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ABSTRACT

Introduction: Resection of the proximal femur raises several
challenges including restoration of the abductor mechanism. Few
evaluated the outcomes of different techniques of abductor fixation to
the proximal femur endoprosthesis.

Methods: A retrospective review of patients who underwent
proximal femoral arthroplasty with a minimum follow-up of

12 months was conducted. Patients were divided into two groups:
(1) those with preserved greater trochanter (GT) reattached to the
implant and (2) those with direct abductor muscle reattachment.
Both groups were compared for surgical and functional outcomes.
Group 1 patients were subdivided into those who received GT
reinsertion using grip and cables and those reattached using
sutures.

Results: Fifty-three patients were included with a mean follow-up of
49 months. There were 22 patients with reinserted GT and 31 patients
with soft-tissue repair. The endoprosthesis revision rate was
comparable between groups (P = 0.27); however, the incidence of
dislocations was higher in group 2 (0/22 versus 6/31; P = 0.035).
Trendelenburg gait (77% versus 74%), use of walking aids (68%
versus 81%), and abductor muscle strength were comparable
between both groups (P > 0.05). In group 1, 15 patients had GT
reinsertion with grip and cables. Of those, five patients (33%) had
cable rupture within 13 months of follow-up. GT displacement
reached 12 mm at 12 months of follow-up in patients with grip and
cables compared with 26 mm in patients with GT suture reinsertion
(P < 0.05).

Discussion: Although GT preservation did not improve functional
outcomes, it was associated with a lower dislocation rate despite
frequent cable failure. Less displacement was observed when GT
reattachment used grip and cables.
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he proximal femur is a common location for pri-

mary bone sarcomas and metastases.!> Increased

life expectancy, improved quality of life of patients
with cancer, and the reliability of endoprosthetic recon-
struction have led to a surge in proximal femoral ar-
throplasties.>*¢ Despite availability of modern modular
implants, reconstruction after proximal femur resection
for tumor raises several challenges.>” These include
increased risk of infection, instability and recurrent
dislocation, periprosthetic fracture, limb-length dis-
crepancy, acetabular wear, and aseptic loosening.37-
Prognosis of patients with cancer is improving with
advances in systemic therapies and thus enhances ex-
pectations toward functional restoration and quality of
life.10 Preservation of the abductor muscle function is
expected to maximize hip function that otherwise leads
to a Trendelenburg gait and hip instability.!'-'3 None is
known about the optimal method of abduction mech-
anism reattachment after tumor resection. This is not
only because of the complexity and heterogeneity of the
cases depending on the extent of the tumor that dictates
the resection but also because of the divergent surgeons’
preferences based on their convictions and training and
on the difficulties to reproduce an anatomical and
functional reattachment of tissues to the implant. In some
instances, preservation of the greater trochanter (GT)
through flip or digastric osteotomies, followed by its
reattachment to the porous-coated surface of the pros-
thesis, might represent an optimal scenario. In other in-
stances, direct reattachment of the abductor tendons to
the prosthesis or an attempt at tenodesis to the fascia lata
is selected. Sparse data in the literature showed that
osseous reattachment yielded similar outcomes when
compared with direct reattachment for Trendelenburg
gait and need for assistive devices.'* This study aims to
evaluate surgical, radiological, and functional outcomes
in patients with osseous reattachment of the GT in
proximal femur endoprosthesis after tumor resection and
to compare them with similar outcomes in patients with
direct\indirect soft-tissue-only reattachment.

Methods

This retrospective study contains data that were prospec-
tively collected in a musculoskeletal oncology tertiary
center. It was approved by our institution review board. All
patients who received a proximal femur arthroplasty after
tumor resection between 2005 and 2021 with a minimum
follow-up of 12 months were included. Patients who had a
proximal femoral arthroplasty for failed primary arthro-
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plasties without the diagnosis of tumor and those who had
associated complex pelvis reconstruction were excluded.
Medical records of the included patients were searched for
patients’ demographics, diagnoses, details of surgical
treatment, complications, revision surgeries, preoperative
and follow-up Musculoskeletal Tumor Society (MSTS)
and Toronto Extremity Salvage Score (TESS) scores, and
functional outcomes. GT displacement and cable failure
were measured and documented from radiographic
images.

Surgical Technique

All patients had bipolar hemiarthroplasties using proxi-
mal femur endoprosthesis. All patients had a GMRS
prosthesis (Stryker), except for two who had a MUTARS
implant (MUTARS; Implantcast GmbH). The articular
capsule was preserved and repaired over the femoral head
in all patients using the same technique. Abductor mech-
anism reconstruction was either through GT preservation
past a flip/digastric osteotomy with its reattachment to the
porous surface of the implant or through soft-tissue repair
only. The choice between both techniques was mainly
dictated by the extent of the tumor, targeted margins,
length of the remaining abductor tendons and existing gap
to the implant reattachment site, and surgeon’s prefer-
ences. When bony reattachment was sought, it was done
either through grip and cables or through heavy non-
resorbable suture materials (No. 5 Ethibond suture,
Ethicon). When only soft-tissue repair was done, it was
directly done using heavy nonresorbable sutures (mate-
rials [No. 5 Ethibond suture]) passed through the
abductor tendons that were brought directly to the sur-
face of the prosthesis. When it was not possible to reach
the implant, an indirect soft-tissue repair was made by a
tenodesis to tensor fascia lata.!”

Postoperatively, all patients were allowed to bear
weight as tolerated, irrespective of the repair technique.
No patients were put into abduction braces nor into spica
casts. A walking assistive device was prescribed for
6 weeks to protect the abductor repair. Similarly, active
abduction and abduction exercises were restricted for
the initial 6 weeks, after which abductor reinforcement
was encouraged. All patients had routine physical
examination and plain radiographs of the pelvis and
femur every 3 months for the first 2 years after surgery,
then every 6 months for the next 3 years, and yearly
thereafter.

Group Comparison
Included patients were divided into two groups. Patients
in group 1 had their GT preserved and reattached to the
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prosthesis, whereas patients in group 2 had direct or
indirect abductor muscle reattachment using heavy su-
tures. Both groups were compared for surgical out-
comes defined as surgical revision rate and dislocation
rate. Functional outcomes between both groups at the
last follow-up were compared for the presence of
Trendelenburg gait (yes/no), use of walking aids
(ves/no), abductor muscle strength (graded zero to 3,
tested with patients lying on their side), MSTS, and
TESS scores.

Subgroup Analysis

Patients in group 1 were further divided into two sub-
groups. Patients who had their GT repaired with grip and
cables (1A) were compared with those who had their
preserved GT repaired with heavy suture (1B). Radio-
graphs of all patients were reviewed. GT displacement
compared with initial postoperative radiographs was
measured at 3, 6,and 12 months postoperatively for both
subgroup patients. The distance from the tip of the pre-
served GT to the bi-ischiatic line on calibrated A/P pelvis
radiographs was used to evaluate the displacement of the
GT. Mean GT displacement was then compared between
both subgroups. In addition, time to metallic cable rup-
ture in patients with grip-and-cable repair was also
recorded.

Statistical Analysis

Descriptive analysis included demographics, tumor
characteristics, surgical characteristics, complications,
and functional and radiological outcomes. Differences in
quantitative variables were tested using an unpaired
Student z-test. The Mann-Whitney test was used when
one of the compared groups had less than 20 in-
dividuals. Differences in qualitative variables were
tested using the Fisher exact test. Confidence interval for
percentages was determined using the Wilson score
method. Time to cable rupture was recorded and ana-
lyzed using a survival analysis. All analyses were con-
ducted using the R software version 4.0.2 (R Foundation
for Statistical Computing).

Results

Descriptive Analysis

Fifty-three patients were included in this study with a
mean follow-up of 49 months (12 to 180). There were 22
male (42%) and 31 female (58 %) patients, with a mean
age of 50.88 years (14 to 75). Thirty patients (57%) had
primary bone or soft-tissue sarcoma, whereas 23 patients
(43%) had proximal femur metastasis. Thirty-three pa-
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tients (62.2%) remained alive at the end of follow-up,
with an estimated median survival of 156 months.
Thirty-nine procedures (73.5%) were primary, whereas
the remaining 14 surgeries (26.4%) were secondary to
previously failed hemiarthroplasty (five patients) or
femoral nailing (nine patients).

Group Comparison

Twenty-two patients (42 %) had GT preserved (group 1),
and 31 patients (58%) had soft-tissue repair (group 2).
No differences were observed between the GT-salvaged
group and the soft-tissue—only repair group regarding
age, sex, body mass index (BMI), diagnosis, baseline
MSTS and TESS scores, and type of surgery or follow-
up (Table 1). Infection was recorded in 2 of 22 patients
of group 1, whereas there were 3 of 31 patients in group
2. Two patients of group 2 demonstrated disease pro-
gression. No revision was needed for cable or grip is-
sues. Therefore, the revision rate was comparable
between both groups (P = 0.27) (Table 2). The incidence
of hip dislocations was higher in patients with soft-
tissue—only repair: 0 of 22 in group 1 versus 6 of 31 in
group 2 (P = 0.035) (Table 2). Two of these six patients
sustained recurrent dislocations. Seventeen patients in
those with preserved GT (77%) and 23 patients with
soft-tissue repair only (74%) exhibited a Trendelenburg
gait at their last follow-up (P = 1). In group 1, 15 of 22
patients (68%) were using walking assistive devices,
compared with 25 of 31 patients in group 2 (81%) (P =
0.34) (Table 2). Abductor was graded as two in six
patients and three in 16 patients of those with preserved
GT (group 1) compared with one in five patients, 2 in 12
patients, and 3 in 14 patients of those in group 2 (P =
0.06). At their last follow-up, the MSTS score for pa-
tients in group 1 averaged 56.34 compared with 66.62
for patients in group 2 (P = 0.25). The TESS score for
patients with GT preservation at their last follow-up
reached a mean of 78.64, whereas that of patients with
soft-tissue repair reached 67.32 (P = 0.38).

Subgroup Analysis

Ingroup 1, 15 of the 22 patients (68 %) had GT reinsertion
with grip and cables (group 1A) (Figure 1) while 7 of the
22 patients (32%) had their GT fixed with heavy sutures
(group 1B) (Figure 2) to the endoprosthesis. At a mean
follow-up of 27.4 months (12 to 156), 5 of 15 patients
(33%) showed cable rupture (Figure 1). The median
survival of cables reached 13 months. GT displacement
measured on calibrated A/P pelvis radiographs com-
pared with initial postoperative radiographs reached a
mean of 2, 3, and 12 mm, respectively, at 3, 6, and
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Table 1. comparison Between Patients of Group 1
and Group 2 for Demographic and Baseline Criteria
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Table 2. Results of the Comparison Between Patients
in Groups 1 and 2 for Surgical and Functional Outcomes

12 months of follow-up in group 1A patients compared
with 12, 24, and 26 mm, respectively, at the same
follow-up intervals in group 1B patients (P < 0.05).

Discussion

The population of patients diagnosed with proximal
femur tumors is diverse and their oncologic survival,
variable. Many survivors can expect and aim to have very
active lifestyles.'®1” Therefore, our goals were to
maximize functional outcomes and minimize the inci-
dence of complications.'®17 Restoring function with
proximal femoral endoprosthesis remains challenging
because no abductor repair technique was ever proven
optimal from the literature. Available data are of a low
level of evidence.'%'* Similar to our findings, others
have not found improvement in Trendelenburg gait or in
the use of walking aids. Similarly, functional tools, such
as MSTS or TESS, are not different in patients with GT
preservation compared with those with direct soft-tissue
repair, and failure was often recorded.'%1#

Group Comparison

This study is among the largest that analyzed abductor
apparatus repair after proximal femur reconstruction
with endoprosthesis for tumor. Preservation of the GT,
whether repaired with cables or heavy sutures, was not

Group 2 (Soft- Group 1 (22 Group 2 (31

Group 1 (GT | tissue-only Factor Patients) | Patients) P
Factor  Conservation)  Repair) P Surgical revision| 2 (9%) 7 (22.5%) 0.27
Patients 22 31 — Hip dislocation | 0 (0%) 6 (19%) 0.035
Age 49.4 =175 51.9 = 18.7 0.62 events
Sex (males) 11/22 (50%) 11/31 (35%) 0.39 Trendelenburg 17 (77%) 23 (74%) 1
BMI 2522 + 7 25.60 + 7.9 0.91 gait
Diagnosis |  10/22 (45%) | 20/31 (64.5%) 0.38 Walking 15 (68%) | 25 (81%) 034
(orimary assistive device
sarcoma) MSTS score 56.34 65.62 0.25
Secondary | 7/22 (32%) | 7/31 (22.5%) 0.66 TESS score 78.64 67.32 0.38
surgery
Follow-up 34.68 58.93 0.09 . o .

) associated with improved rates of Trendelenburg gait nor
Baseline 57.3244 51.32 0.52 L . .
MSTS with independent ambulation and better lower extremity
score function scores when compared with direct or indirect
Baseline 561.32 58.34 0.72 soft-tissue reattachment. Moreover, the rate of revision
TESS surgery was comparable between both reattachment
score techniques. No notable issues were encountered using

grip and cables that led to implant prominence and
recurrent symptoms as one may have feared. Moreover,
the infection rate was comparable in both groups and
similar other reports.3-

The overall dislocation rate in our series reached
11.3% (6/53), comparable with the average rate
reported in similar series in the literature, ranging from
7% to 27%.18-20 The major effect of GT preserva-
tion and reattachment in our series was a notable
improvement of joint stability, with no episodes of
dislocation encountered in group 1, compared with six
patients having one or recurrent dislocations in group
2. None of the dislocations required surgical revision,
except for one who had a concomitant infection.
Abductor deficiency is, among others, a major etiology
of an unstable prosthetic hip.'>?! In our series, we
suspect the abductor deficiency to be the major factor
accounting for most of the observed instability in the
group with direct/indirect soft-tissue repair because
both groups had bipolar hemiarthroplasties, were
operated on by the same group of surgeons, and had no
evidence of implant malposition. Moreover, both
groups were comparable for all the remaining possible
confounding factors (diagnosis, BMI, and type of sur-
gery). This divergent outcome is most likely related to
increased joint restraint achieved earlier with bony GT
reinsertion that reduces excessive mobility and allows
for improved immediate stabilization and scarring,
precluding notable GT migration later on, even after
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Figure 1

Left hip radiographs of a patient who had a proximal femur arthroplasty with GT preservation and reinsertion using the grip-and-cables
system. (A) Immediate anteroposterior postoperative radiograph. B, Anteroposterior and lateral radiographs at 3 months of follow-up.
C, Anteroposterior and lateral radiographs at 1 year of follow-up. D, Anteroposterior and lateral radiographs at 10 years of follow-up.

cable rupture. We suspect that with either direct or
indirect soft-tissue reinsertion, heavy sutures are less
resistant for rigid fixation and may lead to abductor
tendon/muscle retraction or proximal migration re-
sulting in scarring and healing in a shortened fashion,
causing less containment of the prosthetic hip joint.

Subgroup Analysis

In the 22 patients with preserved GT, 15 had their repair
done with the grip-and-cables system. This system
evolved through the past decade and was shown to allow
effective GT reinsertion with high rates of bone healing
and good functional outcomes after revision total ar-
throplasty.?> The grip-and-cables system was never
evaluated before in massive endoprosthesis where the
GT is directly reattached to the porous-coated surface of
the prosthesis. In our series, all five patients with rupture

Figure 2

of their cables had the rupture within 13 months
postoperatively. The mean follow-up of patients with
cable repair was 27.4 months (12 to 156). In compar-
ison with other series, the cable rupture rate of the grip-
and-cables system after revision hip arthroplasty ranged
from zero to 30%.22-25 This is similar to our findings
despite lacking bone-to bone-healing, suggesting fibrous
union of the GT to the surrounding soft tissue and to the
porous surface of the implant. Some authors reported on
GT detachment and migration after fixation with bolt or
claw occurring in 45% of the patients within the first
3 months after surgery.!* Our figures appeared better
and could relate to the different implant system used.
This study was not powered to compare surgical and
functional outcomes between patients who had GT re-
attachment using the grip cables system and those who
had their GT reattached using heavy sutures. However,

Right hip radiographs of a patient who had a proximal femur arthroplasty with GT preservation and reinsertion using heavy sutures
(Ethibond No. 5 sutures). (A) Immediate anteroposterior postoperative radiograph. B, Anteroposterior and lateral radiographs at

3 months of follow-up. C, Anteroposterior and lateral radiographs at 9 months of follow-up. D, Anteroposterior radiographs at

18 months of follow-up.
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trochanteric displacement was measured for all patients
on their follow-up, and it shows markedly less ascension
of the GT in patients with a cable grip trochanter repair,
at 3, 6, and 12 months of follow-up. Although there are
not enough included patients to draw solid conclusions
(15 versus 7), these results show that heavy sutures seem
to resist less the abduction forces passing through the
repair site, when compared with metallic grip-and-ca-
bles system. Patients, who had a cable grip GT repair
had an initial in situ scarring of their abductor mech-
anism that resisted additional ascension despite cable
rupture in the follow-up (Figure 1). This was not the
case with patients who had a heavy suture repair of
their GT (Figure 2).

This study has several limitations. The major one is the
heterogeneity of the cases between groups 1 and 2
regarding the type of tumor (primary versus metastasis), its
size, and its location. This heterogeneity makes multiple
noncontrollable factors influence the extent of tumor
resection, surrounding soft-tissue defect, and the capacity
to preserve the GT. All of these factors might affect hip
stability and surgical and functional outcomes; however,
despite these, many surgeons in their practice elect to excise
the GT even if it could have been preserved with minimal
sacrifices. We think that extra efforts should be directed
toward GT preservation whenever preservation and re-
attachment are an option because our finding suggests that
it increases markedly the postoperative hip stability.
Moreover, despite prospective data collection, our study
remains retrospective with risks of selection bias and
incomplete data collection. Dedicated functional scores
(MSTS and TESS scores) were not always available for the
metastatic population as not routinely collected for our
nonsarcoma patient. We elected to use alternatively the
Trendelenburg gait assessment and the need for assistive
ambulating device, similar to other authors, because these
criteria reflect indirectly the abductor mechanism function
and the subsequent functional limitation related to its
impairment.'* Moreover, it has been shown that MSTS
and TESS scores averaged 74.5% and 89.0%, respec-
tively, in patients who lost notable amounts of their
abduction strength peak (33% to 66%) after GT re-
insertion.?® Thus, these scores may not appropriately
reflect the abductor apparatus performance. One last
limitation is the small number of patients in each subgroup
of GT repair that limited statistical comparison between
the two bony reconstruction methods because of the low
incidence of proximal femur sarcomas and the need for a
proximal femur arthroplasty in metastatic bone disease.
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