw] [n=18], proximal
femoral nail A2 [n=9], elagtic titanium nail [n=2], Smith-
Peterson nail plate [n=1], angle blade plate [n=2], and lock-
ing proximal femoral plate [n=3]). The flow chart for the
study is shownin Fig. 1. Recording of clinico-demograph-
ic variables including age, sex, body mass index (BMI),
comorbidity if any (co-morbidities such as hypertension,
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obesity, diabetes, optimized states of renal/cardiac/liver/pul-
monary co-morbidities), and American Society of Anesthesia
score (ASA grade) was performed preoperatively (Table
1). Prior to the surgical intervention, infection was preop-
eratively dismissed in patients with concomitant medical
conditions (such as urinary tract infection, cellulitis, abscess,
etc., which are known to cause elevation of inflammatory
markers) based on complete blood white cell count, total
leukocyte count, erythrocyte sedimentation rate, and C-reac-
tive protein levels. All surgeries were performed in lateral
decubitus position under spinal anesthesia using a poste-
rior laterd approach. A stay suture of piriformis and exter-
nal rotators which can be sutured along with the capsule at
thetime of closure was used for routine exposure. The frac-
tured trochanter fragments were left undetached as much
as possible during the exposure. While incising the capsule
caution was used in order to prevent damage to the labrum,
an important stabilizer for prevention of didocation, keep-
ing the option open for performance of bipolar or total hip
replacement. Patients with erosion of acetabular cartilage
due to penetration of the implant underwent totd hip arthro-
plasty. Selection of a stem was dependent upon available

Enrollment: Patients screened n=156

bone stock and stability of the trial on the table. In cases
involving an extension of the fracture in the subtrochanteric
areaour stem of choice was a solution stem (DePuy), which
enables good distal fixation. A Summit stem and Corail
Stem (DePuy) were used in cases where no mgjor extension
of the fracture was detected in the subtrochanteric area.
With use of both stems, due to good modularity, we were
able to place the full coating into the proximal cana rather
than maintaining it for adjustment of the limb length, which
will enable primary stability and provide the advantage of
coating for ingrowth. The Corail stem was preferred when
the canal was wider, which occurs more often in females.
In addition, we have used wiring before reaming in the sub-
trochanteric area as a specific prophylactic measure in order
to prevent an iatrogenic fracture. Assessment of range of
motion, limb length, and gtability was performed after implan-
tation of the prosthesis. All patients had an uncemented
implant. Assessment of limb length is always difficult in
these groups of patients due to unavailable anatomica land-
marks and/or distorted anatomy. We have used soft tissue
tension, stability testing, and level of the knees. After reduc-
tion of the joint, meticulous reduction of fractured trochanteric

v

Patients excluded n=29

r

Patients' recruited n=127

Reasons (n=18): open fracture n=3, bleeding diathesis n=3, neuromuscular
disorder n=4, history of pulmonary embolism/deep vein thrombosis n=1,
renal dysfunction n=1, and medically unfit patients n=6 were excluded.

Other reasons (n=11) (Decline to participate n=7; not willing for any
surgical intervention n=4)

v

v

92 Patients with Fresh Fractures:

(Types AO type 31-A2.2 (n=37), A2.3 (n=31)
and A3 (n=24))

35 Patients had failed intertrochanteric fracture:

(Dynamic Hip Screw (DHS) (n=18), proximal femoral nail A2 (n=9), Elastic
titanium nail (n=2), Smith-Peterson nail plate (n=1), angle blade plate (n=2)
and locking proximal femoral plate (n=3))

lJ

Novel wiring technique during Hip arthroplasty

v

Post operative and follow up evaluation

v

Critical findings and conclusion

Fig. 1. Flow chart of the study design.
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Table 1. Clinico-Demographic Variables

Unstable Failed
Variable intertrochanteric intertrochanteric P-value
fractures (n=92) fracture (n=35)
Age (yr) 70.9+3.5 71.8+1.0 0.14
Sex, M:F 40:52 16:19 0.82
Body mass index (kg/m?) 24.6+1.7 23.9£2.0 0.17
ASA grading
1 34 12 0.77
2 47 15 0.40
3 9 7 0.12
4 2 1 0.82
Patient with two or 56 (60.9) 19 (54.3) 0.50
more comorbidities
Follow-up (mo) 17.9£5.0 17.7x4.0 0.50
Etiology AO/OTA classification Modes of prior
failure fixation
Types AO type 31-A2.2 (n=37), DHS (dynamic hip screw) (n=18),
A2.3 (n=31), and A3 (n=24) proximal femoral nail A2 (n=9),
elastic titanium nail (n=2),
Smith-Peterson nail plate (n=1),
angle blade plate (n=2), and
locking proximal femoral
plate (n=3)
Stem Solution stem: 83 (65.4)

Summit: 35 (27.6)

Hemiarthroplasty
/total hip arthroplasty

Corail: 9 (7.1)
77 (60.6)/50 (39.4)

Values are presented as mean=tstandard deviation, number only, or number (%]).

M: male, F: female, ASA: American Society of Anesthesiologists.

fragments was performed and fixation was performed using
the proposed multi-planar wiring technique. The operating
limb was kept in abduction while maintaining the reduction
and during wire tightening primarily in cases of afailed
intertrochanteric fracture. This maneuver was helpful in con-
firming the reduction of the greater trochanteric fragment
to the correct position. We have used pull through sutures
for closure of the posterior rotators and capsular flap. The
postoperative course was uneventful. Mohilization and guard-
ed weight bearing was alowed according to the patient’s
tolerance. The patient was discharged on the sixth postop-
erative day. All patients followed a standard protocol for
rehabilitation.

1. Novel Wiring Technique
The proposed technique involves three steps. Firgt, aver-

tical wire loop configuration (AO 20-gauge) was used to
anchor the trochanter, followed by insertion of two paral-
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lel 1.5-mm Kirschner wires (K-wires) from the tip of the
trochanter to the medial cortex and finally a figure-of-8
stainless steel (SS) loop wire (AO 20-gauge) was used to
augment the fixation (Fig. 2-4). Two holes with a diameter
of 1 mm were drilled unicortically over the lateral surface
of the intact femoral cortex below the abductor tubercle
with a distance of approximately 1 cm in between for the
standard two separate parallel SS loop wires (Fig. 2).
Wires were inserted through these holes and pulled out
intramedullary prior to implantation of the prosthesis.
There are two matters requiring consideration: first, suf-
ficient wire length and strength to resist the tensile forces
generated in tensioning, and second, the wires should be
properly pulled/stretched out, alowing no loosening of intra:
medullary in order to avoid any mal-positioning or wire
breakage during insertion of the prosthesis. After reduc-
tion of the joint these two wires are pulled out from the top
of the trochanter, one anteriorly and the other posteriorly,
as an inside-out approach through the wire passer in order
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to avoid damage to the gluteus medius and tightened using
an AO tension device (Fig. 3). These separate wires capture
alarge area on the surface of the trochanter and anchor the
trochanter as vertica loops, preventing superior migration.
Vertical wiring also provides even distribution of pressure
over the base of the surface of the greater trochanteric
fracture, which was not a feature of any of the previously
described techniques. There are advantages with use of this
vertical wire loop configuration. First, it prevents proximal
migration of the trochanter and second, if one wire loop
fails the second loop will hold until either union of the
trochanter or some fibrous union is observed. In addition,

GREATER
TROCHANTER

the trochanter is also subjected to greater rotationa forces
during movements. In congderation of this matter we require
arigid fixation for achievement of stability and union. Our
technique additionally involves the use of two paralel 1.5
mm K-wires and afigure-of-8 SSloop wirein order to aug-
ment the standard two parallel SSwire technique (Fig. 4).
Two parallel K-wires were inserted from the tip of the
trochanter to the media cortex of the proximal femur using
an AO tension device, and atension band principle figure-
of-eight SS wire provides rigidity to the construct (Fig. 5).
Thistension band provides anterior, posterior, and rotation-
a stability. Finaly, stability can be achieved in three planes.

GREATER
TROCHANTER

WIRE PULLED OUT

INTRAMEDULIARY
(INSIDE-OUT APPROACH)
TWO HOLES DRILLED
UNICORTICALLY
4 WIRE PULLED OUT
WIRES TO BE INSERTED INTRAMEDULIARY
INTACT FEMORAL CORTEX (INSIDE-OUT APPROACH)
(LATERAL SURFACE)
INTACT FEMORAL
CORTEX
(LATERAL SURFACE)
A | B
1

GREATER
TROCHANTER

FEMORAL STEM

Fig. 2. Vertical loop wire insertion. (A-C) Schematic presentation: Two holes drilled over the lateral cortex, two
intramedullary loop wires pulled out intramedullary. (D) Clinical intraoperative images of the vertical wire loop.
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GREATER
TROCHANTER

WIRE PULLED QUT
(INSIDE-OUT APPROACH)

GREATER RTOCHANTER

_% VERTICAL WIRE LOOP
CONFIGURATION

WIRE TIGHTENED

. INTACT FEMORAL
7 CORTEX
(LATERAL SURFACE)

Fig. 3. (A) Schematic presentation: Tensioning of vertical wires loops after they were pulled out; inside-out approach. (B)
Clinical intraoperative images of tensioning of vertical wires. (C) Schematic presentation: Vertical wires loops after tension-

ing. (D) Clinical intraoperative images of vertical wire loops.

Use of this combination can also be helpful in preventing
loss of bone from the trochanteric fragment by increasing
compression across the fracture of the greater trochanter

(Fig. 6).
2. Outcome Measurement

All patients underwent routine clinical and radiological
follow-up after surgery at three, six, and twelve months dur-
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ing the first year and every six months theregfter. Evaluation
of functional outcome: for clinical assessments, evaluation
of the Harris hip score (HHS), the incidence of non-union,
and complication of the wiring technique was performed
at postoperative three, six, and 12 months and at the last
follow-up. Evauation of limb length discrepancy (LLD):
“Direct” clinical measurement from the anterior superior
iliac spine (ASIS) to the medial malleolus was performed
using atape measure for assessment of LLD during the fol-
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—K-WIRES

‘K-WIRES =7
GREATER GREATER
TROCHANTER TROCHANTER
ANCHORING OF
GREATER TROCHANTER
VERTICAL WIRE LOOP
CONFIGUTATION
VERTICAL =
WIRE LOOP =
= INTACT FEMORAL
INTACT FEMORAL —>CORTEX
—{PCORTEX (LATERAL SURFACE)
(LATERAL SURFACE)
A

Fig. 4. (A) Schematic presentation: K-wire insertion and technique of the tension band principle (anteroposterior and lateral).
(B) Intraoperative image.

‘K-WIRES

K-WIRES TENSION

FIGURE OF ‘8’
CONFIGURATION
7 ANCHORING OF
GREATER
TROCHANTER

ADDED
STABILITY

FIGURE OF '8 @ (MULTIPLANNER
VERTICAL
CONFIGURATION é ‘é"'c'; T\IE: &%PATION ] STABILITY)
VERTICAL =
WIRE LOOP INTACT INTACT FEMORAL
"I —{>FEMORAL CORTEX
2 CORTEX (LATERAL SURFACE)
@ (LATERAL
= SURFACE)
-
A

Fig. 5. Figure of 8-wiring. (A} Schematic presentation: Tensioning of figure of 8-wiring (anteroposterior and lateral). (B)
Intraoperative image of figure of 8-wiring.

low-up period. Radiographic Evaluation included a standard
anteroposterior pelvic radiograph obtained preoperatively
and e the last follow-up visit, which was evaluated for union
of the trochanter and any loosening and/or failure of the fix-
aion wireloops. Healing was defined as continuity between
the fragments of the trochanteric fracture and the adhesion
site, as demonstrated by anteroposterior radiography of the
hip. Fibrous union was defined as adistance of <1.5cmand
nonunion as >1.5 cm between the adhesion site and the
trochenteric fragment after its proxima migration. Messurement
of trochanteric migration was performed by comparing the

114

stem-to-tip distance in follow-up X-rays.
3. Statistical Analysis

Normally distributed data were computed for the cohort
as mean=standard deviation or percentage. The chi-square
test and Fisher’s exact test were utilized for categorical
variables and numerical variables, respectively. A Fisher's
exact P-value was used in cases where the frequency was
less than five. The chi-squared test was used to determine
whether there is a significant difference between the expect-
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Fig. 6. (A, B) Preoperative X-rays. (A) Pelvis with both hips - anteroposterior view. (B) Hip with femur lateral view. (C)
Immediate postoperative X-ray hip with femur. (D) Follow-up X-ray. Pelvis with both hips - anteroposterior view showing

union of the trochanter.

ed frequencies and observed frequenciesin one or more cat-
egories. Means were calculated. Unpaired Student t-tests
were used for comparison of differences between two inde-
pendent means. A P<0.05 for two-tailed tests was consid-
ered significant. Analysiswas performed using IBM SPSS
Statistics for Windows software (ver. 22.0; IBM).

RESULTS

Prospective data were collected from all 127 patients who
underwent primary arthroplasty using novel trochanteric
wiring. The study included 71 female patients (55.9%) and
56 male patients (44.1%) with amean age of 71.1+3.0 years
(range, 60-81 years). A tota of 77 patients (60.6%) under-
went hemi arthroplasty and 50 patients (39.4%) underwent
tota hip replacement depending on age, co-morbidity, and
involvement of acetabular cartilage (Table 1).

The mean follow-up period was 17.8+4.7 months (range,
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12 to 24 months) and the minimum follow-up period was
12 months. No significant differences with regard to age
(P=0.14), sex (P=0.82), BMI (P=0.17), ASA grading
(P>0.05), and patients with co-morbidities (P=0.50) were
observed between the fresh and failed intertrochanteric frac-
ture groups (Table 1). At the latest follow-up, the mean HHS
showed significant improvement from 79.9+1.8 (at three
months) to 91.6+5.1 (P<0.05) (Table 2, Fig. 7). The mean
HHS for the patients has shown gradual improvement with
duration of follow-up from three months to the latest fol-
low-up in the same age groups. However, no difference has
been observed in different age groups. In addition, no dif-
ferencein the HHS was observed between male and female
patients (P=0.29) (Table 2, Fig. 8, 9) and the difference
between fresh and failed fractures was ingignificant (P=0.08)
(Table 2, Fig. 10, 11).

Union was achieved for all cases of fractured trochanter
(99.2%), except one (0.8%). The patient who developed non-
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union had a history of trauma three months after the index
surgery. Wire breskage was observed in three patients (2.4%);
however, healing was not impaired and the trochanter was
stable. This finding demonstrates that one of the systems
remains intact and enables bone healing. Even with break-
age of one vertical wire loop the other wire can hold the
trochanter, which may encourage union.

Five patients (3.9%) had LLD. Two patients had a discrep-
ancy of 1 cm, and three patients had a discrepancy of 0.5 cm.
Three patients (2.4%) reported with alurch. Wire rdated bur-
sitis such as pain and swelling was reported in three patients

Table 2. Postoperative HHS

(2.4%). Two of these patients received conservative treat-
ment and one of them required removal of hardware. There
were no cases of dislocation or infection.

Radiographs showed stable prosthesisin situ without evi-
dence of subsidence (Fig. 6). At the latest available follow-
up al patients, except one, had returned to routine work and
ambulated without use of walking aids. The patient who
developed non-union walked with alurch and does not want
to undergo any further work up/surgical intervention.

Variable 3mo 6 mo 12 mo Last F/U
Sex
Male 81.2+11.5 85.7+10.4 87.5+9.9 92.1%+5.9
Female 79.8+6.0 83.8*+7.6 85.8+7.5 91.1%£5.1
P-value 0.37 0.23 0.27 0.29
P-value (3 mo/last F/U) (M/F) <0.0001/<0.0001
Etiology
Unstable IT fractures 80.0t1.4 85.6+2.9 87.4+2.5 92.1+5.2
Failed IT fractures 79.7+2.6 84.8*+1.6 86.6*+2.9 90.4%4.5
P-value 0.40 0.12 0.13 0.08
P-value (3 mo/last F/U) <0.0001/<0.0001
(unstable/failed)
Mean HHS 79.9+1.8 85.4%+2.6 87.2%+2.6 91.6%£5.1
P-value (3 mo/last F/U) <0.0001

Values are presented as mean=*standard deviation.

HHS: Harris hip score, F/U: follow-up, M: male, F: female, IT: intertrochanteric.
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Fig. 7. Error bars showing the mean Harris hip score (HHS) of the patients: gradual improvement with duration of follow-up

from three months to the latest follow-up.
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Fig. 8. Error bars showing the mean Harris hip score (HHS) of the male patients: gradual improvement with duration of fol-

low-up from three months to the latest follow-up.
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Fig. 9. Error bars showing the mean Harris hip score (HHS) of the female patients: gradual improvement with duration of fol-

low-up from three months to the latest follow-up.

DISCUSSION

Wesakness of abductor muscles due to displacement and
non-union of the fractured trochanteric fragments follow-
ing primary hip arthroplasty leadsto apositive Trenddenburg's
sign, walking discomfort, and periodic prosthetic instabil-
ity®. A proximal migration of the trochanteric fragment by
more than 3 cm can lead to a significant reduction in the
power of the abductor®. The available literature also places
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emphasis on preservation of abductor mechanics and the
need for stable and rigid fixation of the trochanter. However,
thereis currently no consensus regarding the best fixation
technique. The complications associated with available tech-
niques include bursitis, impaired healing of the greater
trochanter, breskage of wires and migration of the trochanter,
resulting in substantial functional disability and a positive
Trendelenburg sign®.

Koyama et a.?, who resttached an osteotomized fragment
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Fig. 10. Error bars showing the mean Harris hip score [HHS) of the patients with unstable intertrochanteric fractures: grad-
ual improvement with duration of follow-up from three months to the latest follow-up.
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Fig. 11. Error bars showing the mean Harris hip score (HHS) of the patients with failed intertrochanteric fractures: gradual
improvement with duration of follow-up from three months to the latest follow-up.

using acable grip system, reported a non-union rate of 30.6%
and other symptoms including tenderness and painin 25.8%
of patients. Likewise, ahigh rate of cablefailure in theform
of breakage, soft tissueirritation, and failed healing of the
trochanter between 2.7% to 44% has been reported@. A
cable can provide stable fixation for relatively large frag-
ments; however, itsuseis restricted in cases of poor bone
stock and comminuted fractures. It isalso expensveand is
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frequently associated with symptoms of irritation. In addi-
tion, fragmentation of the cable can be a source of metallic
debris, which can cause third body wear™. By contrast, the
wiring technique is a cost-effective procedure associated
with minimal damage to soft tissue. Also, because these
wires can be customized into different shapes, it appearsto
be more suitablefor fixation of different petterns of trochanteric
fragments. Panousis et d.” reported a fibrous union rate of
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7.1%, anon-union rate of 5.3%, and awire breakage rate
of 17.8% with use of a cerclage wire. Several other schol-
ars have reported non-union rates ranging from 2.9% to
18.9% using different techniques (Table 3)**2%, These authors
reported that non-union and/or proximal migration usualy
occurs in cases where rupture of the wires occurs early in
the follow-up period before union of the trochanter with the
intact femur. This leads to pain, lurch, and periodic adduc-
tion contracture®. Contrary to the literature findings described
above, the results of our sudy showed alow non-union rate
of 0.8% (Table 3). This can be attributed to the rigid muilti-
planar stability provided by the proposed technique for main-
tenance of adequate compression on the surface of the frac-
ture and prevention of the proxima migration of the trochanteric
fragment.

Suh &t a.*, who evaluated three different systems of fix-
ation interms of proximal migration reported arate of 22.2%
with use of figure of 8-wiring, 52.2% with use of cerclage
wiring, and 9.1% with use of tension band wiring and con-
cluded that the tension band wiring method was the optimal
approach for fixation of trochanteric fragments in patients
undergoing hip arthroplasty. In our study frank non-union
occurred in only one patient who had migration greeter than
2 cm. In the current series, breakage of the wires holding
the trochanteric fragments was observed in 2.4% of patients;
however, no migration of the trochanter was observed. Wire
breskage is usudly encountered after union of the trochanter
has been achieved and any symptoms are probably caused
by cyclic stress on the wires over time™. In our study, 2.4%
of the patients complained of wire-related bursitis such as
swelling or pain, which was thought to be aresult of wire
breakage and lean muscle mass.

The concept of biomechanical superiority of locking plates
over other available systemsin resisting forces acting over
the trochanter still requires scientific confirmation. In addi-
tion, remaining challenges include postoperative trochanteric

Table 3. Comparison of Percentage of Trochanteric Non-
Union of Various Studies

Stud Total No. of Trochanteric
uay patients non-union
Kim et al.™ 21 2(9.5)
McCarthy et al.™ 204 19 (9.3)
Ozanetal.” 32 6(18.8)
Lee et al.” 69* 2(2.9)
This study 127 1(0.8)

Values are presented as number (%).
*Number of hips.

www. hipandpelvis.or.kr

pain, hardware complications, and revision surgery for man-
agement of hardware-related issues, limited flexibility for
a customized shape, increased operative time, placement of
screws, and cost®. The emergence of non-absorbable ethi-
bond sutures/cable effectively resolves the complications
of metal hardware. A union rate of 74.4% has been reported
with use of these sutures'®. |nadequate compressions at the
fracture sites was the primary concern associated with use
of these non-absorbable sutures.

Compared with other systems of fixation, the wiring tech-
nology provides low resistance to fatigue and breaking
strength?®. In addition, because there were differencesin the
pattern of fractures of trochanteric fragments and stability,
asngle system/configuration for holding the fragments was
inadequate to support afavorable outcome®. A successful
approach must include application of adegquate compression
at the fracture sites. It must also withstand both vertical dis-
placement and rotatory forces in the anteroposterior plane
provided by the abductor musculature with the hip in flex-
ion®3,

Cho et d.* performed surgery on 86 patients for treatment
of ungtable intertrochanteric fracture using standard cement-
ed bipolar arthroplasty and trochanteric stabilization was
performed using a double loop with tension band wiring.
They reported on four patients with substantial displace-
ment of the greater trochanter. The mean HHS was 79.2 at
thefina follow-up. Jayapaan et a.® reported on a prospec-
tive evaluation of the functional outcome of patients with
unstable intertrochanteric fractures who were treated with
primary cemented bipolar arthroplasty with trochanteric
reconstruction using tension band wiring. The mean HHS
was 85.6+9.5 (range, 74-96) at the end of one-year follow-
up. Their report did not mention union of the trochanteric
fragment. In 2017, Sun et d., who reported on astudy eval-
uating the efficacy of different methods for fixation of the
greater trochanter fracture fragment in patients with unsta-
ble intertrochanteric fractures undergoing hip arthroplasty,
observed improvements in HHS from 74.8 to 85.7 points
at the latest follow-up. Our study using HHS showed a bet-
ter functional outcome (Table 4). Thisresult indicated that

Table 4. Comparison of Mean HHS of Various Studies

Study No. of patients HHS
Choetal.® 86 79.2
Jayapalan et al.” 30 85.6
Sun et al.® 63 85.7
This study 127 91.6
HHS: Harris hip score.
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use of the proposed wiring technique resulted in restoration
of the abductor and hip joint function for the unstable and
failed intertrochanteric fractures, leading to improvement
of the score for functiond activities of the hip aswell as quali-
ty of life.

The gtrength of our proposed technique isthat it can engble
amulti-planar stable fixation of trochanteric fragments and
preservation of the hip abductor mechanism, because there
was no disruption of soft-tissue attachments to the fractured
fragments and wires were passed through a wire passer. In
addition, use of this technique enables repositioning of the
trochanter at the desired position, namely distdization and
anterior or posterior position to avoid any impingement. This
technique can also be used in cases where there is no cal-
car to support horizonta wiring as advocated by Charnley?.
Themgjority of patients experienced relief from pain with no
weskness of the abductor, indicating that use of the proposed
intertrochanteric wiring technique resulted in restoration of
the abductor lever mechanism for both fresh intertrochanteric
fracture and failure of fracture fixation during primary arthro-
plasty, leading to an improved score for functional activities
of the hip. Evenin cases of poor bone stock, this system pro-
vided stable fixation; however, caution isrequired at thetime
of reconstruction. When excessive forceis applied using a
tension device thereisarisk of cutting through the bone,
resulting in failure of fixation. None of the patients suffered
joint infection, peri-prosthetic fracture, prosthesis disoca
tion, deep vein thrombosis, or other complications follow-
ing surgery. Posterior capsular repair using pull through
sutures and trochanteric stabilization is the key to success
in avoiding didocation. There are some potentiad limitations
to our study. Firgt, athough there was no control group, we
have compared our results with available literature and found
that they are significant. Second, our study had a short fol-
low-up period. Conduct of a large randomized controlled
study with along follow-up period will be required in order
to validate our observations.

CONCLUSION

The findings of our sudy demonstrated that the modified
multi-planar wiring technique for fixation of trochanteric
fracture fragments following primary hip arthroplasty can
be helpful in restoring the abductor mechanism, resulting
in minimal postoperative complications. Minimal soft tis-
sue damage, biomechanically superior construct, ease of
surgical technique, and perceived improved outcomes were
the other factors associated with the cost effectiveness of
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the current technique. Stability in al planesis regarded as
a success, which isthe principle of AO for fixation of any
fracture, and thisis more eastic due to the tension band prin-
ciple. The added stability in different planes resultsin more
rapid rehabilitation and excellent clinico-radiological out-
comes.
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