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Background: Adequate reconstruction of the soft tissue defect following resection of bone tumors is
challenging. Prolene mesh, despite being a useful tool, is not widely used due to the fear of deep
infection. The aim of this study was to evaluate the functional outcome and complications of using a
Prolene mesh in oncological reconstructions.
Methods: A retrospective study was conducted in bone tumor patients with soft tissue reconstruction
using Prolene mesh between January 2017 and June 2019. Functional evaluation was done using MSTS 93
score. Complications were recorded and were classified as mechanical (dislocation and extension lag) or
biological failure (wound problems and deep infection). Comparison was performed between groups
with and without biological failure to identify predictive variables.
Results: Of 116 patients, 68 were males and 48 were females, with median age of 22.5 years. Thirty nine
patients had tumors of proximal tibia, 23 of proximal femur, 25 of proximal humerus, 24 of pelvis, and
five tumors at other sites. Approximately two-thirds (62.9%) of our patients underwent endoprosthetic
reconstruction while the rest underwent either biological or cement spacer reconstructions. Excellent or
good functional outcomes were reported in 98.3% patients as per MSTS 93 scoring. Complications were
noted in 22 patients (18.9%), of which 16 had biological failure, with four patients requiring debridement
and mesh removal. Dislocation of prosthesis occurred in 2 patients of proximal femur replacement.
Overall re-surgery rate was 5.1% (6 patients). There was no statistically significant difference between the
groups with or without biological failure with respect to demographics, site of tumor, type of procedure,
blood loss, duration of surgery and history of chemotherapy.
Conclusion: Prolene mesh is a useful tool to reconstruct the soft tissue defects following bone tumor
resections. It is readily available, reliable and provides reproducible results, with no added risk of wound
complications.

© 2021 Delhi Orthopedic Association. All rights reserved.
1. Introduction

The peri-articular location of the bone tumors often necessitates
removal of the part of the bone involved along with the sur-
rounding soft tissue restraints of the joints (ligaments, tendons,
muscles, joint capsule) which contribute to its stability. Loss of soft
tissues stabilizers and constraints around the joints often leads to
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subluxation or dislocation of the prosthesis, as well as functional
deficits.1,2 While there are multiple options to reconstruct the bone
defect such as allograft, endoprosthesis or vascularised fibular
grafting, soft tissue reconstruction has always been a challenge to
the orthopaedic surgeon. For example, in case of a proximal tibial
tumor, endoprosthetic reconstruction can provide an adequate
mechanical support and functional joint following resection but
reattaching the extensor mechanism to the prosthesis is not so
simple.

Various modifications in surgical techniques and use of new
biomaterials have been described in literature for soft tissue
reconstruction following bone tumor resection. These include use
of expensive tubes, Dacron sleeves, Merselene tapes, hydroxy
apetite coating of the endoprosthesis, synthetic mesh etc.2,3
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However, the ideal method for soft tissue reconstruction is still
under debate, and at present, there is no perfect solution to this
problem.

Few studies in literature have reported the use of synthetic
mesh after resection of bone tumors for reconstruction of residual
soft tissues with variable results.4e7 However, most include a very
small patient population and focus on a single anatomical site. To
the best of our knowledge, no study till date has reported the use of
mesh for soft tissue reconstruction involving various anatomical
locations and evaluated the functional outcome, in a sufficiently
large patient population. Our present study aims to find out
whether use of Prolene mesh for soft tissue reconstruction
following resection of bone tumors (1) enhances the stability of the
reconstruct or (2) increases the risk of deep infection.

2. Materials & methods

We conducted a retrospective study to evaluate the functional
outcome after use of Prolene mesh for soft tissue reconstruction
following resection of bone tumors. The studywas conducted at the
Department of Orthopaedics, All India Institute of Medical Sciences,
New Delhi, India, after institutional ethics committee approval.

Inclusion criteria:

1. Patients of any age, who had biopsy proven primary malignant
or benign aggressive bone tumors or secondary metastatic
skeletal lesions involving various anatomical locations, and had
undergone wide resection of the tumor with some form of soft
tissue reconstruction using Prolene mesh between January 2017
and June 2019.

2. Completed a minimum 12 months follow up.

Exclusion criteria:

1. Patients not completing minimum 12 months follow up.
2. Patients/Guardians not giving informed consent for inclusion in

the study.

Demographic and clinical data on these patients were retrieved
from a prospectively maintained bone tumor database. Functional
evaluation was done using Musculoskeletal Tumor Society 93
(MSTS 93) score.8 Complications were recorded and classified
following the Henderson classification system of failure of limb
salvage after reconstructive surgery for bone tumors.9 We catego-
rized complications as 1) Mechanical failure (type 1A Henderson
failure including instability and extension lag) and 2) Biological
failure (type 1B Henderson failure of soft tissue coverage including
aseptic wound dehiscence and type 4 Henderson failures including
deep infection). The incidence of re-surgeries to address these
complications was also noted.

The Prolene mesh that we use at our centre is PROLENE™ Mesh
(ETHICON™), manufactured by Johnson-Johnson Inc. (Langhorne,
PA, USA) and distributed by Johnson-Johnson Inc. (Neuss, Ger-
many). It is a construction of knitted non-absorbable filaments of
polypropylene, identical in composition to that used in Prolene
suture, that resists degradation by tissue enzymes and retains
strength indefinitely in clinical use.10 The knitting process in-
terlinks each fiber junction and provides for extensibility in both
directions. The bi-directional extensible property allows adaptation
to various stresses encountered in the body. According to manu-
facturer’s data, the mesh has a burst strength of approximately
14 kg/cm2, providing high burst strength and tensile strength for a
strong repair.11,12 It is customizable and may be trimmed without
unraveling.10 The mesh used in the study was free of cost for the
patient.
196
All the collected data were entered in a Microsoft Excel Work-
sheet and tabulated.

Statistical analysis was done using the statistical computing
software R version 2.15.0. Categorical variables were analyzed using
Chi-square test. For continuous variables, normalcy of data distri-
butionwas assessed using Shapiro-Wilk test and Student t-test was
used to assess significance. All the observations were considered to
be significant when p-value was <0.05.

3. Results

A total of 116 patients met the inclusion criteria and were
included in the study. Mean follow up period was 23.91 months
(range 12e42).

The complications noted including mechanical failure (type 1A
failure-instability and extension lag) and biological failure (type 1B
failure of soft tissue coverage and type 4 failure with deep infec-
tion) are as shown in Table 1.

Patients without complications (group 1) and patients with
complications (group 2) were compared for the demographic and
outcome parameters (Table 2).

Other sites in Tables 1 and 2 include 2 cases of proximal fibula
resection with reconstruction of posterolateral corner, 2 cases of
distal fibula resection with reconstruction of tibio-fibular ligament
and 1 case of proximal radius resection with reconstruction of
lateral collateral ligament using Prolene mesh.

The requirement for a re-surgery procedure for the above
mentioned complications was noted. A total of 6 re-surgery pro-
cedures were required with a re-surgery rate of 5.17%. Of the two
patients with dislocation of proximal femur endoprosthesis, one
was managed with closed reduction under anaesthesia followed by
traction for 6 weeks, while the other also developed deep infection
and required aggressive debridement, prosthesis and mesh
removal and cement spacer. One patient with proximal tibia
endoprosthesis reconstruction developed skin necrosis which
required debridement and split skin grafting. Two patients with
pelvic resections and one patient with proximal fibula resection
with posterolateral corner reconstruction developed deep infection
and required debridement and mesh removal.

Comparison of outcome parameters and intra-operative vari-
ables between patients with and without biological failure is as
shown in Table 3.

Functional outcome was evaluated using the MSTS 93 score
(Table 4).

4. Discussion

While obtaining adequate oncological margins during surgical
resection is critical for optimum oncological outcome, reconstruc-
tion of the skeletal and soft tissue defect created following resec-
tion is the key to achieving good functional outcome. Soft tissue
reconstruction should therefore be planned with the aim of
achieving a reconstruction that is as close as possible to the original
anatomy, enhancing stability of the skeletal reconstruction and
facilitating early rehabilitation.

The ideal material for the reconstruction of the soft tissue de-
ficiencies after resection of bone tumors should be able to provide
long term stability to the skeletal reconstruct without itself frag-
menting, and should not increase the likelihood of foreign body re-
actionand infections.Besidesbeingnon-absorbable, it shouldprovide
adegreeofflexibilityand shouldhavehigh tensile strength toprevent
early failure, especially around a joint that is capable of multidirec-
tionalmovements. Prolenemesh is by far closest to an ideal material.

Synthetic mesh has been widely used in reconstructions of the
abdominal and chest walls after major resections and closure of



Table 1
Complications noted including mechanical and biological failure.

A. Mechanical failure
A.1. Type 1A failure- instability after limb salvage surgery
Procedure No. of

Patients

a. Proximal femur endoprosthesis 2
b. Proximal humerus endoprosthesis/nail cement spacer 0
c. Pelvis reconstruction 0
d. Proximal tibia endoprosthesis 0
e. Others 0
Total 2/116 (1.72%)

A.2. Type 1A failure- extension lag after proximal tibia endoprosthesis

a. No. of patients/total (%) without any lag (or with full active
extension)

31/39 (79.5%)

b. No. of patients/total (%) with lag 8/39 (20.51%)
c. Mean extension lag (range) 2.31� (0e20�)
d. Mean flexion (range) 94.1� (70

e110�)

B. Biological failure
B.1. Type 1B- failure of coverage after limb salvage surgery
Procedure No. of

Patients

a. Proximal femur endoprosthesis 3
b. Proximal tibia endoprosthesis 8
c. Proximal humerus endoprosthesis/nail cement spacer 0
d. Pelvis reconstruction 1
e. Others 0
Total 12/116

(10.3%)

B.2. Type 4 failure- deep infection after limb salvage surgery
Procedure No. of

Patients

a. Proximal femur endoprosthesis 1
b. Proximal tibia endoprosthesis 0
c. Proximal humerus endoprosthesis/nail cement spacer 0
d. Pelvis reconstruction 2
e. Others 1
Total 4/116 (3.45%)

Table 2
Comparison of demographics and outcome parameters between the Group 1
(without complications) and Group 2 (with complications).

Demographics Group 1
(n¼94)

Group 2
(n¼22)

p value

1. Median Age (years) 23 19 0.54
2. Sex
Male (n¼68) 55 13 0.960
Female (n¼48) 39 9
3. Diagnosis
a. Osteosarcoma (n¼32) 27 5 0.187
b. Ewing’s sarcoma (n¼31) 23 8
c. Chondrosarcoma (n¼19) 18 1
d. GCTB (n¼23) 16 7
e. Others (n¼11) 10 1
5. Site of tumor
a. Proximal femur (n¼23) 18 5 0.032
b. Proximal tibia (n¼39) 26 13
c. Proximal humerus (n¼25) 25 0
d. Pelvis (n¼24) 21 3
e. Others (n¼5) 4 1
1. Proximal fibula 1 1
2. Proximal radius 1 0
3. Distal fibula 2 0
6. Reconstruction type)
1. Endoprosthesis (n¼73) 55 18 0.070
2. Spacer (n¼14) 14 0
3. Biological reconstruction (n¼29) 25 4
7. Chemotherapy
a. Yes (n¼63) 50 13 0.617
b. No (n¼53) 44 9
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complex hernias.13e16 We have used Prolene mesh for enhancing
soft tissue repair and reconstruction following wide resection of
bone tumors at various anatomical sites.

In oncological surgeries around the hip, obtaining awidemargin
often necessitates sacrifice of important hip joint stabilizers
including joint capsule and abductors. Dislocation is the most
common complication of proximal femur endoprosthetic recon-
struction.17 In literature, the reported dislocation rate ranges from
10 to 40%. These figures are much higher than the 2e8% dislocation
rates reported for THR unrelated to bone tumors around the
hip.18,19 While some studies advocate surgical repair of hip capsule
and repair of abductors to the prosthesis as an effective method of
preventing instability, others have found no such association.20e25

Bickels et al. used Dacron tape capsulorrhaphy over the pros-
thetic neck in patients undergoing proximal or total femur resec-
tion with endoprosthetic reconstruction, and reported dislocation
of the prosthesis in only one patient, with deep wound infection
necessitating surgical intervention in two patients.1 Gosheger et al.
used Trevira tube (polyethylene terephthalate knitted tube) for
reconstruction of the capsule and noted dislocation of the pros-
thesis in two of 38 patients with late infections in three patients.3

The present study included 23 patients who underwent wide
resection and proximal femur endoprosthetic reconstruction. We
sutured a sheet of Prolene mesh to the capsular remnant and the
acetabular labrum using a series of interrupted nonabsorbable su-
tures (Ethibond No. 5) in all cases. The mesh was then wrapped
tightly around the femoral prosthesis and then sutured to itself
over the prosthesis with a further series of nonabsorbable sutures
to create a tight restraint. The abductors were then attached to the
mesh. We found dislocation of the prosthesis in only two patients,
both occurring within one month of index surgery, and deep
infection in only one patient. Three patients developed wound
complications which were managed conservatively. The mean
MSTS score was 24.91, with 95.6% reporting an excellent or good
functional outcome (Table 4). The results show that the application
of a Prolene mesh to stabilize the proximal femur endoprosthesis
helps achieve a stable hip with low dislocation and infection rates.

Wide resection of the proximal tibia involves disruption of the
extensor mechanism of the knee. Various methods of reattachment
of the patellar tendon to the prosthesis and gastrocnemius flap
have been described in literature including direct fixation to the
prosthesis using screws, sutures, loops and mechanical clamping,
and augmentation with synthetic materials including synthetic
ligaments (LARS, Leeds-Keio ligament, Gore-Tex1), Trevira tube,
Aorta Graft, Dacron tape and synthetic mesh with variable
results.3,26e28 We devised a new surgical technique of extensor
mechanism reconstruction after proximal tibia resection using a
cylindrical tube of Prolene mesh attached to the patellar tendon
andmedial patellar retinaculum. This tube is then passed through a
slot in the prosthesis and reattached to itself under adequate ten-
sion with the knee in 15e20� of flexion (Fig. 1). Finally, medial
gastrocnemius flap is rotated anteriorly for coverage of the mesh
and prosthesis. Ichikawa et al. used a complex surgical technique
for extensor mechanism reconstruction which included the
attachment of mesh to the tibial component using a plate and
screws, in a small series of 9 patients undergoing proximal tibia
endoprosthetic reconstruction and reported a mean extension lag
of 5�.6 Our technique is quite simple compared to other techniques
reported in the literature and the mean extension lag reported in
our study was 2.3� and mean flexion at the knee was 94.1� (range
70e110�). Most of the patients had good range of motion at the
knee (Fig. 2). A reattachment tube (Implantcast) fixed around the
prosthesis with non-absorbable sutures was used for extensor
mechanism reconstruction by Hardes et al.29 with extension lag in
25% of patients as opposed to 20.5% patients in our study. Our



Table 3
Comparison of outcome parameters and intra-operative variables between patients with and without biological failure.

Variables Without Biological failure With Biological failure p-value

1. Sex
a. Male 60 8 0.451
b. Female 40 8
2. Site
a. Proximal femur 19 4 0.205
b. Proximal tibia 31 8
c. Proximal humerus 25 0
d. Pelvis 21 3
e. Others 4 1
3. Diagnosis
a. Osteosarcoma 29 3 0.113
b. Ewing’s sarcoma 23 8
c. Chondrosarcoma 18 1
d. GCTB 19 4
e. Others 11 0
4.Reconstruction type
a. Endoprosthesis 61 12 0.263
b. Spacer 14 0
c. Biological reconstruction 25 4
5. Chemotherapy
a. Yes 52 11 0.212
b. No 48 5
6. Median Blood loss (IQR) 1150 ml

(712.5 -1800)
1100 ml

(575-2750)
0.985

7. Mean Duration of Surgery (min) 240.47þ/-50.31 281.58þ/-83.80 0.143
8. ASA grade Grade 1- 68 patients

Grade 2- 6 patients
Grade 1-10 patients
Grade 2- 2 patients

0.344

Table 4
Functional outcome using MSTS 93 score.

No. Of Patients (%)

Site of tumor Mean MSTS 93 score (range) Excellent
MSTS>23

Good
MSTS 15-22

Fair
MSTS 8-14

Poor
MSTS<8

1. Proximal femur 24.91 (12-29) 19/23 (82.6%) 3/23
(13%)

1/23
(4.3%)

0

2. Proximal tibia 27.07 (23-30) 39/39 (100%) 0 0 0
3. Proximal humerus 22.16 (19-25) 12/25

(48%)
13/25
(52%)

0 0

4. Pelvis 21.67 (14-25) 8/24
(33.3%)

15/24
(62.5%)

1/24
(4.16%)

0

5. Others 24.6 (23-26) 5/5
(100%)

0 0 0

Overall 24.36 (12-30) 83/116
(71.5%)

31/116
(26.7%)

2/116
(1.7%)

0
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method Prolene mesh reconstruction of extensor mechanism has
comparable results with other reconstruction methods with the
additional advantage of being cheap and widely available. Use of
artificial ligaments and synthetic materials has been associated
with synovitis, and loosening or stretching of the patellar
tendon.26e28 Although we did not find any of these complications
in our study cohort, eight patients developed aseptic wound ne-
crosis, of which only one required debridement and Split Thickness
Skin Grafting (STSG) (Fig. 3), while others were managed conser-
vatively. Excellent functional outcome was reported in all the pa-
tients undergoing proximal tibia endoprosthesis, with mean MSTS
score of 27.07 (Table 4).

Resection of tumors of proximal humerus often includes
resection of major part of the rotator cuff muscles, the deltoid
muscle and the axillary nerve, resulting in severe functional defi-
cits. In such situations, a stable shoulder joint is critical for the
preservation of the elbow and hand function. Marulanda et al.
described the use of an aortic graft mesh (Gore graft) and bio-
absorbable anchor screw for the attachment of endoprosthesis to
glenoid and reported no subluxations or disocations using this
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technique, with infection rate of 6.25%.30 Kitagawa et al. reported
subluxation or dislocation in 20% of cases in their method of
attachment of prosthesis to the rotator cuff or acromion with
synthetic sutures and to the bone projections by Dacron tape.31

Our study included 25 patients with tumors involving proximal
humerus who underwent wide resection followed by reconstruction
with endoprosthesis or nail-cement spacer construct and stabiliza-
tion of the reconstruct with Prolene mesh (Fig. 4). We found no
dislocation of the prosthesis or nail-cement spacer construct. None of
the patients developed any infection or wound complications. Wang
et al. also reported similar results with no dislocations or infections
while using polypropylene mesh for reconstruction following prox-
imal humerus resection in 18 patients.32 Mean MSTS score recorded
for proximal humerus resections in our study was 22.16, with excel-
lent and good functional outcome reported in 48% and 52% respec-
tively (Table 4). The results suggest that the use of Prolene mesh for
stabilizationof the reconstruct followingproximalhumerus resection
is superior to any other reconstruction method reported till date.

Meshplasty is routinely performed at our centre following
peri-acetabular resections where the femoral head is anchored to



Fig. 1. Knee extensor mechanism reconstruction using Prolene mesh tube following proximal tibia resection and endoprosthesis reconstruction.

Fig. 2. Clinical photograph showing range of motion at the knee after extensor
mechanism reconstruction using Prolene mesh tube.

Fig. 3. Wound necrosis following proximal tibial endoprosthetic reconstruction, which
was managed with Split Thickness Skin Grafting.
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the nearest available healthy bone with the help of a Prolene
mesh. 24 patients who underwent pelvic resections and recon-
struction with Prolene mesh for pelvic tumors were included in
the present study. Wound complications were noted in three pa-
tients in our study, of which two required debridement and mesh
removal. One patient developed wound dehiscence which was
managed conservatively with regular dressings. However, we did
not report any dislocation with our reconstruction method. The
mean MSTS 93 score at final follow up was 21.67. Although
meshplasty may not restore normal hip joint kinematics, majority
of these patients remained functionally active and were able to
walk unassisted and returned to their occupation, with approxi-
mately 95% of the patients reporting excellent to good functional
outcome (Table 4). Considering these favourable results of mesh
reconstruction, we believe that future studies comparing the low
cost meshplasty with the expensive prosthetic acetabular recon-
struction techniques using objective parameters may help to
establish meshplasty as a useful alternative to prosthesis recon-
struction for pelvic resections.
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The ill-founded fear of increased risk of deep prosthetic infec-
tion with the use of mesh has restricted the use of mesh in or-
thopaedic oncology. Whether or not there is an increased risk of
infection due to the use of mesh has still not been validated in
literature, as infections can also be attributed to inadequate soft
tissue coverage, dead space after resection, and the immunosup-
pressive chemotherapy. Comparison of patients developing wound
problems (biological failure) with those who did not develop
wound problems in our study showed that age, sex, tumor type, site
of involvement, type of reconstruction and chemotherapy did not
influence the risk of wound related complications. Also, no asso-
ciation was found between duration of surgery, amount of intra-
operative blood loss and ASA grade with wound related compli-
cations (Table 3).

The strength of our study lies in the inclusion of a large patient
population, long follow up duration and application of mesh at
various anatomical locations. There are few limitations in this
study. Foremost, the data presented are retrospective. We have
evaluated the outcomes following soft tissue reconstruction using
only Prolene mesh because of which comparison could not be done



Fig. 4. Use of Prolene mesh for anchoring proximal humeral endoprosthesis to the
glenoid following wide resection of tumor of proximal humerus.
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with other forms of biomaterials in order to conclude whether
prolene mesh is superior to other available biomaterials. While the
study population includes different anatomical sites to discuss the
various utilities of mesh in reconstructing soft tissue defects, it can
also be considered as a limiting factor in analysis as the results may
not be homogenous. However, the difference in anatomical location
does not contribute to statistically significant difference in our
outcomes (Table 2).
5. Conclusion

Our study results show that the use of Prolene mesh for soft
tissue reconstruction following resection of bone tumors enhances
the stability of the skeletal reconstruct without any increase in the
risk of wound dehiscence or deep infection. Prolene mesh is a boon
for orthopaedic onco-surgeons and an extremely useful tool to
reconstruct the soft tissues especially in a developing country like
ours. It is readily available, reliable and provides reproducible re-
sults. Prospective comparative studies arewarranted to establish its
superiority over other costlier alternatives.
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