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Prophylactic Cerclage Cabling Decreases the
Intraoperative Periprosthetic Fracture Rate during
Cement-Less Total Hip Arthroplasty in Patients with
Severe Developmental Hip Dysplasia

Profylaktická kabelová cerkláž snižuje četnost intraoperační periprotetické
zlomeniny při implantaci necementované endoprotézy kyčle u pacientů
s významným stupněm kyčelní dysplazie
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ABSTRACT

PURPOSE OF THE STUDY
Cementless stems in highly dysplastic hips are considered to increase the risk of femoral fracture and associated

morbidity. Several authors speculated to use prophylactic cabling in this patient group to prevent intraoperative fractures.
This study aims to reveal objective results regarding the perioperative complications in a large and consecutive patient
group with respect to use of prophylactic cabling.

MATERIAL AND METHODS
A retrospective comparative study was planned. A total of 122 consecutive patients with dysplastic hips of Crowe type

3 or 4, operated on with total hip arthroplasty (THA) and shortening osteotomy using a rectangular femoral stem were
included. Patients were stratified according to use of a diaphyseal prophylactic cerclage cable. Perioperative complications
were recorded. Clinical outcome was measured in terms of Harris Hip Score and Visual Analog Scale (VAS) for pain. All
results were compared between the groups.

RESULTS
The mean follow-up time was 27 months. Two (2%) versus five (14%) patients had a fracture at the diaphyseal level in

cabled versus non-cabled groups. Difference between groups was statistically significant (p=0.01). Relative risk of fracture
in case of a non-cabling was 5.8 (p=0.03). Eleven (9%) patients had a non-displaced fracture at the metaphyseal level. No
significant differences were detected with respect to preoperative clinical outcome scores or change in these
scores between groups.

CONCLUSIONS
Femoral diaphyseal fracture rates are low when cementless, rectangular stems are used in dysplastic high riding hips.

Prophylactic cerclage cabling further decreases the fracture risk and eases treatment in case of a fracture without causing
additional complications and therefore is recommended.

Key words: intraoperative fracture, periprosthetic fracture, total hip arthroplasty, cerclage cabling, developmental hip
dysplasia, transverse shortening osteotomy.

INTRODUCTION

Developmental hip dysplasia related secondary
coxarthrosis is associated with diverse anatomical variances
of the proximal femur (1). These variations make the bone
more susceptible to unintended fractures during the com-
plex surgery. Relatively younger age of patients with dys-
plastic hips make cementless options more attractive,
whereas a higher complication rate with respect to intra-
operative fractures have been traditionally postulated (2).

Among cementless options, many authors published
their experiences with different kinds of femoral im-
plants. Modular (3), cylindrical (4), conical (5), custom
made (6), and rectangular implants (7, 8) have been re-
ported to provide successful results. Various osteotomy
techniques were introduced, with different osteotomy
shapes and osteotomy handling options (9, 10). Cur-

rently, transverse shortening osteotomy is the most com-
monly used method in this patient group.

Rectangular stems have been reliably used in primary
coxarthrosis with solid and successful long term results
(11). Same implants have also been shown to provide
successful results in dysplastic hips with a transverse
femoral shortening osteotomy (7, 8). Main advantages
are better rotational support and relatively smaller and
non-canal filling design (7). A critical concern is the po-
tentially increased intraoperative fracture risk, whereas
several authors found comparable fracture rates with
other implants and concluded that fracture risk is de-
pendant on the dysplastic femoral morphology, rather
than the rectangular implant (7, 12). A meta-analysis
also supported this suggestion, in which the authors an-
alyzed the effect of femoral implant on the intraoperative
fracture risk (13).
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ing to use of a prophylactic cerclage cable as the cabled
group (CG) or the non-cabled group (nCG).

Preoperative and postoperative Harris Hip Score
(HHS) and Visual Analog Scale (VAS) for pain was ob-
tained from all patients. Used femoral component size
was noted. Perioperative complications such as an in-
traoperative fracture, its type and location, femoral frac-
tures during the follow-up period, early postoperative
dislocation (within 30 days) and amount of bleeding
were recorded. 

Patients in both groups were compared with respect
to the demographical features, Crowe type, preoperative
HHS and VAS score.

Bone union was defined as the presence of progres-
sive callus, cortical continuity at the osteotomy site, and
painless weight bearing. Bone consolidation time was
determined from the serial radiographs of the hip. Stem
subsidence amount was measured in early postoperative,
at sixth month and final follow-up x-ray images using
teardrop and greater trochanter tip as landmarks. 

Any complication related to surgery was noted. All
results were compared between groups.

The data were analyzed using IBM SPSS 23.0 sta-
tistical package software by a certified statistician. De-
scriptive statistics were used to represent the demo-
graphic data. All variables were analyzed for normal
distribution using a Shapiro-Wilkinson test. Nominal
values between groups were compared using the chi-
square test. Independent group variables were analyzed
using a Student’s t-test or Mann-Whitney U-test depend-
ing on the distribution. The P -value was regarded as
statistically significant if <.05.

RESULTS

Mean follow-up time was 27.3±15.8 months (med:
24, min: 12, max: 80). A prophylactic cerclage cabling
at least one cm distal to transverse osteotomy was per-
formed in 86 (70%) of patients.
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Intraoperative periprosthetic fractures are reported to
be associated with worse functional outcomes and can
be troublesome to handle. Therefore, Young et al. rea-
sonably suggested in an editorial, that prevention of these
fractures must be the principle aim of the surgeons (14).

To overcome the risk of fracture during implantation
of the femoral stem, several authors recommended to
place a cerclage cable around the femur below the os-
teotomy level to prevent fractures. Although prophylactic
cabling was presumed to decrease the risk of femoral
fracture during stem implantation (3, 7, 15), no study
selectively investigated the effect of prophylactic cabling
in a clinical study. Biomechanical studies using different
but similar set-ups, found out that hoop stresses can be
decreased and fractures might be prevented, when ca-
bling is performed prophylactically (16, 17). On the
other hand, wiring and cabling related complications
such as soft tissue injuries, implant failure or irritation
constitute a concern when using these implants (18).

This study aimed to document relevant perioperative
complications in a large and relatively homogenous pa-
tient group with respect to prophylactic use of a cerclage
cable around the femoral diaphysis. Secondary aim was
to comparatively evaluate the effectiveness of cabling
in terms of diaphyseal fracture rate and cabling related
complications.

The hypothesis was that cementless, rectangular
femoral stems would have a low rate of intraoperative
periprosthetic fracture and cabling would further reduce
the fracture rate at the diaphyseal level and ease treatment
in case of a fracture without causing additional compli-
cations.

MATERIAL AND METHODS

An institutional ethical board approval was obtained
prior to start of this study. A total of 170 patients were
identified. Inclusion criteria were patients with a Crowe
type 3 or 4 hip dysplasia, operated on with total hip
arthroplasty and transverse shortening osteotomy using
a rectangular, tapered femoral component. Exclusion
criteria were follow-up time of less than 12 months
(n=20), previous femoral or pelvic operations (n=18),
and unreachable patients (n=10). A total of 122 patients
remained and were included in the study. A single type
of femoral component, SL-PLUS Japan (Smith &
Nephew, Memphis, TN) was used in all patients. Mean
patient age was 42.4±10.3. Six patients (5%) were male,
107 patients (%88) had a Crowe type IV and 15 (%12)
had a Crowe type III hip. All patients were operated
using the same previously described technique (7). An
autologous strut graft was used as per the operating sur-
geon. 

Distal prophylactic cabling was not applied routinely
to all patients. One of the surgeons within the same de-
partment operated using cables routinely, the other didn’t
use them unless a fracture occurred (Fig. 1). Metaphyseal
cabling proximal to the osteotomy site was never pro-
phylactically performed, but only in case of a crack or
fracture. Patients were stratified into two groups accord-

Fig. 1. Prophylactic cabling using a single cable below the
osteotomy level around the diaphysis was performed in majority
of the patients (70%).
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No statistically significant differences were detected
between patients from both groups with respect to de-
mographical features, Crowe type, preoperative HHS
and VAS score.

An autologous strut graft was cabled around the os-
teotomy site in 28 (23%) of patients. Non-union was
observed in two (1.6%) patients, both of which were in
the CG. Beside the two patients with a nonunion, clinical
and radiological examinations revealed progressive heal-
ing of the osteotomy site in all patients and patients
were allowed to bear weight at the end of the sixth post-
operative week. Mean radiological bony consolidation
time at the osteotomy site was 7.1±2.6 months for both
groups. Median femoral stem size was -2 for both groups,
whereas it was -3 in patients with a diaphyseal fracture
of the femur.

Stem subsidence amount was less than 5 mm in all
patients. The mean stem subsidence was 1.8±1.1 mm

and 1.7±1 mm at the sixth month and 2.1±1.5 and
2.1±1.2 mm at the latest follow-up in CG vs nCG. There
were no significant differences between the groups.

Clinical outcome related results are represented in
Table 1. There were no significant differences between
the corresponding outcome scores of both groups. Change
in HHS and VAS score was non-significantly greater in
nCG compared to CG. Patients with any intraoperative
periprosthetic fracture had a non-significantly different
clinical outcome scores at the latest follow-up compared
to patients with no fractures (HHS change of 48 vs 48.3
and VAS score change of 7 vs 6.7).

No patients had an early dislocation. Two (2%) versus
four patients (14%) had a fracture at the diaphyseal level
in cabled versus non-cabled femurs. Type of the peripros-
thetic fracture at the diaphyseal level was Vancouver
type B1 in all cases. Difference between groups was
statistically significant (p=0.01). Relative risk of fracture
in case of a non-cabling was 5.8 (p=0.03). Three (8%)
patients in the nCG and eight (9%) patients in the CG
had a metaphyseal crack proximal to the osteotomy
level. Difference between groups was not significant.

Amount of perioperative bleeding consisting of in-
traoperative and postoperative drainage was non-signif-
icantly different between groups. Mean operating time
was non-significantly longer in the CG vs nCG, 111 vs
108 min. An overview of cases with respect to compared
findings are represented in Table 2.

Cases without a prophylactic cable required three
cables each to fixate the fracture (Figs. 2 and 3), whereas
distal fractures in PC group with a single cable weren’t
cabled additionally (Fig. 4).

DISCUSSION

This study showed that prophylactic cerclage cabling
decreases diaphyseal fractures rates. Furthermore, ca-
bling wasn’t associated with an increased amount of
complications.

Fig. 2. a – 50-year-old female patient with an intraoperative
fracture at the level of diaphysis below the transverse osteotomy
level was addressed using three cables during the initial sur-
gery; b – follow-up image of the same patient at 24 months.

Table 1. Clinical outcome results between the prophylactically cabled and non-cabled patient groups

Clinical outcome measure Prophylactic cable applied (n=86) Prophylactic cable not applied (n=36) p-value

Preoperative HHS 43.6�11 40.4�17.2 0.4

Change in HHS 46.6�12.9 50.4�17.5 0.9

Preoperative VAS score for pain 8.4�1.2 8.2�2.5 0.2

Change in VAS score 6.8�1.8 7.4�2.6 0.1

Table 2. Relevant results between the prophylactically cabled and non-cabled patient groups

Prophylactic cable applied (n=86) Prophylactic cable not applied (n=36) p-value

Diaphyseal fracture 2 (2%) 5 (14%) 0.01

Metaphyseal fracture 8 (9%) 3 (8%) 0.7

Amount of intraoperative bleeding (in mL) 448�170 425�193 0.9

Operating time (in min) 111�29 108�25 0.9

Bone consolidation time (in months) 7.1�2.6 7.1�2.6 0.9

Stem subsidence at the latest follow-up (in mm) 2.1�1.5 2.1�1.2 0.8
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on the used femoral component and some studies used
various femoral components within the same study co-
hort. Overall, fracture rate results in the literature indi-
cated a relatively higher rate of fractures in primary
THA in dysplastic hips compared to primary coxarthrosis
(13). However, inhomogenous study cohorts, different
study designs, implants and operation techniques make
it impossible to draw clear conclusions with respect to
the effect of femoral component on the fracture risk.

A clear overview of similar studies involving patients
with Crowe type 3 or 4 hip dysplasia and operated on
using a rectangular cementless femoral component, with
respects to prophylactic use of a cable and intraoperative
fracture rate and location, is represented in Table 3. Stud-
ies with a cementless femoral implant other than the
rectangular component are represented in Table 4.

Summative results from relevant studies in the litera-
ture, i.e. with a similar patient group and surgical treat-
ment, showed that intraoperative fracture rates were sim-
ilar between the groups stratified according to use of
a rectangular or other cementless femoral components.
The fracture rate from the current study (13%) was com-
parable with the overall fracture rates from studies with
rectangular (12%) or other type of implants (11%). In all
groups, as in the current study, prophylactic cabling was
associated with a decreased overall fracture rate compared
to non-cabled cases, 6% vs 21% with rectangular im-
plants, 5% vs 13% with other femoral implants, 12% vs
17% in the current study. Non-union and early dislocation
rates were similar between all groups (Table 5). The rel-
atively higher fracture rate in the subgroup of patients
with PC in the current study comprises mostly of proxi-
mal metaphyseal cracks (80%). None of these cracks
were displaced and none was detectable on postoperative
x-rays but they were all recognized intraoperatively and

One of the most commonly reported complications
in patients with high riding hips is intraoperative frac-
tures. Various reasons were held responsible. First, dys-
plasia related morphological changes in Crowe type 3
and 4 hips are more prominent compared to milder forms
(1, 19) and a shortening osteotomy causes the stem to
be placed in a relatively narrower diaphysis of femur
(7). Second, use of a cementless femoral component due
to younger age of patients. To decrease the fracture risk,
some authors used modular or custom-made components,
whereas others speculatively used cerclage cabling at
the distal femoral region. Although a review article on
primary THA revealed that fit-without-fill femoral com-
ponents such as the rectangular component were asso-
ciated with a decreased rate of intraoperative fracture
compared to fit-and-fill ones (13), no study compara-
tively investigated the effect of different femoral com-
ponents on fracture rates in high riding dysplastic hips.

The femoral component used in this study had been
in use since decades in primary hip arthroplasty with
successful long-term results (11). Numerous articles also
showed successful mid- and long-term results of these
implants in dysplastic hips with a shortening osteotomy
(12, 20). Cementless implants in general have been re-
ported to cause an intraoperative fracture rate of up to
43% of patients in dysplastic hips operated on using
THA and a shortening osteotomy (21). Among these,
studies reporting on rectangular implants stated a fracture
rate of 0 to 28% (7, 12). Of many cementless femoral
implants, several different types have been shown to
provide successful outcome following THA in this pa-
tient group. Regarding the intraoperative fracture rate,
a modular stem was reported to cause a fracture rate of
6 to 46% (3, 15), a cylindrical stem 10 to 21% (22), an
anatomic or straight custom-made stem 17% (6), a Wag-
ner cone stem 1 to 13% (5). Some studies did not report

Fig. 3. a – a 65-year-old female with an long intraoperative
diaphyseal fracture was fixed using three cerclage cables; b –
follow-up image of the same patient at 24 months.

Fig. 4. a – a 23-year-old patient with a prophylactically cabled
diaphysis had a nondisplaced fracture, which occurred during
placement of the femoral component. A graft was also cabled
around the osteotomy line during the operation; b – a 42-
year-old patient with a prophylactically placed cable had an
intraoperative fracture extending distal to the femoral com-
ponent.
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cabled after they have been detected. It might be specu-
lated, that some studies might have failed to recognize
these fissures, as previously postulated (16, 17). 

Fracture rates below the osteotomy level were of in-
terest because of its morbidity caused by displacement
of fragments at this level due to a very narrow in-
tramedullary canal. Overall distal femoral fracture rates
from all the analyzed studies showed similar rates of
2% with rectangular, 3% with other implants and 5%
within the current study. Cases without a PC had a sig-

nificantly higher rate of distal femoral fracture, in par-
ticular with the use of a rectangular stem. The overall
decrease in rates of distal fractures when a cable is used,
was less prominent in other implants with 2% vs 1%
than in the rectangular implants with 20% vs 2%
(Table 6). This finding might reflect the importance of
prophylactic cabling when rectangular components are
used in dysplastic hips. However, more studies on the
rectangular component are necessary to more clearly
deduce conclusion by decreasing the effect of confound-

Table 3. Overview of different studies in a similar patient group using a cementless, rectangular femoral component

Author, year
Number of 
hips

Number of 
fractures

Fracture 
rate

Fracture location in relation to the 
osteotomy (% to fracture cases)

Non-union
Early 
dislocation

Prophylactic 
cabling

Gotze, 2007 7 0 0 n/a none none no

Chen, 2011 17 1 6% n/a none 1 no

Neumann, 2012 13 0 0 n/a none none yes

Mu, 2016 71 20 28% distal: 4 (20%) proximal: 15 (75%) 2 none no

Can, 2018 69 2 3% proximal: 2 (100%) none 1 yes

Erdem, 2019 26 0 0 n/a none none yes

Kayaalp, 2020 50 7 14% proximal: 7 (100%) 1 none yes

Table 4. Overview of different studies in a similar patient group using a cementless component other than a rectangular femoral 
component

Author, year Femoral stem
Number 
of hips

Number of fractures 
(fracture rate)

Fracture location Non-union
Early dis-
location

Prophylactic 
cabling

Decking, 2003
standard anatomical or 

custom made
12 2 (17% trochanteric: 2 (100%) none none yes

Erdemli, 2005 several different types 22 3 (14%) distal: 3 (100%) none 1 no

Onodera, 2006 modular 13 6 (46%)
distal: 2 (33%)

proximal: 4 (66%)
1 1 no

Eskelinen, 2006 CDH and other types 68 4 (6%) proximal: 4 (100%) none 2 no

Park, 2007 modular 24 3 (13%) proximal*: 3 (100%) 3 1 no

Nagoya, 2009 cylindrical 20 2 (10%) proximal: 2 (100%) none none yes 

Krych, 2010 several different types 24 5 (21%) distal: 5 (100%) 2 none no

Takao, 2011 modular 33 8 (24%)
distal: 4 (50%)

proximal: 4 (50%)
none 2 no

Kılıço lu, 2013 cylindrical 20 3 (15%) trochanteric: 3 (100%) 1 1 no

Hua, 2015 conical 24 3 (13%) n/a none none no

Ozan, 2016 n/a 32 5 (16%) distal: 5 (100%) none none no

Ollivier, 2016 several different types 28 5 (18%) n/a none 1 no

Wang, 2017 modular 72 4 (6%)
distal: 1 (25%)

proximal: 3 (75%)
none 3 yes

Rollo, 2017 modular or rectangular 17 1 (6%) medial femoral wall none none no

Wang, 2017 modular 56 4 (7%)
distal*: 2 (50%)

proximal: 2 (50%)
none 3 yes

Grappiolo, 2018 conical 102 1 (1%) trochanteric: 1 (100%) 4 4 no

* fracture location in relation to the osteotomy level
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ing factors on these results. The results from this study
revealed that cabling successfully decreased the fracture
rate at the diaphyseal region and it prevented displace-
ment, when a fracture occurred.

Prophylactic cabling or wiring have been reported
to be preventive of intraoperative fractures in high riding
dysplastic hips operated on with THA and a shortening
osteotomy (7, 15). Supportive biomechanical results to
these suggestions are also available in the literature.
Chrome-cobalt cable was shown to theoretically reduce
the risk of femoral fracture by reducing strain and in-
creasing hoop stress resistance (23). A double wrapped
CoCr cable is able to stop all cracks from progressing
distally in a revision THA setting using a conical femoral
component (17). Frisch et al. investigated the effect of
different cerclage constructs in fixation of intraoperative
periprosthetic fractures during cementless THA in both
axial load and torsional load testing. CoCr cable and
hose clamb provided the highest construct stiffness and
least reduction in stiffness (24). In an other study, the
authors concluded that prophylactic wiring should be
addressed on a case-to-case basis, because of possible
complications. Decision should depend on poor bone
quality findings on preoperative images or surgeon based
subjective evaluation during the surgery (16). The current
study is the first in the literature to selectively investigate

the effect of cerclage cabling on intraoperative fractures
in a consecutive patient group, which is the largest re-
ported series on high riding hips operated on using the
same femoral component and surgical technique. Ho-
mogenous features of the study group further support
the results obtained in this study.

Cable or wire constructs were both used in the liter-
ature with inconclusive results in favor of the neither
option (25). Cerclage cabling or wiring related compli-
cations were mostly seen in cases of displaced diaphyseal
fractures or trochanteric fractures (26). Besides, both
cabling and wiring were found related to osteolysis
around the material (27). However, many studies pub-
lished excellent results with cerclage treatment of
periprosthetic fractures (28). Prophylactic diaphyseal
cabling as performed in the current study revealed no
complications related to the cabling process. This might
be related to the facts that in most of the cases (1) cable
was prophylactically placed prior to a potential fracture,
and (2) cabling was performed under direct visualization
of the diaphyseal segment with no additional soft tissue
dissection necessary, because the proximal femur was
displaced markedly superiorly as a result of the severe
hip dysplasia.

The clinical outcome of patients with a periprosthetic
fracture in the current study were non-significantly dif-

Table 5. Overview of relevant results from similar articles on high riding hips operated using total hip arthroplasty with a ce-
mentless femoral component grouped as per the use of either rectangular or other type of femoral component and the current 
study. All groups are subgrouped as per the use of a prophylactic cabling

Study groups Femoral stem Number of hips Fracture rate Non-union Early dislocation

Rectangular implants

total 253 12% 1% 1%

cases with prophylactic cabling (PC) 158 6% 1% 1%

cases without PC 98 21% 2% 1%

Other femoral implants

total 809 11% 1% 2%

cases with PC 225 5% 1% 3%

cases without PC 584 13% 2% 2%

Current study

total 122 13% 2% none

cases with PC 86 12% 2% none

cases without PC 36 17% none none

Table 6. Overview of fracture rates distal to the osteotomy level from similar studies with fracture location information

Study groups Subgroups Number of hips Fracture rate at the distal region

Rectangular implants

Total 190 2%

cases with prophylactic cabling (PC) 119 none

cases without PC 71 20%

Other femoral implants

total 757 3%

cases with prophylactic cabling (pc) 225 1%

cases without PC 532 2%

Current study 

total 122 5%

cases with prophylactic cabling (PC) 86 2%

cases without PC 36 11%
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ferent from those without a fracture. This might have
several causes. First, many of the patients (70%) were
cabled prophylactically, which prevented fracture or
fracture related displacements. Second, there were only
Vancouver type B1 fractures at the level of diaphysis in
the current study. Studies with longer follow-up periods
with intraoperative fractures stated successful results in
these patients. Perka et al. stated that survival rate wasn’t
influenced by intraoperative fractures in a cohort con-
sisting of patients with dysplastic hips, although the au-
thors reported mainly on milder hip dysplasia (29).
Berend et al. also concluded that intraoperative nondis-
placed or minimally displaced fractures does not affect
the long-term survival of the femoral implant (30). 

The study is not without limitations. First, patients
were not randomized into the respected treatment groups.
They were retrospectively grouped. Second, no economic
impact was evaluated. However, relatively younger age
of this patient group and high morbidity associated with
periprosthetic fractures increases the importance of pre-
ventive measures. The obtained results showed that this
prevention method was effective. Lastly, cerclage cable
related complications may arise in later years, although
no complications were detected in the current study,
a longer follow time is necessary to draw conclusions.

CONCLUSIONS

Femoral diaphyseal fracture rates are low when ce-
mentless, rectangular stems are used in severely dys-
plastic high riding hips. Prophylactic cerclage cabling
further decreases the fracture risk and eases treatment
in case of a fracture without causing additional compli-
cations and therefore is recommended.
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