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Abstract
Background Cementless hemiarthroplasty is a widely used treatment for femoral neck fractures. Intra-operative femoral fracture
occasionally occurs during the procedure, and the use of cerclage wire has been proposed to stabilize both the prosthesis and the
bone. This study aimed to investigate the outcomes of cerclage wiring to manage intra-operative fractures occurring during
cementless hemiarthroplasty in older patients with a femoral neck fracture.
Methods Medical records and radiographs of older patients with femoral neck fractures who underwent hemiarthroplasty during
2009 to 2015 were retrospectively reviewed. Patients who received cerclage wiring were matched with a demographically
matched control group that did not. Patients were followed for at least 12 months. Functional outcomes and health-related quality
of life were evaluated by determining the distance of distal stem migration, Barthel Index, EuroQol-visual analog scale (VAS),
and pain-VAS.
Results Eighty-one patients were included, comprising 27 study group and 54 control group patients. A tapered wedge-shaped
femoral prosthesis was implanted in all cases. No significant differences in distance of distal stem migration or rate of stem
subsidence > 2 mmwere observed between the case and control groups (subsidence rate 11.1 vs. 14.8%, respectively). There was
also no significant difference in functional outcomes between groups.
Conclusion Our results revealed a low mean distance of distal stem migration and a low subsidence rate. Functional outcomes
and quality of life were similar between the two groups. Cerclage wiring technique is safe, and it should be routinely performed
when intra-operative femoral fracture occurs during cementless hemiarthroplasty.

Keywords Outcomes .Cerclagewiring . Intra-operative femoral fracture .Cementlesshemiarthroplasty .Olderpatients .Femoral
neck fracture

Introduction

Osteoporosis is a continually evolving global major public
health concern. Osteoporosis leads to reduction in bone mass,
which results in bone fragility [1]. Hip fracture is a common
osteoporotic fracture among older adults that results in serious
health consequences, including significant loss of mobility
and 10–30% mortality within 1 year [2, 3]. The incidence of

hip fracture in 1990 was estimated to be 1.7 million, with 72%
of those fractures occurring in women. Hip fracture incidence
is projected to increase to 3.9 million in 2025, and to 6.3
million in 2050 [4]. Since a large proportion of the world’s
population lives in Asia and half of this population will be
aged 80 years or more by 2025 (and some project that the
figure could grow to 57% by 2050), the number of hip frac-
tures is expected to progressively increase, with 37% and 45%
of all hip fractures predicted to occur in Asia by 2025 and
2050, respectively [5]. In addition, certain adjustable risk fac-
tors, particularly nutritional status, are attributable to readmis-
sion following hip fracture. Models have been proposed that
have shown effectiveness for mitigating the problem [6].

In general, hemiarthroplasty and total hip arthroplasty
(THA) are recommended as surgical treatment options in
older patients with a displaced femoral neck fracture.
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Hemiarthroplasty has demonstrated superior results relative to
lower risk of re-operation and greater cost effectiveness [7, 8],
and THA was reported to be associated with improved long-
term functional outcomes [9]. However, the use of cemented
and cementless prostheses remains controversial. Cemented
hemiarthroplasty showed satisfying survivorship, with a cu-
mulative incidence of revision for any reason at 20 years of
only 3.5% [10]. In cemented hemiarthroplasty, acrylic bone
cement is applied to reamed cancellous bone to form a mantle
between the femoral component and the bone. Cemented
hemiarthroplasty, however, is associated with a higher risk
of complications, including fat emboli, cement emboli, and
bone cement implantation syndrome (BCIS) [11, 12]. A ret-
rospective investigation found that BCIS occurred in 25–30%
of patients who underwent the cementedmethod, and 5–7% of
patients developed severe BCIS that led to both early and late
mortality [13]. The cementless technique was, therefore, in-
troduced to minimize the risk of these associated complica-
tions [14]. The incidence of intra-operative fractures is signif-
icantly higher in cementless arthroplasty than in cemented
arthroplasty [12, 15–17]. When this complication occurs, the
use of cerclage wire is recommended for the management of
intra-operative femoral fracture tomaintain position and align-
ment of the femoral components, to ensure the stability of the
prosthesis, and to prevent fracture propagation [18].

The outcomes of cerclage wire in this surgical setting remain
unclear. Some studies reported post-operative subsidence, but all
of those implants remained stable and no revision was required
[19–21]. Accordingly, the aim of this study was to investigate
the outcomes of cerclage wiring to manage intra-operative frac-
ture occurring during cementless hemiarthroplasty in older pa-
tients with femoral neck fracture. Post-operative subsidence and
functional outcome were specifically determined, and our find-
ings were compared to those of a matched control group that
received cementless hemiarthroplasty, but that did not have
intra-operative fracture.

Materials and methods

A retrospective review of medical records and post-operative
radiographs was conducted in patients with femoral neck frac-
ture who underwent cementless hemiarthroplasty during
January 2009 to December 2015 at the Department of
Orthopaedic Surgery, Faculty of Medicine Siriraj Hospital,
Mahidol University, Bangkok, Thailand. Patients with one or
more of the following conditions were excluded: femoral neck
fracture caused by high-energy trauma, complex
hemiarthroplasty (e.g., structural bone grafting or osteotomy),
pathologic fracture, multiple fractures, and/or implantation of
an earlier generation prostheses (e.g., Austin Moore or
Thompson prosthesis). Patients were also excluded if there
was no immediate post-operative radiograph of the operated

hip. The protocol for this study was approved by the Siriraj
Institutional Review Board (SIRB) (COA no. 437/2559[EC3]).

Patients who received cerclage wiring for an intra-
operative femoral fracture (fracture group) while undergoing
cementless hemiarthroplasty were compared with a matched
control group of patients without intra-operative femoral frac-
ture (no fracture group) at a ratio of 1:2. The case and control
groups were matched according to age, gender, Dorr classifi-
cation, and type of femoral prosthesis.

Surgical technique

All operations were performed via a posterolateral approach
by one or more of ten surgeons (6 and 4 surgeons were
arthroplasty and orthopaedic trauma surgeons, respectively).
After exposure of the hip joint, the lesser trochanter was iden-
tified. Femoral neck resection was performed above the lesser
trochanter based on measurement from the pre-operative tem-
plate, with the aim of restoring proper leg length and femoral
offset. In most cases, the femoral neck was resected approxi-
mately 1 cm above the lesser trochanter. The broach-only
femoral canal preparation technique was used to prepare the
canal before implantation of a tapered wedge-shaped femoral
component. The femoral canal was broached to the size nec-
essary to achieve stable fixation. Stable fixation was deter-
mined in the following three planes: axial, rotation, and flex-
ion/extension. In this study, the following types of femoral
stems were used: Corail stem (DePuy Synthes, Warsaw, IN,
USA), Trilock stem (DePuy Synthes, Warsaw, IN, USA), and
VerSys M/L taper stem (Zimmer, Warsaw, IN, USA).
Posterior soft tissue structure was repaired in all cases. If
intra-operative fracture of the femoral neck occurred, soft tis-
sue dissection was performed to identify the extent of the
fracture. After thorough evaluation of the fracture at the fem-
oral neck, cerclage wires (1.5 mm in diameter; 316 stainless
steel) were applied around the femoral neck superior to the
lesser trochanter. The number of cerclage wires used was de-
termined according to the discretion of the attending surgeon.
If the fracture extended below the lesser trochanter, additional
wiring was applied below the lesser trochanter to prevent frac-
ture propagation. Patents in the control (no fracture) group
were allowed full weight-bearing immediately after surgery,
while those with intraoperative fracture were limited to partial
weight-bearing for the first six weeks after surgery, after
which they slowly progressed to full weight-bearing. All pa-
tients were followed for at least 12 months.

Data collection

Patient demographic and clinical data were collected, includ-
ing age, gender, side, body mass index (BMI), Charlson co-
morbidity index, pre-fracture ambulatory status, and Dorr
classification of the proximal femur. BMI was calculated
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using the formula: weight in kilograms divided by height in
metres squared. Pre-fracture ambulatory status was catego-
rized into three groups, as follows: non-ambulatory, ambula-
tory with assisting device, and ambulatory without assisting
device. For Dorr classification, the shape and bone structure of
the proximal femur were assessed and classified into one of
the three following types: Type A exhibited thick cortices on
the anterior-posterior radiographic view, and a large posterior
cortex on the lateral view; type B exhibited bone loss from the
medial and posterior cortices; and type C exhibited dramati-
cally thin cortices with a fuzzy appearance on lateral radio-
graphs [22]. Peri-operative data, including operative time, es-
timated blood loss, type of prosthesis, and length of hospital
stay, were collected. Post-operative complications (e.g., frac-
ture, dislocation, and wound complication) were also record-
ed. At the 12-month follow-up, the distance of distal stem
migration was measured. In addition, activities of daily living,
health-related quality of life, and the intensity of post-
operative pain were assessed by using Barthel Index,
EuroQoL, and pain-visual analog scale (VAS), respectively.

Radiographic evaluation

Anteroposterior radiographs were used to determine post-
operative subsidence, loosening, and osteolysis. Immediate
post-operative anteroposterior radiograph of both hips was
evaluated as baseline information. The distance of distal stem
migration was determined by the location of the tip of the
greater trochanter relative to the superolateral position of the
stem shoulder (Fig. 1). One assessor performed all measure-
ments from radiographs in order to reduce measurement error.
Twenty radiographs were selected to evaluate intra-observer
and inter-observer reliability of this assessor’s measurement
method. The intraclass correlation coefficient (r) for intra-
observer reliability and inter-observer reliability was 0.999
and 0.990, respectively. The mean absolute difference between
the first and second measurements by this assessor was approx-
imately 0.3 ± 0.2 mm (range 0.05–0.74). Stem subsidence was
diagnosed when the difference between the baseline and the
latest follow-up distance of distal stem migration exceeded
2 mm [23]. Femoral component loosening was determined by
the presence of a radiolucent line in 7 zones, as described by
Gruen, et al. [24]. Failure of the femoral component was de-
fined as a need for revision of the stem, evidence of radiograph-
ic loosening or failure, and/or severe hip or thigh pain.

Barthel Index

Barthel Index is a measurement tool that is used to rate a
person’s ability to physically perform activities of daily living
(ADL) [25]. The tool consists of ten items, each of which has a
score that ranges from 1 to 10 (total possible score = 100). The
higher the score, the greater the likelihood that a patient can

live independently at home after discharge. The Thai version
of the Barthel Index that was used in this study was reported to
be valid and reliable [26]. Barthel Index is a validated out-
come measurement tool for assessing functional recovery in
elderly patients with femoral neck fracture [27].

EuroQol

EuroQol is a standardized instrument that is used for describ-
ing and evaluating health-related quality of life [28]. EuroQol
contains four parts. The first two parts relate to health status
(EQ-5D) and a visual analogue scale (EQ-VAS). The other
two parts are specific to valuation and background informa-
tion. Of those four EuroQol components, only EQ-VAS,
which is a self-assessment scale, was used in this study.
Each patient was asked to evaluate his or her health status
on a visual analogue scale that ranged from 0 (worst health
status) to 100 (best health status). The EQ-VAS was reported
to be a reliable and valid tool for assessing health-related qual-
ity of life in elderly patients with femoral neck fracture [29].

Fig. 1 Anteroposterior radiograph of left hip showing measurement of
the distance of distal stemmigration (line AB), with (A) signifying the tip
of the grater trochanter, and (B) showing the superolateral position of the
stem shoulder
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Visual analogue scale

Visual analogue scale (VAS) is a commonly used tool to as-
sess the intensity of post-operative pain. The VAS pain scale
used in this study was a 10-cm vertical line labeled with Bno
pain^ at the bottom, and Bworst imaginable pain^ at the top.
Patients were asked to rate their pain by marking the point on
the line that reflected their level of pain [30]. In this study, pain
intensity was evaluated both at rest and during movement.

Statistical analysis and sample size calculation

A descriptive analysis was performed, and the results are pre-
sented as mean ± standard deviation and range for continuous
variables, and as frequency and percentage for categorical
variables. The Kruskal-Wallis test was used to differentiate
normally distributed from non-normally distributed quantita-
tive data. Case (intra-operative fracture) and control (no frac-
ture) group quantitative data were compared using unpaired t
test for normally distributed data and Mann-Whitney U test
for non-normally distributed data. Qualitative data were com-
pared between groups using either chi-square test or Fisher’s
exact test. SPSS Statistics version 18 (SPSS, Inc., Chicago, IL,
USA) was used to analyze the data. A p value less than 0.05
was regarded as being statistically significant.

To calculate the sample size, a pilot study was conducted to
determine the mean distance of distal stem migration in five
pairs of patients. Each pair of patients consisted of a patient
with and a patient without intra-operative fracture. The mean
result of that pilot study was 10.60 ± 7.08 mm and 6.50 ±
2.13 mm for the fracture group and no fracture group, respec-
tively. Using a probability of a type I error of 0.05 and a power
of 20%, a total of 36 patients (18 patients per group) was
calculated. To compensate for a potentially high 1-year mor-
tality rate among our cohort, the size of the study population
was increased to at least 27 patients per group.

Results

There were 880 patients diagnosed with femoral neck fracture
during the study period. Of those, 293 patients underwent
cementless bipolar hemiarthroplasty. Intra-operative fracture
of the femoral neck occurred in 52 patients (17.7%). Of these
52 patients, 17 patients died within one year after surgery, and
eight patients were lost to follow-up. The remaining 27 pa-
tients with intra-operative fracture of the femoral neck (frac-
ture group) were enrolled in this study. These patients were
compared to a 54-patient matched control group (no fracture
group) (1:2 study to control group ratio) based on age, gender,
Dorr classification, and type of the femoral prostheses (Fig. 2).

The average follow-up time was 3.4 years (range 1–6) and
3.2 years (range 1–6) in the fracture group and the no fracture

group, respectively. Patient demographic and baseline clinical
characteristics are outlined in Table 1. The mean age was
79.3 years (range 58–93), and most (88.9%) subjects were
women. Approximately 79% of patients could ambulate with-
out the use of any assisting device before fracture, and 87.7%
had a Charlson comorbidity index < 3. The most commonly
used prosthesis was Corail stem (66.7%), followed by VerSys
M/L taper (29.6%) and Trilock stem (3.7%). Most hips
(83.9%) had a type B Dorr classification. There were no sig-
nificant differences between groups for demographic or clin-
ical characteristics, except that the right leg was significantly
more often affected in the fracture group than in the no frac-
ture group (p = 0.008) (Table 1). Most patients (74.1%) with
intra-operative fracture had cerclage wiring above the lesser
trochanter, whereas 11.1% and 14.8% of fracture group pa-
tients had cerclage wiring below the lesser trochanter and both
above and below the lesser trochanter, respectively.

Concerning perioperative data, the mean operative time
was 98.3 minutes (range 60–150) and 89.3 minutes (range
50–150) in the fracture group and the no fracture group, re-
spectively (p > 0.05). The mean estimated total blood loss was
244.4 mL (range 50–900) in the fracture group, and 208.5 mL
(range 20–700) in the no fracture group (p > 0.05). Length of
hospital stay and length of postoperative stay were both sig-
nificantly longer in the fracture group (both p < 0.05). No
intra-operative complications other than intra-operative frac-
ture were observed in either group (Table 2).

Evaluation of the latest post-operative radiograph of the
operated hip revealed mean ± standard deviation distances of
distal stem migration in the fracture and no fracture groups of
1.0 ± 0.9 mm (range 0–3.6) and 1.2 ± 1.0 mm (range 0–4.3),
respectively (p = 0.58) (Fig. 3). There were three patients
[11.1%, 95% confidence interval (CI) 3.9–28.1] in the fracture
group that had stem subsidence greater than 2 mm, and eight
patients (14.8%, 95% CI 7.7–26.6) in the no fracture group.
No patients in this study had revision of the femoral stem,
stem loosening, or osteolysis.

When comparing the functional outcome measure and
health-related quality of life between groups, the mean
Barthel Index was 78.0 ± 26.2 in the fracture group, and
83.5 ± 21.3 in the no fracture group (p = 0.10); and the EQ-
VAS was 71.7 ± 16.1 in the fracture group, and 74.4 ± 17.2 in
the no fracture group (p = 0.36). No significant differences
were observed for pain-VAS at either rest or during activity
between groups (Table 3).

Discussion

Hemiarthroplasty is a conventional treatment for older pa-
tients with a displaced femoral neck fracture [31]. However,
the question whether cemented or cementless fixation is more
efficacious in this surgical setting is still being debated. To
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date, both techniques have been widely used. Previous studies
reported a preference for cementless fixation due to a shorter
operative time and less blood loss, with both the cemented and
cementless methods showing similar clinical results [16, 32].

Although cementless fixation has shown some distinct advan-
tages over the cemented option, it was found to be associated
with intra-operative and post-operative periprosthetic fracture
[18, 33, 34]. Previous studies reported a wide range of incidence
of intra-operative femoral fracture (3.7% to 19.5%) [19–21, 35,
36]. In the present study, the rate of intra-operative fracture of the
femoral neck (17.7%) was considered high. Even though the
causes of these fractures remain unclear, the authors speculate
that the high rate of intra-operative fracture in this study may be
related to the design of a particular femoral implant, since ap-
proximately 67% of intra-operative femoral fracture occurred in
patients who received Corail stem. The Corail stem has a long
femoral trunnion that creates a high vertical offset that may not be
suitable for use in Asian population that normally have a small
body frame and short vertical offset [37–39]. Devices with a long
femoral trunnion may need to be driven further down into the

metaphysis, potentially resulting in an intra-operative fracture of
the femoral neck. This study, however, was not designed to eval-
uate association between the length of the femoral trunnion and
the rate of intra-operative fracture. Future study to explore this
issue is warranted.

All fractures in the fracture group received treatment with
cerclage wiring to stabilize the implant. A biomechanical study
found that placement of cerclage wiring to manage intra-
operative femoral fracture in total hip arthroplasty increased the
rotation and energy to failure [40]. That same study reported no
significant difference between the fracture and no fracture groups
for initial torsional stiffness of the prosthesis. Four previous
in vitro studies reported the biomechanical properties of cerclage
wires [40–43]. Prior studies investigated the subsidence rate of
tapered wedge-shaped femoral stems, and the reported rates var-
ied widely ranging from 1 to 81.6% [21, 44–49]. Barlas et al.
[35] reported 5 mm subsidence in 1 out of 6 patients who re-
ceived a hydroxyapatite ceramic-coated Furlong femoral compo-
nent and that sustained an intra-operative femoral fracture that
required fixation. Schewelov et al. [45] reported a subsidence rate

Fig. 2 Flow diagram describing
the patient enrollment process
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of 81.6% in patients with femoral neck fracture that received total
hip arthroplasty using an uncemented collarless Corail stem. In
the present study, three patients (11.1%) in the fracture group and
eight patients (14.8%) in the no fracture group demonstrated
subsidence greater than 2 mm. Although our subsidence rate is
comparable to the rates reported from those previous studies, it is

difficult to compare subsidence rates due to variations in factors
among studies, including patient characteristics, bone quality,
definition of subsidence, and procedure (hemiarthroplasty versus
total hip arthroplasty).

Our analysis of the peri-operative data revealed the
length of hospital stay and the length of post-operative stay

Table 1 Patient demographic and
clinical characteristics Patient characteristics Intra-operative fracture with wiring

(n = 27)

No fracture

(n = 54)

p value

Age (years) 79.3 ± 8.0

(range 61–93)

79.3 ± 7.3

(range 58–93)

1.000

Female gender 24 (88.9%) 48 (88.9%) 1.000

Right side 18 (66.7%) 18 (33.3%) 0.008

Body mass index (kg/m2) 23.1 ± 4.6 23.7 ± 4.1 0.546

Charlson Comorbidity Index

- 0–1

- 2–3

- > 3

13 (48.1%)

11 (40.7%)

3 (11.1%)

36 (66.7%)

11 (20.4%)

7 (13.0%)

0.148

Type of femoral component

- Corail (DePuy)

- Versys MLTaper (Zimmer)

- Trilock (DePuY)

18 (66.7%)

8 (29.6%)

1 (3.7%)

36 (66.7%)

16 (29.6%)

2 (3.7%)

1.000

Pre-fracture ambulatory status

- Non-ambulatory

- With assisting device

- Without assisting device

0 (0.0%)

6 (22.2%)

21 (77.8%)

0 (0.0%)

11 (20.4%)

43 (79.6%)

1.000

Dorr classification

- Type A

- Type B

- Type C

2 (7.4%)

21 (77.8%)

4 (14.8%)

4 (7.4%)

47 (87.0%)

3 (5.6%)

0.374

Type of surgeon

- Arthroplasty surgeon

- Orthopedic trauma surgeon

12 (44.4%)

15 (55.6%)

34 (63.0%)

20 (37.0%)

0.154

Data presented as mean ± standard deviation or number and percentage

A p value < 0.05 indicates statistical significance

Values with statistical significance are presented as italics

Table 2 Peri-operative data
compared between patients with
and without intraoperative
fracture of the femoral neck

Peri-operative data Intra-operative
fracture with wiring

(n = 27)

No fracture

(n = 54)

p value

Operative time (minutes) 98.3 ± 28.7

(range 60–150)

89.3 ± 25.7

(range 50–150)

0.196

Estimated total blood loss (mL) 244.4 ± 174.5

(range 50–900)

208.5 ± 132.1

(range 20–700)

0.384

Length of hospital stay (days) 17.5 ± 8.1

(range 8–43)

12.6 ± 4.7

(range 6–34)

0.004

Length of post-operative stay (days) 12.0 ± 7.1

(range 5–35)

8.7 ± 4.4

(range 4–30)

0.021

Other intra-operative complications 0 (0.0%) 0 (0.0%) –

Data presented as mean ± standard deviation or number and percentage

A p value < 0.05 indicates statistical significance
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both to be significantly longer in the fracture group than in
the no fracture group (p = 0.004 and p = 0.021, respective-
ly). However, these were not unexpected results, because
most surgeons tended to delay full weight-bearing and re-
habilitation in the fracture group, which resulted in a longer
post-operative stay. Regarding the use of cerclage wiring
after intra-operative fracture, this study is the first to evalu-
ate functional outcomes using Barthel Index, EQ-VAS, and
pain-VAS. Since the outcomes were found not to be signif-
icantly different between the 2 groups, it can be inferred that
the use of cerclage wiring was able to effectuate satisfactory
outcomes after intra-operative fracture. This technique
should, therefore, be considered a safe and effective method
that should be routinely performed in all patients who re-
ceive cementless hemiarthroplasty using a tapered wedge-

shaped femoral prosthesis and who develop intra-operative
fracture of the femoral neck.

If intraoperative fracture of the femoral neck occurs, soft tissue
dissection further down is necessary to identify the fracture ex-
tension at the femoral neck. After thorough evaluation of the
fracture, one to two cerclage wires should be applied around
the femoral neck superior to the lesser trochanter. If the fracture
extends below the lesser trochanter, additional wires should be
applied below the lesser trochanter to prevent fracture propaga-
tion. After cerclage wiring, stability of the stem should be re-
evaluated. If stable fixation is not achieved with this cerclage
wiring technique, change of the femoral stem to either cemented
stem or full-coated cementless stem should be considered.

This study has some mentionable limitations. First and sim-
ilar to all retrospective studies, this investigation was subject to

Fig. 3 Immediate and 5-year
post-operative radiographs after
hemiarthroplasty of patients in
fracture group and no fracture
group. Both patients showed
equal amount of distal stem mi-
gration distance (approximately
0.14 mm)
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some inherent biases relative to patient selection. Since the
choice of femoral fixation was made at the discretion of each
surgeon, it is possible that the bone quality of patients who
received cemented fixation was poorer than the patients in this
study that received cementless fixation. As such, it is possible
that the rate of intra-operative fracture and subsidence could be
much higher if cementless fixation was used in all patients with
femoral neck fracture. In addition, the authors have no informa-
tion or inadequate information regarding whether surgeons ini-
tially attempted to use tapered wedge-shaped cementless stem,
but then changed to another type of cementless stem (full-
coated) or cemented stem due to a failure to achieve immediate
stability with a tapered wedge-shaped design. Nevertheless, the
objective of this study was to evaluate the radiologic and func-
tional outcomes of cerclage wiring to manage intraoperative
fracture during cementless hemiarthroplasty. Second, due to
the retrospective nature of this study, details regarding intra-
operative fracture of the femoral neck, such as fracture location,
extent of the fracture line, and at what point the fracture oc-
curred, were not always recorded, so this information could
not be included in our analysis. However, it is speculated that
most fractures in this study were type AL fractures that occurred
at the lessor trochanteric area according to Vancouver classifica-
tion [50]. In this study, we estimated the length of intra-operative
fracture based on the number of cerclage wires that were used to
treat the intra-operative fracture. In most cases, cerclage wiring
was applied above the lesser trochanter. If intra-operative frac-
ture extended below the lesser trochanter, additional wires were
applied below the lesser trochanter to prevent fracture propaga-
tion. In this study, the majority of patients in the fracture group
(74.1%) had cerclage wiring only above the lesser trochanter.

This information supports our speculation that most fractures
were Vancouver type AL. However, the data limitations associ-
ated with the retrospective nature of our study limit the general-
izability of our results, and we are not able to confidently con-
clude that cerclage wiring can be used or would be efficacious
for the management all classifications of intra-operative femoral
fracture. If a fracture is classified as Vancouver type B, which is
a fracture that extends below the lesser trochanter, the subsi-
dence rate and mean distance of distal stem migration may be
higher.

The third limitation relates to the number of surgeons
involved in this study. Because one or more of ten surgeons
were involved in the treatment of these patients, the results
of this study could have been affected by different surgical
techniques and the level of expertise of each surgeon.
However, all surgeons in this study were either an
arthroplasty surgeon (6 surgeons) or an orthopaedic trauma
surgeon (4 surgeons), and each of these surgeons has per-
formed hemiarthroplasty in femoral neck fracture in more
than 50 cases. We, therefore, believe the possible effect of
this bias to be minimal. In addition, there was no significant
difference in physician surgical specialty between the frac-
ture and no fracture groups (p = 0.154). Moreover, since
surgeons with different sub-specializations are involved in
day-to-day treatment in real-world clinical settings, we feel
that our data fairly and accurately reflects a real-world con-
text. Fourth, our study had only one assessor to determine
all radiographic measurements. Although we repeated ra-
diographic assessment by two independent assessors at dif-
ferent time points in 20 radiographs after data collection to
assess for inter-rater variability between assessors—none

Table 3 Radiographic and
functional outcome compared
between patients with and without
intraoperative fracture of the
femoral neck at the latest follow-up

Outcome measurement Intra-operative
fracture with wiring

(n = 27)

No fracture

(n = 54)

p value

Follow-up time (years) 3.4 ± 1.6

(range 1–6)

3.2 ± 1.6

(range 1–6)

0.393

Distance of distal migration of the femoral stem (mm) 1.0 ± 0.9

(range 0–3.6)

1.2 ± 1.0

(range 0–4.3)

0.581

Percentage of femoral stem subsidence* 3 (11.1%) 8 (14.8%) 0.744

Barthel Index 78.0 ± 26.2

(range 0–100)

83.5 ± 21.3

(range 15–100)

0.099

EQ-VAS 71.7 ± 16.1

(range 30–100)

74.4 ± 17.2

(range 20–100)

0.361

Visual analogue scale at rest 0.2 ± 0.5

(range 0–2)

0.2 ± 0.6

(range 0–3)

0.338

Visual analogue scale during activity 0.5 ± 1.2

(range 0–5)

0.7 ± 1.5

(range 0–7)

0.802

Data presented as mean ± standard deviation or number and percentage

A p value < 0.05 indicates statistical significance

*Subsidence was defined as a femoral component that migrated distally into the femoral canal more than 2 mm

EQ-5D-VAS, EuroQol-5 dimensions-visual analogue scale
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was identified. However, it must be acknowledged that our
results could have been adversely influenced by some
measurement-related bias. Last, the present study had a rel-
atively short follow-up period. However, longer-term fol-
low-up is difficult to study due to the short life expectancy
in this patient population [51]. By way of example, 32.7%
and 15.4% of patients in the intra-operative fracture group
died and were lost to follow-up, respectively, during the
mean three year follow-up period. Nevertheless, the mortal-
ity rate in this study is comparable to the rates reported in
previous studies [52–55]. Pre-existing conditions might be
the cause of the high mortality rate in geriatric hip fracture
patients [56]. If all of the patients included in this study were
still alive and evaluable, the subsidence rate and mean dis-
tance of distal stem migration could be higher or lower than
the rates reported herein.

In conclusion, intra-operative femoral fracture is a common
complication that can occur during implantation of a tapered-
wedge cementless femoral prosthesis in older patients with
femoral neck fracture. Cerclage wiring is required to manage
this complication, to support the stability of the femoral com-
ponent, and to forestall propagation of the fracture. Despite the
lack of three important types of information relating to intra-
operative femoral fracture (i.e., fracture location, extent of the
fracture line, and at what point the fracture occurred), our
results revealed a low mean distance of distal stem migration
and a low subsidence rate in our study group. In addition,
functional outcomes and health-related quality of life were
both similar between those with and without intra-operative
femoral fracture. These findings suggest the cerclage wiring
technique to be safe, and that it should be routinely performed
when intra-operative femoral fracture occurs during tapered-
wedge cementless femoral prosthesis implantation.
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