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Background: Periprosthetic femoral fractures (PFFs) are serious complications in hip arthroplasty for
femoral neck fractures. The rates of intraoperative (iPFFs) and postoperative PFFs (pPFFs) are higher in
cementless stem cases than in cemented cases. This study aimed to investigate the effects of cerclage
cabling on PFF prevention in cementless arthroplasty for femoral neck fractures.
Methods: This retrospective study included 329 consecutive patients who underwent hip arthroplasty
using a cementless stem for femoral neck fractures. A total of 159 and 170 patients were in the non-
cabling and cabling groups, respectively. Patient characteristics were comparable in both groups. The PFF
occurrence (iPFF and pPFF) rates, reoperation rates, operative time, and blood loss volume were
compared between the groups.
Results: The iPFF rate was significantly higher in the noncabling group (6.3%) than in the cabling group
(0%, P < .001). The rate of pPFF was significantly higher in the non-cabling group (5.1%) than in the
cabling group (0.6%; P ¼ .016). All patients in the non-cabling group required reoperation (5.1%), whereas
the patient in the cabling group was an ambulatory case and required no reoperation (0%, P ¼ .003). No
significant difference in either operative time or blood loss volume was observed between the non-ca-
bling (50 minutes, 133 mL) and cabling (52 minutes, P ¼ .244; 149 mL, P ¼ .212, respectively) groups.
Conclusions: When a cementless stem is used to treat unstable femoral neck fractures, cerclage cabling
effectively prevents iPPF and pPPF without increasing surgical time or blood loss volume.
© 2024 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC license

(http://creativecommons.org/licenses/by-nc/4.0/).
Unstable femoral neck fractures in elderly patients constitute
a severe traumatic event associated with a decline in the quality
nt from JSPS KAKENHI Grant

losed potential or pertinent
ent, either direct or indirect,
the biomedical field which

rest with this work. For full
j.arth.2024.04.085.
D, PhD, Department of Or-
uate School of Medicine, 2-2

er Inc. This is an open access articl
of life and an increased risk of mortality [1e3], and are
increasingly common [4,5]. Approximately 4.5 million people
worldwide, including 2 million people in Asia, will suffer from
femoral neck fractures by 2050 [4]. In general, arthroplasty is
indicated for unstable femoral neck fractures for early restora-
tion of ambulation [6], and 2 principal approaches for femoral
stem fixation are considered: cemented and cementless
methods.

Cemented stem fixation has some limitations. The bone cement
implantation syndrome [7,8] is a serious and fatal complication
associated with cemented stem fixation. It is characterized by a
high mortality rate within 24 hours postoperatively and an
increased postoperative infection risk, which is exacerbated by a
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prolonged operative time, compared to those associated with the
cementless method [9].

However, intraoperative periprosthetic femoral fractures (iPFFs)
and postoperative periprosthetic femoral fractures (pPFFs) are ma-
jor complications of hip arthroplasty, particularly in the context of
cementless fixation, because of bone fragility in elderly patients [1].
Moreover, hiparthroplastyperformedbysurgeonswhohave limited
experience, known as low-volume surgeons, is associated with a
high risk of periprosthetic femoral fractures (PFFs) [10]. Several risk
factors for PFF have been identified, including age, sex, body mass
index (BMI), and femur bone quality [9,11e13]. Reoperation for PFF
in elderly patients is associated with a high risk of intraoperative
bleeding, long operative time, and high dislocation risk and revision
rates. The treatment is technically demanding, and the risk of
postoperative mortality remains high [11,14e16]. To reduce the risk
of PFF, some studies have recommended the use of cemented stem
fixation for arthroplasty in the treatment of hip fractures in older
patients [14,15]. Cementless hip arthroplasty is the predominant
treatment choice inmanyareasworldwide [17,18], and someauthors
have reported on the use of cementless stems even for unstable
femoral neck fractures [16,19,20]. Moreover, the proportions of pa-
tients who have unstable femoral neck fractures who underwent
cementless stem fixation have been estimated at 74% [16] and 70%
[19] in previous studies. This evidence suggests the need to mini-
mize the risk of PFF during cementless stem fixation.

Consequently, we introduced prophylactic cerclage cabling of
the proximal femur with cementless stem fixation to treat unstable
femoral neck fractures. This study aimed to evaluate the efficacy of
femoral cabling in cementless bipolar hip arthroplasty for unstable
femoral neck fractures in reducing the PFF rate.
Fig. 1. Flowchart
Methods

Patients

This was a retrospective study, and all procedures involving
human participants were performed in accordance with the ethical
standards of our institutional research committee (reference
number: 16,409) and the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards.

Patients who had undergone bipolar hip arthroplasty for un-
stable femoral neck fractures at a single institution were
included. We diagnosed an unstable femoral neck fracture, stages
III and IV of the Garden classification, based on the findings from
anterior and lateral hip radiographs [21]. All the patients un-
derwent bipolar hip arthroplasty with cementless stems to help
reduce operative time and bone cement implantation syndrome
risk [7e9,22]. Patients who had stable neck fractures were
excluded from this study because osteosynthesis was the treat-
ment of choice. A total of 160 consecutive patients who did not
undergo femoral cerclage cabling (February 2016 to June 2020)
were evaluated. Between February 2016 and June 2020, we
observed cases of iPFF and pPFF. A total of 177 patients under-
went femoral cerclage cabling as a preventive strategy between
July 2020 and January 2023. The patients were then categorized
into cabling groups. In the non-cabling group, 1 patient who
underwent revision surgery owing to an infection 1 month
postoperatively was excluded. In the cabling group, 7 patients
who had different stem designs were excluded. This study
included 159 and 170 patients in the non-cabling and cabling
groups, respectively (Figure 1). A post hoc power analysis was
of the study.



Table 1
Comparison of Patient Characteristics Between the 2 Groups.

Group Noncabling (n ¼ 159) Cabling (n ¼ 170) P Value

Sex (men and women) 119 and 40 129 and 41 .898
Age (y) 83 ± 7.6 83 ± 7.1 .772
Body mass

index (kg/m2)
20.3 ± 3.8 20.8 ± 3.6 .484

Dorr classification
(n [%])

.231

Type A 2 (1.3) 3 (1.8)
Type B 123 (77.3) 142 (83.5)
Type C 34 (21.4) 25 (14.7)

Fig. 2. Cerclage cabling was performed on the femoral neck with a cable passer at the
end of the rasping.
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performed, which revealed that with an alpha error of 0.05 and
an effect size of 0.3, the study had a power of 0.99 using G*Power
version 3.1.9.6 (Heinrich-Heine-Universit€at Düsseldorf, Düssel-
dorf, Germany) [23]. Patient characteristics related to PFF,
including sex, age, BMI, and femoral bone quality [9,11e13], were
investigated. Femoral bone quality was evaluated according to
the Dorr classification (types A, B, and C) [13], using immediate
postoperative radiographic images. The patient characteristics
were comparable between the groups (Table 1).

All surgeons were orthopaedic general surgeons who had 5 to 9
years of postresidency experience. They performed procedures
utilizing a single-design femoral implant (Trabecular Metal stem;
ZimmerBiomet, Warsaw, IN) through the modified WatsoneJones
approach. A cerclage cable (Cable-Ready; ZimmerBiomet, Warsaw,
IN) was placed in a standard manner superior to the lesser
trochanter before rasping (Figure 2). This technique was stan-
dardized among surgeons. Perioperative rehabilitation followed
the standard protocol, and all patients were allowed full weight-
bearing on the first postoperative day. Patients who had intra-
operative fractures were given 4 weeks to recover before weight-
bearing.
Table 2
Comparison of Surgical Outcomes Between the 2 Groups.

Group Noncabling
(n ¼ 159)

Cabling
(n ¼ 170)

P Value
Assessment Items

We evaluated the radiographs of patients at 1, 3, and 6 months;
1 year postoperatively; and annually thereafter. The mean obser-
vation period was 12 months (range, 1 to 66) in the noncabling
group and 6 months (range, 1 to 24) in the cabling group. The first
half of the continuous period was the non-cabling group and the
second half was the cabling group, and therewas a difference in the
observation period. The occurrence of iPFF, pPFF, reoperation, su-
perficial infection, operative time, blood loss volume, dislocation,
and postoperative subsidence rates were compared between the 2
groups. The iPFF were identified as follows: after the removal of soft
tissue obstructions that impeded visibility and the broaching pro-
cess, the femoral cortical bone was meticulously examined before
and after stem insertion. If iPPF was identified, the femoral cerclage
cable was used. The proportion of pPFF was calculated using pa-
tients excluded who had an iPPF as the denominator. The cumu-
lative survival rate was assessed using the reoperation of the most
important outcome as the endpoint. Subsidence was investigated
as a surgical factor related to pPFF [24] and was defined as a
postoperative change of � 2 mm on radiographs at the last follow-
up [11].
Intraoperative fracture (%) 6.9 0 <.001
Postoperative fracture (%) 5.4 0.6 .016
Reoperation rate (%) 5.0 0 .003
Operative time (min) 50.0 ± 12.6 52.5 ± 17.4 .244
Bleeding volume (mL) 133.1 ± 63.4 149.9 ± 93.2 .212
Postoperative superficial

infection rate (%)
0 0 Not

applicable
Postoperative dislocation rate (%) 0 0 1.000
Subsidence �2 mm (%) 8.2 4.1 .166
Data Analyses

The normality of the variable distribution was confirmed using
the ShapiroeWilk test. Age, BMI, operative time, blood loss, iPFF
occurrence rate, pPFF occurrence rate, reoperation rate, infection
rate, dislocation rate, and postoperative subsidence rate were
compared using paired Student's t-tests and Chi-square tests. We
compared the Dorr classifications using m � n contingency table
tests. The cumulative survival rates for the 2 groups weremeasured
using the KaplaneMeier method. Statistical analyses were per-
formed using the JMP software version 15.0 (SAS Institute, Cary,
NC), with significance set at P < .05.
Results

An iPFF was observed in 11 (6.9%) and zero (0%) patients in the
noncabling and cabling groups, respectively (P < .001; Table 2). All
iPFFs were observed during stem insertion. A pPFF occurred in 8
(5.4%) patients in the noncabling group and in only 1 case (0.6%) in
the cabling group. The incidence of pPFF was significantly lower in
the cabling group than in the noncabling group (P ¼ .016; Table 2).
All cases of pPFF occurred within 1 month postoperatively. Reop-
erations for pPFF were performed in 8 (5.0%) patients in the non-
cabling group. In contrast, reoperation was not required in the ca-
bling group. Among the patients in the noncabling group who
underwent reoperation, osteosynthesis was performed in 5 pa-
tients, a combination of osteosynthesis and stem revision in 2 pa-
tients, and stem revision in only 1 patient. The incidence of
reoperationwas significantly lower in the cabling group than in the
noncabling group (P ¼ .003; Table 2). The cumulative survival rates
with reoperation as the endpoint differed significantly between the
2 groups (P ¼ .003; Figure 3).



Fig. 3. Graph demonstrates patients who underwent reoperation as an endpoint in the
2 groups. The reoperation rate was 5.1% in the noncabling group and 0% in the cabling
group (P ¼ .003).
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In the non-cabling and cabling groups, the mean operative
times were 52.5 ± 17.4 and 50.0 ± 12.6 minutes, and mean blood
loss volumes were 149.9 ± 93.2 and 133.1 ± 63.4 mL, respec-
tively; these values were similar in both groups (Table 2). Post-
operative superficial infection and dislocation rates were 0% in
both groups (Table 2). The percentage of patients who had sub-
sidence was not significantly different between the 2 groups
(Table 2).
Discussion

In this study, cerclage cabling reduced the occurrence of PFF in
patients undergoing cementless bipolar hip arthroplasty for un-
stable fractures of the femoral neck. To the best of our knowledge,
this is the first study to investigate the efficacy of cerclage cabling in
preventing PFF in this context. Previously, the incidence of PFF with
cemented stems was reported to be 0.4 to 3.4% [25e28]; cabling
may improve technique safety.

Previous studies have reported that cerclage cabling effectively
prevents 2 types of fractures: iPFF and pPFF [29e31], and most
iPFFs occur during stem insertion [12]. In the noncabling group in
the present study, iPFF occurred during the stem insertion pro-
cedure in all patients. In contrast, iPFFwas not observed in the cable
group. The implementation of cerclage cabling for stem insertion
may help reduce the incidence of iPFFs.

Undetectable iPFF may progress to pPFF after minor trauma.
Although pPFF is caused by a combination of stem axial stress and
rotational torque from falls [32,33], adding cerclage cabling to the
femur improves resistance to hoop stress from stem subsidence
and rotational torque [34,35]. Cerclage cabling may provide me-
chanical stability and reduce the rate of pPFF formation. A patient in
the cabling group who had a pPFF could walk without reoperation,
suggesting that cerclage cabling may minimize fracture line elon-
gation owing to a PFF.

In this study, the cabling group exhibited a slight increase in the
mean operative time (2 minutes) and mean blood loss volume (16
mL); however, these values were comparable to those of the
noncabling group, suggesting that cabling may not affect the extent
of procedure invasiveness. Moreover, no significant differences in
superficial infection rates were observed between the 2 groups.
Preoperative cable preparation helped minimize the risk of oper-
ative delays, suggesting that the overall use of cerclage cabling in
cementless bipolar hip arthroplasty for femoral neck fractures has
minimum effects on surgical intervention. In fact, the procedure is
simple and minimally invasive. Although the cost of this technique
may increase in the short term, given the cost of the cables, it may
be reduced in the long term when accounting for the costs of
treating complications or performing reoperations. Our future
studies aim to provide comparative estimates of these costs.

No significant differences in patient or surgical factors related to
PFF [9,11,12] were observed between the 2 groups. The incidence of
PFF in patients who did not have cerclage cabling was higher than
that reported previously [36]. This discrepancy may be attributable
to the involvement of early-career surgeons. Conversely, our find-
ings strongly suggest that cerclage cabling is an effective method
for preventing PFF and reoperation owing to PFF, even when per-
formed by surgeons during the early stages of their careers.

This study had several potential limitations. The surgeries were
performed by early-career surgeons. Therefore, the results may
differ if expert surgeons perform the surgeries, and the effective-
ness of cerclage cabling may be limited to expert surgeons who are
skilled in performing these procedures. In addition, historical
control data were analyzed. However, we believe that this should
not affect the conclusions, as the 2 groups did not demonstrate
differences in characteristics. Also, our investigation focused on a
single stem type. Although circular cabling may be effective in
preventing PFF with fit and fill stems, the effects of using other
types of stems require further investigation. Furthermore, the
observation period was relatively short. Nevertheless, most pPFFs
occur within 1 month postoperatively [32], which is consistent
with the duration of our study. Most fractures occurring within the
first postoperative month may be associated with intraoperative
occult fractures or stem subsidence; therefore, this study makes a
major contribution to the literature. These limitations notwith-
standing, this study suggests that cerclage cabling reduces the risk
of pPFF and pPFF or the consequent need for additional surgical
intervention.

Conclusions

When a cementless stem is used to treat unstable femoral neck
fractures, cerclage cabling effectively prevents iPPF and pPPF
without increasing surgical time or blood loss volume. This method
may help prevent PPF, which is a serious complication.
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