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Background and Objective: Proximal femoral replacement due to revision hip arthroplasty or 
catastrophic proximal femur fracture fixation failures with considerable proximal femur bone loss can lead 
to a substantial loss of function of the soft tissue around the hip and the abductor muscles in particular. 
Surgical techniques of gluteus medius repair and/or abductor mechanism reattachment/reconstruction 
are widely debated in the literature, but it is quite rarely dealt with in the context of megaprosthesis and 
femoral reconstruction, particularly in non-oncologic patients. The aim of this study is to present a narrative 
review of the literature on techniques for abductor reattachment in proximal femoral replacement for non-
oncological reconstructions. 
Methods: MEDLINE, Embase, and Cochrane databases were searched by two researchers independently 
from inception until February 1st, 2023 (923 for MEDLINE and 963 for Embase; Cochrane is a composite 
of multiple databases and thus does not report a standard inception date). Articles examining proximal 
femoral reconstruction with megaprosthesis or allograft prosthesis were included. Studies concerning cadaver 
and oncologic patients were excluded. If the researchers failed to find an agreement on whether to include a 
study, the senior researcher would make a final decision in such cases. Data were extracted and stored, and 
qualitative synthesis was performed. 
Key Content and Findings: A total of 1,157 articles from MEDLINE, 11,187 articles from Embase, and 
0 articles from Cochrane were identified. Of 12,344 articles, the structured screening process revealed 10 
eligible trials. Four different types of abductor musculature reconstruction/reinsertion were identified.
Conclusions: Multiple and complex revision hip arthroplasties as well as multiple surgical procedures for 
proximal femur fracture fixations failures may have a great impact on proximal femur bone stock condition 
and soft tissue preservation requiring the use of a proximal femur megaprosthesis. In such cases, the abductor 
mechanism reconstruction and/or reattachment is achievable with different techniques that can be resumed 
in four different groups: direct suture to the prosthesis, trochanteric sleeve osteotomy, muscle-to-muscle 
suture, and synthetic tube augmentation suture.
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Introduction

Background

The rate of revision total hip arthroplasties (rTHAs) as well 
as periprosthetic fractures has been increasing considerably 
in recent years as primary THAs are increasing (1-3). 
Similarly, as the mean age of the population increases thus 
the rate of proximal femur fragility fractures and failures 
of such fractures increase too (4-6). All these procedures 
and their repeated failures can lead to high degrees of bone 
loss of the proximal femur preventing adequate function 
in terms of both stability and anchorage of the abductor 
apparatus (7-9). In these cases of catastrophic failures 
with a high degree of bone loss, the use of proximal femur 
megaprostheses has recently been introduced in literature 
with good results (9-12). Megaprostheses of the proximal 
femur, also called proximal femur replacements (PFR), were 
originally designed for reconstruction after malignant bone 
tumor resections (13).

Rationale and knowledge gap

The popularity of using this drastic solution also in non-
oncological cases comes from the fact that PFR reduces 
bed rest and allows early weight bearing and an early return 
to daily life activities decreasing systemic complications 
and overall mortality (14). However, these implants are 
burdened by several complications among which the 
most common are soft-tissue failures such as deficiency 
of the abductor mechanism and infections mining the 
quality of life of such patients, frequently burdened by 
numerous surgical interventions (15-18). The deficiency 
of the abductor mechanism and the consequent lack of the 
abductor force can ultimately lead to instability (19) and 
dislocations (20) that range from 11% to 15% of cases after 
PFR with megaprostheses (21,22).

Therefore, any kind of reconstruction of the abductor 
musculature function is mandatory in order to prevent such 
a frequent complication. The surgical techniques of gluteus 
medius repair/reconstruction or abductor mechanism 
reattachment are widely debated in the literature, but 
it is quite rarely dealt with in the context of PFR with 
megaprostheses, particularly in non-oncologic patients.

Objective

The aim of this study was to perform a review of the 
current literature about the available treatment options for 
abductor mechanism repair/reconstruction/reattachment 
in the treatment of non-neoplastic conditions in patients 
that undergo a PFR with megaprostheses. We present this 
article in accordance with the Narrative Review reporting 
checklist (available at https://aoj.amegroups.com/article/
view/10.21037/aoj-23-26/rc).

Methods

A review of the primary literature was undertaken in a 
systematic manner to ensure all relevant articles were 
considered. MEDLINE, Embase, and Cochrane databases 
were searched by two researchers independently from 
inception until February 1st, 2023 (1,157 for MEDLINE 
and 11,187 for Embase; Cochrane is a composite of 
multiple databases and thus does not report a standard 
inception date). Articles examining proximal femoral 
reconstruction with megaprosthesis or allograft prosthesis 
were considered. The search terms used are reported in 
Table 1. Articles examining proximal femoral reconstruction 
with megaprosthesis or allograft prosthesis, in English, 
French or German language were included.

Studies concerning cadaver and oncologic patients, 
and studies without full-text availability, as well as studies 
reporting abductor apparatus reconstruction techniques in 
patients undergoing revision THA with the use of revision 
stems instead of megaprosthesis or allograft prosthesis 
were excluded. Firstly, duplicate publications removal was 
managed with Mendeley library. After duplicate removal, 
references not fulfilling the inclusion and exclusion criteria 
were excluded by title and abstract. The full text of the 
included study was then analyzed and studies not satisfying 
the inclusion and exclusion criteria were excluded. Once 
the evidence was screened, the articles were selected and 
ultimately searched for relevant literature throughout the 
citations section. All the authors were contacted to obtain 
missing data concerning the articles they produced, but no 
answer was received back.

Data were extracted and stored, and qualitative synthesis 
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Table 1 The search strategy summary is presented to enhance the research transparency

Items Specification

Date of search February 1st, 2023

Databases and 
other sources 
searched

MEDLINE, Embase, Cochrane

Search terms 
used

(total hip AND (reconstruction OR replacement OR megaprosthes* OR revision OR resection)) OR (hip AND 
(reconstruction OR replacement OR megaprosthes* OR revision OR resection)) OR (proximal femur AND (reconstruction 
OR replacement OR megaprosthes* OR revision OR resection)) OR (intertrochanteric AND (reconstruction 
OR replacement OR megaprosthes* OR revision OR resection)) OR (pertrochanteric AND (reconstruction OR 
replacement OR megaprosthes* OR revision OR resection)) OR (hip fracture AND (reconstruction OR replacement 
OR megaprosthes* OR revision OR resection)) OR (femoral infection AND (reconstruction OR replacement OR 
megaprosthes* OR revision OR resection)) OR (periprosthetic AND (reconstruction OR replacement OR megaprosthes* 
OR revision OR resection)) AND (plate OR cable OR abductor OR gluteus OR cerclage)

Timeframe Inception to February 1st, 2023

Inclusion and 
exclusion criteria

Inclusion criteria: proximal femoral reconstruction with megaprosthesis or allograft prosthesis; English, French or 
German language

Exclusion criteria: cadaver and oncologic patients; studies without full-text availability; revision THA with the use of 
revision stems

Selection process Two independent researchers

THA, total hip arthroplasty.

was performed. The research strategy flowchart initially 
used to summarize the research is shown in Figure 1. The 
search strategy summary was also used to summarize the 
research as shown in Table 1.

Statistical analyses

No statistical analysis was required, but a qualitative list 
of the evidence is provided. This study occurs to present 
a narrative review since the prior aim of this publication 
was to perform a meta-analysis of the current literature 
about the available treatment option to repair the abductor 
mechanism after a proximal femoral reconstruction with 
megaprosthesis. This was not possible due to an insufficient 
number of studies concerning the argument, the lack of data 
about clinical or radiological outcomes and the poor current 
standardize evidence when present.

Results

The different techniques described in the current 
literature can be summarized in four different types: direct 
reattachment, trochanter sleeve osteotomy, tendon-to-
muscle suture, and synthetic augmentation. The references 

included in the study are provided in Table 2 reporting 
indications, included population, and surgical techniques 
for each reference.

Direct reattachment

Direct reattachment of the abductor musculature to the 
proximal body of the megaprosthesis that often come with 
multiholes. This is a relatively quick and easily accessible 
method to recreate abductor mechanism continuity if 
tendons were spared on the first instance (21,23,24).

Trochanter sleeve osteotomy

If a fragment of the greater trochanter remains in place, a 
trochanteric sleeve osteotomy can be performed with the 
trochanteric fragment mounted on the PFR prosthesis 
during reconstruction. The reattachment can be performed 
throughout claw plates, standard plates, or just cables or 
non-adsorbable sutures (8,21,25,26).

Tendon-to-muscle suture

The abductor tendons/musculature are sutured to the other 
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(n=12,344):

•  Embase (n=11,187)

•  MEDLINE (n=1,157)

•  Cochrane (n=0)

Record after duplicate removal  

(n=11,876)

Record after title and abstract removal

(n=1,236)

Record after full-text assessment 

(n=11)

Studies included in qualitative synthesis 

(n=10)

Additional record identified through 

citations 

(n=83)

Record excluded by senior 

researcher 

(n=1)

Figure 1 The research diagram summarizing in details the strategy used to report the evidence.

Table 2 Indications, interventions and surgical technique of the references included in this study

Lead author
Year of 

publication
Indication

No. of 
patients

Intervention Surgical technique

Thaler et al. 2022 Periprosthetic fracture 3 Direct 
reattachment; 

sleeve 
osteotomy

#5 Ethibond to attach the gluteus medius muscle to the lateral 
and medial aspects of the prosthesis with sutures running 
through the muscles or the tendons of the muscles and the 
predefined holes at the implant site

If severe instability, the connection between the proximal 
femoral replacement and the acetabulum can be fortified using 
a mesh reinforcement. Either an 8-mm Dacron vascular graft or 
mesh can be looped around the proximal femoral replacement 
body and secured using #5 Ethibond. The other end of the 
Dacron vascular graft is secured to the ilium proximal to the 
acetabular component using 4.5-mm cortical large fragment 
screws with washers, that is two to four monofilament wires, 
with different techniques of tunnels in a vertical and horizontal 
plane through the osteotomized fragment, eventually with claw 
plates, cables or standard plates

Shih et al. 2007 Hip fracture; OA; 
osteonecrosis

5; 3; 3 Direct 
reattachment; 

sleeve 
osteotomy

Non adsorbable sutures to fix tendons to the modular 
megaprosthesis. If the bone stock of the greater trochanter is 
poor or absent, abductors are attached to the megaprosthesis 
using Mersilene tape. Onlay allografts can be used to 
reconstruct the junction of the host femur and the porous 
surface of the prosthesis in some cases

Wire fixation of the greater trochanter to the megaprosthesis

Table 2 (continued)
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Table 2 (continued)

Lead author
Year of 

publication
Indication

No. of 
patients

Intervention Surgical technique

Bickels et al. 2000 Renal osteodystrophy 2 Direct 
reattachment; 

sleeve 
osteotomy

If the trochanter is resected on the first place, a metal loop 
with Dacron tape to secure the tendons to the implant

Reattachment of the trochanter with a cable grip system

Parvizi et al. 2004 No report 49 Sleeve 
osteotomy; 
tendon to 
muscle

The tendon complex is around the prosthesis with multiple 
loops of nonabsorbable sutures passing around the remnant 
of trochanter and the attached soft tissue. The trochanter is 
fixed onto the proximal portion of the prosthesis by passing 
the sutures through the holes in the prosthesis or around the 
proximal body and the deep tissues

The abductors are sutured to the vastus lateralis, the tensor 
fascia lata, or the host greater trochanter, if available. 
Abductors mechanism can be attached to the vastus lateralis 
or the tensor fascia lata muscle

Amanatullah 
et al. 

2014 Infection; 
periprosthetic fracture; 

aseptic loosening; 
combination

1; 2; 3; 13 Sleeve 
osteotomy

Wagner type transtrochanteric osteotomy wrapped around the 
implant with wires or cables

Christ et al. 2021 Infection; 
periprosthetic fracture; 

aseptic loosening; 
combination

2; 5; 5; 4 Sleeve 
osteotomy

Detachment and fixation of the trochanteric bone and the 
abductors to the prosthesis

Giurea et al. 1998 Revision THA 3 Direct 
reattachment; 

Tendon to 
muscle suture

Fixation of the gluteus medius tendon and a its bony insertion 
to the prosthesis with a polyethylene spiked plate and screws

Reattachment of gluteus medius to the iliotibial band

Ward et al. 1995 Failed megaprosthesis; 
non-unions

1; 2 Tendon to 
muscle suture

The abductor mechanism was reattached with a suture of the 
abductors to the prosthesis, providing additional continuity by 
tenodesing the abductor and short external rotator tendons to 
the undersurface of the overlying iliotibial band, tensor muscle, 
and gluteus maximus tendon

Innocenti et al. 2021 IM nail failure 15; 6 Tendon to 
tendon suture; 

synthetic 
augmentation

Tendon to tendon or tendon to muscle suture “bridge” 
between the abductors and the vastus lateralis and/or tensor 
fascia lata muscle without complementary devices

If residual instability or laxity of the joint, insert the Trevira 
tube around the neck segments of the implant to both 
directly connect the proximal body of the prostheses with the 
remained native hip capsule and wrap the remaining fragments 
of the trochanter or the abductor tendons themself with the 
synthetic tube with the use of multiple loop non-adsorbable 
sutures

Gosheger  
et al.

2001 Pseudoarthrosis; failed 
megaprosthesis

1; 1 Synthetic 
augmentation

The tube is fixed to the megaprosthesis and the muscles are 
reattached to the prosthesis. Use non-absorbable sutures for 
attachments to the Trevira tube

OA, osteoarthritis; THA, total hip arthroplasty.
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surrounding hip muscle groups in a sort of elastic slingshot 
conformation. This method does not compel touching 
the bone or the prosthesis and is a pure tendon-to-muscle 
suture technique (9,25,27,28).

Synthetic augmentation

A synthetic porous structure made of polyethylene 
terephthalate can be wrapped around the proximal portion 
of the megaprosthesis running as the attachment for both the 
gluteus musculature and the other muscles surrounding the 
hip joint as well as the remaining hip capsular structures (9,29).

Discussion

The majority of the current evidence about techniques 
for hip abductor mechanism reconstruction comes from 
oncological reports or describes methods for chronic 
abductor mechanism deficiency in total hip revision surgery 
with the use of revision stems and not proximal femur 
megaprosthesis. Hereafter, for the thoroughness of this 
work, different methods for abductor reattachment in 
revision arthroplasty not mentioning megaprosthesis are 
reported.

Whiteside et al. (30) describe a surgical technique to 
restore the hip stability based on the factual assumption that 
deficiency of the abductor muscle group does not generally 
affect the gluteus maximus, allowing the muscle transfer. 
The gluteus maximus is detached anteriorly from the fascia 
lata as far proximally as the iliac crest and posteriorly from 
its insertion to the iliotibial band as far proximally as half of 
the length of the muscle. This muscle flap can be attached 
directly to the greater trochanter and vastus lateralis muscle 
in a tendon-to-muscle suture fashion. In situations involving 
capsular deficiency, posterior instability, or absence of the 
short external rotator muscles, an additional triangular 
flap can be raised from the posterior portion of the gluteus 
maximus muscle and transferred under the main anterior 
gluteus maximus flap and greater trochanter to attach to 
the anterior capsule. This flap substitutes for the gluteus 
minimus muscle and short external rotators and capsules 
and helps limit excessive internal rotation and adduction of 
the hip.

Fehm et al. (31) report a surgical reconstruction 
technique with fresh-frozen Achilles tendon and calcaneal 
bone allograft for the treatment of severe abductor 
deficiency after total hip arthroplasty. The tendinous 
portion of the allograft is passed through the gluteus medius 

muscle and then is looped back on itself while the osseous 
block is press-fit into an ad-hoc recess on the femoral bone 
and fixed with a 16-gauge wire or with a cable passed 
around the bone block and the femur itself. Finally, the two 
end extremities of the tendinous portion of the allograft 
are suture one to the other, to the gluteus minimus, to 
the capsule anteriorly and to the intact area of the gluteus 
medius tendon in similar manner posteriorly.

Drexler et al. (32) describe a similar method to the 
ones proposed before with the gluteus minimus and the 
posterior half of the gluteus medius sutured together and 
then sutured to the upper edge of the vastus lateralis using 
nonabsorbable #2 Ticron and #5 Ticron wires. Additionally, 
the anterior half of the gluteus medius is repaired both 
to the greater trochanter and to the vastus lateralis with 
intraosseous sutures. Once the repair of the abductor 
muscles is obtained, an augmentation with tensor fascia lata 
(TFL) is performed. The posterior aspect of TFL is sutured 
to the abductor musculature and to the superior margin of 
the vastus lateralis insertion. Ultimately, the anterior aspect 
of TFL is sutured to the iliotibial band and the gluteus 
maximus.

Acute and chronic tears abductor mechanism deficiency 
secondary to primary THA open treatment algorithm was 
attempted to be built by Kenanidis et al. (33). The group 
found no sufficient data through the literature to draw 
any conclusion for the primary purpose of the study, but 
the resulting surgical technique does not deviate from the 
ones this article presents. Direct suturing of the tendon 
defect can be resolved with drilled holes and suture anchors 
through the greater trochanter. Kenanidis propose the use 
of anchors of smaller tears of the gluteus tendon, while 
transosseous tunnels can be performed to repair stout 
posterior fibers of the abductor muscle with the number of 
the bone tunnel directly proportional to the extent of the 
tendon tear. Direct open augmented repair with synthetic 
grafts or allografts can also be achieved using suture anchors 
and a non-resorbable collagen patch. Kenanidis found this 
technique to be presented in studies including patients with 
a higher grade of deficiency of the tendon compared to the 
one supporting direct suturing. Lastly, reconstruction for 
chronic end-stage abductor tears is preferably treated with 
muscle transfer.

Limitations

A limitation of this review is the non-standardized pre- and 
post-operative evaluation of patients and their clinical and 
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radiological outcomes described in the presented literature. 
Another limitation is the lack of an explicit and reproducible 
methodology by which the evidence has been reviewed with 
quantitative means.

New scientific evidence should be produced with rigorous 
and standardized methods in order to systematically 
synthesize data to develop a better treatment algorithm of 
which surgical technique should be chosen in complex hip 
revision surgery or catastrophic proximal femur fracture 
fixation failures with massive proximal femoral bone loss.

Conclusions

In this review, the abductor mechanism reattachment in 
PFR with megaprosthesis for non-oncological reasons is 
presented with different techniques that can be divided and 
summarized into four different groups: direct suture to the 
prosthesis, trochanteric sleeve osteotomy, muscle-to-muscle 
suture, and synthetic tube augmentation suture. To the 
author’s knowledge, no review dealing with such topic has 
ever been reported before.
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