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Abstract

\

The aim of this study was to evaluate the efficacy of supplementary fixation in hip arthroplasty with the use of Kirschner-wires and |
tension band for geriatric patients suffering unstable intertrochanteric osteoporotic fractures. A total of 103 patients aged more than
75 years were recruited. A bipolar or total hip replacement was performed with additional application of Kirschner-wires and tension
band, and the participants were followed up for 2 to 11 years. Physical component summary (PCS), mental component summary
(MCS), visual analog scale (VAS), and Harris hip score were utilized to evaluate patients’ hip pain and function, as well as the mental
condition postoperatively after 1.5 months, 3 months, 6 months, 1 year, and annually thereafter until the latest follow-up in 2015.
Patients showed a significant improvement in all scores between 1.5 months and 1 year (P < 0.001), with the good efficacy lasting at
least until the 2-year follow-up. None of the patients showed dislocation, implant loosening, or nonunion of the fracture throughout
the follow-up period. In conclusion, it was beneficial to treat unstable intertrochanteric osteoporotic fractures in aged patients with hip

arthroplasty coupled with Kirschner-wires and tension band.

Abbreviations: MCS = mental component summary, PCS = physical component summary, VAS = visual analog scale.
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1. Introduction

Unstable intertrochanteric fracture is commonly concerned in
elderly populations because of the increased risk of minor trauma
resulting from accompanied osteoporosis. It accounts for 45% to
52% in all hip fractures of aged people, with a number of
340,000 in USA and Canada in 2008 and estimated more than
580,000 in 2040."""* Tt is therefore necessary to explore effective
therapies to avoid the functional impairment which can even lead
to death among old people.

There are 2 accepted operations to treat unstable intertrochan-
teric osteoporotic fracture, internal fixation, and acute arthro-
plasty. Internal fixation, like sliding screw plate or proximal
femoral nail, has been effective in many cases but with a high
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incidence of complications because of the instability and
osteoporosis. The complications such as internal fixation failure,
malunion, or reduction loss,*~"! always result in unsatisfactory
hip function and long-time-stay in bed which increase the risk of
pneumonia, urinary tract infection, venous thrombosis, and bed
sores. Acute arthroplasty was recommended by most surgeons
especially in treating aged osteoporotic patients with severe
preexisting arthritis who would be faced with a higher risk of
failure or complications if treated with internal fixation./*¢8!
Furthermore, elderly patients who underwent arthroplasty could
benefit from early functional exercises with partial weight bearing
which is not allowed when an internal fixation is performed.!®

However, hip arthroplasty without any reinforcement could
not guarantee a high stability of prosthesis because of the
weakened hip muscles in aged osteoporotic patients. With
purpose of avoiding complications and obtaining long-term
stability, we proposed an innovative surgical scheme for treating
patients by primary arthroplasty coupled with K-wires and
tension band, as well as cerclage if necessary. In this study, 103
patients older than 75 years with unstable intertrochanteric
osteoporotic fracture were recruited and treated by the enhanced
arthroplasty, and then a 2- to 11-year follow-up was conducted.
With reconstruction of the metaphyseal bone fragments and
greater trochanter, we hypothesized that an acceptable efficacy
would be achieved with such surgical procedures.

2. Methods

2.1. Participants

A total of 103 patients (70 women and 33 men) with unstable
intertrochanteric osteoporotic fracture (AO/OTA A2.2 or A2.3)
were recruited in this study between January 2002 and January
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2013. All of the participants underwent hip replacement coupled
with K-wires and tension band treatment in the Department of
Orthopedics, the First Affiliated Hospital of Chongqing Medical
University. In some cases, cerclage was utilized to further fix the
greater and lesser trochanters.

This study was approved by the Ethics Committee of
Chonggqing Medical University, and Institutional Review Board
(IRB) approval of Chongqing Medical University was obtained.
Written informed consents were obtained from all participants.

2.2. Surgical procedures

American Society of Anesthesiologists (ASA) physical score was
adopted to evaluate the preoperative medical status and surgical
risk. All individuals were laterally positioned and operated under
spinal or general anesthesia. A posterolateral (Moore’s) approach
was adopted for hip exposure. The length of incision was chosen
longer than that for regular hip replacement in order to obtain
sufficient exposure of the proximal femur, and sometimes the
insertion of gluteus maximus had to be detached. Following
external rotators detachment and arthrotomy, the femoral neck
was cut off and then the hip was manually dislocated. With the
removal of the femoral head, the greater and lesser trochanters
were temporarily repositioned with assistance of bone forceps if
necessary. Further, the acetabula was reamed, a cementless cup
implanted, the femoral canal prepared for implantation of the hip
stem with rasps.

In case a cemented stem was preferred, we preserved the trial
inside carefully, repositioned the greater trochanter anatomically,
and fixed it by insertion of 2 K-wires (mostly 2.0 mm in diameter)
from the tip of the great trochanter to the lateral aspect of the
femoral canal. Next, we reduced the displaced posterior and
medial fragments in the intertrochanteric region and fixed them
with a cerclage if necessary. A transverse hole was made in the
lateral aspect of femoral diaphysis 3—5 cm distal to the fragment
and a twin stainless steel wire was put through this hole and tied
in a figure-of-eight fashion over the tail of the 2 K-wires which
were then bent and cut. The hip was reduced with trial, the leg
length and hip stability were checked, followed by removal of the
trail. With the third generation cementing technique, a cement
stem with a length of 170 to 180mm was inserted into the
femoral canal and held at 15 degrees to guarantee physiological
acetabular anteversion. The height of prosthesis was referred to
the contralateral distance between the center of femoral head and
tip of the greater trochanter. Finally, we cleaned the excess
cement and those leaking from the fragments’ gap, grafted bone
tissues harvested from the femoral head, and then tightened the
figure-of-eight stainless steel wire.

When a cementless stem was preferred, we removed the trial,
reduced the greater trochanter fragments, temporarily main-
tained them with bone forceps, and then the prosthesis was
tapped into the femoral canal. Next, we inserted K-wires, reduced
the displaced posteromedial fragment, and tightened the stainless
steel cerclage wires.

After implantation of femoral head prosthesis, we checked the
leg length and hip stability again. At last, the hip capsule and
external rotators were repaired, and a negative pressure drainage
tube was used before the incision was closed layer by layer.

2.3. Post-operative management

All individuals were given prophylactic intravenous antibiotic for
24 to 48hours, and as prophylaxis for deep-vein thrombosis,
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every patient received aspirin or low-molecular heparin for 5
weeks. Drainage tubes were removed within 24 hours postoper-
atively. Rehabilitative exercises in bed were launched from the
first day after surgery, and patients were encouraged to perform
partial or full weight bearing gait training exercise depending on
the type of implanted femoral stem (cemented or cementless) with
support of crutches or walking aids as soon as the general
condition permitted. Besides, precautions of posterior dislocation
were encouraged when patients began early ambulation.

2.4. Statistical analysis

All patients were followed up at regular intervals postoperatively
at 1.5 months, 3 months, 6 months, 1 year, and annually
thereafter until the latest follow-up in 2015. Hip functions and
occurrence of complications like pain, infection of wound, limb
swelling and length discrepancy, dislocation and loosening of the
prosthesis were recorded. All participants were evaluated
clinically and radiologically by physical component summary
and mental component summary (SF-12), visual analog scale
(VAS), and Harris hip score at visits of 1.5 months, 1 year, and at
the latest visit in 2015. The paired #-test was performed to check
for statistical significance between scores from different follow-
ups after passing tests of normality and homogeneity of variance,
and the signed rank test was adopted for non-normal data
distributions.

3. Results

3.1. Clinical characteristics

The mean age of all participants was 81 years (ranged from 75 to
98), and the average body mass index (BMI) was 21.4 (ranged
from 17.3 to 26.3). The mean preoperative T-score of bone
mineral density (BMD) was —3.1 (ranged from —4.5 to -2.5).
Among all cases, 88% patients (91 out of 103) got a trauma
because of a simple fall, and 81% patients (84 out of 103) could
walk freely. There were 66% patients (68 out of 103)
accompanied with other 1 to 6 diseases, and 78% patients (80
out of 103) operated within 1 week. There were 74 % patients (76
out of 103) assigned ASA class II by an experienced anesthesiol-
ogist, and the other patients were all assigned class III. According
to the degree of acetabular cartilage damage and hip arthritis,
77% patients (79 out of 103) were treated by hemiarthroplasty
with bipolar prosthesis, and 23% patients (24 out of 103) were
treated by total hip arthroplasty.

Four participants had a failed internal fixation prior to the hip
replacement, which was indicated by either nonunion or fracture
collapse with hardware cut-out. Six participants were with 1-3
co-existing fractures, including distal radius fracture in 2 cases,
proximal humerus fracture in 1 case, and spinal fracture in 3
cases. Fifteen participants suffered from symptomatic osteoar-
thritis and rheumatoid arthritis.

3.2. Perioperative variables

The mean duration of operation was 65 minutes (ranged from 35
to 120 minutes), and the averaged estimated blood loss was 180
mL (ranged from 50 to 900 mL). Seventeen patients received a
blood transfusion (ranged from 1 to 3 units) intraoperatively, and
13 patients received a blood transfusion (ranged from 1 to 4
units) postoperatively. Patients could ambulate with assistance at
a mean time of 3 days postoperatively (ranged from 1 to 18 days).
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Figure 1. (A) Preoperative anteroposterior radiograph showing an unstable intertrochanteric osteoporotic fracture; (B) 2 days postoperative radiograph
demonstrating a hip replacement with satisfying reduction and rigid fixation of the great and lesser trochanters with Kirschner-wires and tension band; (C) 1-year
postoperative radiograph demonstrating a bone union of the greater and lesser trochanters.

The average stay was 16 days for patients treated with cementless
stem able to perform partial weight-bearing exercise and for
those treated with cemented stem able to perform full weight-
bearing exercise.

3.3. Surgical efficacy

Prosthesis selection and intraoperative details were recorded
in the supplementary material, http:/links.lww.com/MD/B486.
None of the patients showed dislocation, implant loosening,
nonunion of the fracture, breakage of the steel wire, osteolysis
throughout the 2-to-11-year follow-up. X-ray images of patients
were obtained before and after surgery, as well as at each follow-
up (Fig. 1). A total of 90 cases at 6 weeks, 86 cases at 1 year, and
85 cases at the last follow-up could ambulate with or without
assistance, but only 34 had pain-free hip, whereas the others
suffered a mild pain or discomfort at the last follow-up. Harris
hip score, physical component summary (PCS), mental compo-
nent summary (MCS), and VAS score at 6 weeks and 1 year after
surgery, as well as those at the latest follow-up were investigated
with results displayed in Table 1. All patients showed improved
Harris hip score, PCS, MCS, and VAS from 6 weeks to 1 year
postoperatively (P<0.001, Table 1, Fig. 2), and there was no
significant difference in all scores from 1 year to the latest follow-
up (Table 1, Fig. 3).

3.4. Compilications

The summary of the complication is described in Table 2. The
overall incidence of operation-related complications was 34.0%.
Two patients died intraoperatively because of the pulmonary
embolism and/or toxicity of bone cement. Four patients died
within 6 weeks (11 cases lost), 8 within 1 year (12 cases lost), and
18 at the last follow-up (17 cases lost). Among these patients who
died after surgery, 1 patient died of severe wound infection and
multiple organ dysfunction syndrome 4 months after surgery,
and the others died of causes unrelated to the fracture.

A periprosthetic longitudinal fracture occurred accidentally in
1 case around a cemented stem intraoperatively, which occurred
when the K-wires were tapped into the proximal part of the
femoral canal (Fig. 4A). A periprosthetic fracture induced by a
simple fall in 1 case did not result in cementless implant loosening
8 months after surgery. The 2 secondary fractures above were
further fixed with cerclage and plate with cables, respectively.
Bone cement leakage from the fragments’ crack in 2 cases when
the stems were tapped in, both not detected during surgery,
turned out no discomfort after surgery. K-wires retrograding
occurred in 2 cases within 1 year (Fig. 4B), which caused pain
when the patients walked or rose from chair, and the pain
disappeared in both cases when the retrograding K-wires were
removed. Heterotopic ossification developed in 5 cases (Fig. 4C),
with 3 graded Il and 2 graded II according to the classification
proposed by Brooker et al'®! but no discomfort was felt.

Symptomatic acetabular cartilage wear occurred 3 years
postoperatively in 2 patients who underwent hemiarthroplasty,
but revision was not done because of advanced age and mild
inguinal pain. Two patients with cementless stem suffered thigh
pain within 6 months postoperatively, but the pain released

Harris hip score, PCS, MCS, and VAS postoperatively.

B3

Follow-up Harris SF-12 (PCS) SF-12 (MCS) VAS
1.5 months 60.34+9.34 26.83+3.74 46.29+4.03 2+2
P value® <0.001 <0.001 <0.001 <0.001
1 year 79.08+12.52 34.87+6.75 50.36+4.42 1+1
P value* 0.651 1.000 1.000 0.678
Latest 80.88+9.71 35.57+6.19 50.19+4.45 0+1

MCS = mental component summary, PCS = physical component summary, VAS = visual analog scale.
* Described by using median +interquartile range (IQR) in non-normal data distribution.

¥ Comparing scores from 1.5-month follow-up with those from 1-year follow-up by using the paired
ttest or singed rank test.

* Comparing scores from 1-year follow-up with those from the latest follow-up by using the paired
t-test or singed rank test.
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Figure 2. Comparisons of clinical outcomes at 1.5-month follow-up and those at 1-year follow-up, evaluated by using paired t-test in the Harris score, SF-12 score,
and signed rank test in the VAS score. Statistical significance was found in all scores (P <0.001).

without any treatment thereafter. Wound infection occurred in
2 type-II diabetes mellitus patients whose blood albumins were
both below 27g/L. One with superficial infection underwent
debridement and then the infection was quickly under control.
The other with deep infection rejected re-operation and died 4
months after surgery. Leg length discrepancy occurred in 2
patients, but radiological measurement proved that the difference
between legs was less than 1cm, and the discomfort was
alleviated gradually within 1 year postoperatively.

There were other complications prior to discharge. Dysphoria
occurring in 21 cases was considered as with organic mental
disorders, and all involved patients were sedated as required.
Finally, all the patients were discharged without psychiatric
symptoms. Besides, 8 cases and 4 cases developed pulmonary
and urinary infection, respectively. Eight cases had deep-vein
thrombosis, and 9 cases had a pressure sore due to delayed

ambulating. All these cases were provided specific treatment and
got symptom’s remission.

4. Discussion

The traditional treatments of intertrochanteric fractures are open
reduction and internal fixation with dynamic hip screws,
intramedullary nail or proximal femoral nail. However, elderly
patients with osteoporosis have a high prevalence of unsatisfac-
tory outcomes due to inadequate implant hold of bone with a
failure rate of 3% to 16.5%,*'!! and a low probability to survive
the re-operation. In addition, some studies reported a high rate
of mortality,!*! which reached 22% 1 year after surgery,'*! with
most of the cases died because of general complications such as
hypostatic pneumonia, unirary tract infection, DVT, pulmonary
embolism if patients underwent fixation surgery.
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Figure 3. Comparisons of clinical outcomes at 1-year follow-up and those at the last follow-up, evaluated by using the paired t-test in the Harris score, SF-12 score,
and signed rank test in the VAS score. No statistical significance was found in any score (P> 0.05).
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Complications occurred intra- or postoperatively.

Complications No. of patients Incidence
Intraoperative dead 2 1.9%
Died within 6 weeks 4 (11 cases lost) 6.5%
Died within 1 year 8 (12 cases lost) 8.8%
Pulmonary embolism 1 1.0%
Bone cement toxicity 1 1.0%
Wound infection 2 (12 cases lost) 2.2%
Organic mental disorders 21 20.4%
Deep-vein thrombosis 8 7.8%
Pulmonary infection 8 7.8%
Urinary infection 4 3.9%
Pressure sore 9 8.7%
Thigh pain 2 1.9%
Symptomatic acetabular Cartilage wear 2 (17 cases lost) 2.3%
Heterotopic ossification 5 (17 cases lost) 5.8%
K-wires retrograding 2 (17 cases lost) 2.3%
Bone cement leakage 2 1.9%
Leg length discrepancy 2 1.9%
Peri-prosthetic fracture 2 (17 cases lost) 2.3%

The purpose of treating intertrochanteric fractures in the
elderly is to allow immediate ambulating after surgery, improve
hip function and life quality, and avoid complications resulted
from recumbence and internal fixation. Therefore, hip replace-
ment was recommended as the primary treatment strategy for
unstable intertrochanteric fractures by some surgeons.[%13-221
Our case series also demonstrated a continuous good outcome
when treated by arthroplasty, which was reflected by the
significantly improved pain and functional scores 1 year after
surgery and that of the latest follow-up. However, the mortality
rate was 6.5% within 6 weeks and 8.8% within 1 year after
surgery, which seems to be acceptable, but we still insisted that
patients at this age should be operated with extreme caution
because of the various comorbidities which further perplex the
management of these osteoporotic fractures. Four or more
comorbidities could increase the death rate by 78%.!*3

www.md-journal.com

It is well accepted that reconstruction and fixation of the greater
trochanter are essential in treating intertrochanteric fractures.
Several techniques were described to fix the greater trochanter.
Most surgeons preferred the cerclage with stainless steel wires or
cables, while some preferred plate and screws or suturing.**! The
former technique was reported possible to develop breakage of
steel wires and nonunion postoperatively./*>! A retrospective study
reported a cable breakage rate of 12.8% (5 out of 39) in
osteoporotic patients with intertrochanteric fracture who under-
went hip replacement with cerclage fixation for the proximal
femoral fragments.”! Therefore, we optimized the fixation of the
greater trochanter with K-wires and tension band which is tight
enough for early weight-bearing exercises even in aged patients
with advanced osteoporosis and poor bone quality. In this study
for up to 11 years, all available participants demonstrated a
satisfactory radiological greater trochanter healing without
breakage or cut-out of the internal fixation, which was considered
as one of the crucial factors for function improvement and pain
relief. Besides, it alleviated patients’ economic burden which was
more meaningful for developing countries. We therefore insisted
that rigid suturing was not necessary but plate was not
recommended for disadvantages on holding the osteoporotic
fragments together, as well as the economic reasons.

Two patients with developed K-wires retrograding but without
steel wires’ breakage were observed in the present study, which
was considered as main disadvantage of this technique. It was
considered resulting from osteoporosis, bone absorption around
the K-wires, and the movement of gluteus medius. We therefore
began to use K-wires with thread near the tip in fixation, and we
hypothesized that it could be an effective way to avoid the
retrograding of K-wires.

Chu et al'™! and Lee et al™™®! reported satisfactory outcomes
by using hip replacement for the osteoporotic fractures with
cementless stem, including Wagner SL and hydroxyapatite-
coated long stem. Patterson proposed an insertion of cementless
stem in elderly patients accompanied with cardiac or pulmonary
disorders generally, in order to prevent cement-related cardio-
vascular complications.?®! In this study, 15 patients underwent

Figure 4. (A) Anteroposterior radiograph demonstrating a peri-prosthetic longitudinal fracture around a cemented stem intraoperatively; (B) anteroposterior
radiograph demonstrating a K-wires retrograding; (C) anteroposterior radiograph demonstrating heterotopic ossification around the hip.
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hip replacement with Wagner SL stem and 8 patients with AML
stem (hydroxyapatite-coated long stem), among which 2 suffered
thigh pain and 1 developed a peri-prosthetic fracture. These
complications could result from the osteoporotic thinning of the
femoral cortex which led to stress concentration. So we
performed this surgery with cementless stem mostly. Peri-
prosthetic fracture occurred intraoperatively in 1 case with
cemented stem, but the K-wires we used in this case were 3.0 mm
in diameter which was considered as the possible cause of the
fracture due to its loss of elasticity, and that was why we chose K-
wires with 2.0mm in diameter thereafter. Certainly, there were
also disadvantages in cemented stem, like bone cement leakage
and cement toxicity, which can hardly be avoided and also
occurred in the present study. Recently, steroid was intravenously
injected during our clinical surgery before use of cement, which
can theoretically reduce the occurrence of cement toxicity.

Fan reported results of patients suffering osteoporotic
intertrochanteric fractures and treated by bipolar versus total
hip replacement, and concluded that bipolar choice seemed to be
more beneficial because of its shorter surgical time, lower
operation cost, less blood loss, and no dislocation.®! In our
series, 79 patients underwent bipolar hip replacement, and 24
patients underwent total hip replacement because of damaged
cartilage or preexisting arthritis accompanied. Symptomatic
acetabular cartilage wear, which should be highly concerned in
bipolar hip replacement, occurred only in 2 cases and the pain
was not severe. The concern regarding growing pain due to
acetabular erosion seemed not to be a big problem during follow-
up, which might benefit from low activity among aged patients.
Our outcome was in accordance with those reported by Fan et al,
and we recommended the bipolar one for the same reason. In
addition, we noticed that organic mental disorders occurred in 21
cases, which always led to noncompliance after surgery and easily
developed dislocation. Although many studies showed excellent
clinical outcomes and patient satisfaction by using hip replace-
ment, it was still controversial which treatment was more
beneficial. No significant difference was observed between
internal fixation and hip replacement in some studies.*”!

The main limitation of our retrospective study was the absence
of a control group and small amount of cases included, which
might bias our outcomes. Therefore, more prospective, random-
ized double-blind controlled studies were needed to validate the
long-term efficacy of hip replacement.
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