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Background: Although resection of extremity soft tissue sarcomas can occasionally lead to large dis-
abilities, literature regarding the necessity and outcome of functional reconstructions are scarce. The goal
of this review is to assess outcomes and usage of functional reconstructions in light of multimodal
treatment.

Methods: A systematic search was performed in July 2018 in PubMed and Embase databases according to
the PRISMA guidelines. Search terms related to ‘soft tissue sarcoma’ and ‘functional reconstruction’ were
used. Case series evaluating outcomes of functional reconstructions after STS resection were included.
Soft tissue sarcoma Functional reconstructions were limited to free functioning muscle transfers, tendon reconstructions,
Functional reconstruction and nerve reconstructions. Qualitative synthesis was performed on all studies. Tumor grade, multimodal
Nerve treatment, reconstruction, outcomes, and complications were collected from individual patient data.
Functionality Results were summarized by tumor site.

Systematic review Results: Fourteen studies were included after full-text screening. A total of 134 patients were described,
of which the majority (74.9%) had functional reconstructions in the lower extremity. Radiotherapy and
chemotherapy were administered in 60.3% and 49.4% respectively. Free functioning muscle transfers
were used in 41.0% of all cases, tendon reconstructions in 58.2%, and nerve reconstructions in only 12.7%.
A wide variety of outcome measures were used. Most patients regained good functionality, also after
multimodal treatment. Unfavorable outcomes were often related to flap failure or allograft tendon
rupture.

Conclusion: Functional reconstructions in extremity STS are rarely described, but generally result in good
functionality in spite of multimodal treatment. Early participation of reconstructive surgeons may help
achieve ideal functional and oncological outcomes.
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Introduction

With an annual incidence of approximately 4 cases per 100,000,
soft-tissue sarcomas (STS) comprise 1% of adult cancers [1]. Around
15% and 35% of all STS arise in upper and lower extremities
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respectively [2]. Resection with clear margins remains key to
improve survival and diminish local and distant recurrences [3,4].
While amputation was not uncommon in the past, limb-sparing
surgery (LSS) has become standard of care as it improves func-
tionality providing it does not decrease local control [5,6]. Radio-
therapy is often part of limb-sparing treatment for local control and
many centers are increasingly preferring preoperative to post-
operative radiotherapy because it has lower long-term toxicities,
albeit its higher postoperative complication rates [7—12].

The rise of limb-salvage surgery has partly been due to a com-
bination of improved local control using radiotherapy and an
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increase in reconstructive possibilities, but the main goal of plastic
surgery has traditionally been soft tissue coverage [13]. Functional
reconstructions, the replacement of lost functions due to complete
muscle, tendon, or nerve resections, are gaining popularity in
trauma cases but still little can be found in STS literature [13—15].
This is in contrast with the reconstruction of major arteries, and to a
lesser extend veins, which are more common practice in centrally
located sarcoma, especially in leiomyosarcoma where the tumor
derives from a vein. Several reasons may underlie the latter. Firstly,
in most cases where muscles are resected, the remaining muscles
are able to hypertrophy after resection and partially replace the
function of the resected muscle [16]. Secondly, about a quarter of
STS grow superficially, obviating the need for large muscle resec-
tion [17]. Thirdly, the focus of treatment is obtaining adequate
margins and improving oncological outcome, as well as preventing
major complications or wound healing problems. Therefore,
research has not focused on the potential role of functional re-
constructions so far. Finally, the rather poor prognosis of some STS
patients and limited knowledge of rehabilitation may withhold
surgeons to consider such reconstructions. As a result functional
reconstructions are often not implemented as common practice
[13,14,18]. It should be noted that not only motor deficits are
regarded as functional deficits; sensory loss may also be present
after resection of sensory or mixed nerves.

Achieving clear margins in LSS may often be compromised by
involvement of critical structures such as nerves, bones, or arteries
[19]. Resection of aforementioned structures can result in large
functional deficits [19—24]. Techniques as preoperative limb
perfusion, preoperative radiotherapy, and epineural dissection are
several ways that have shown to diminish the need for resection of
such critical structures [8,25—27]. However, their resection is
sometimes inevitable, especially when the tumors are encasing
major structures or are deriving from major structures such as
MPNSTs which may originate from large nerves. Frequently, such
involvement is considered an indication for amputation because of
its anticipated functional deficit [19,28,29]. However, since STS has
a relatively high incidence at a younger age, and treatment options
are slowly improving, more STS patients will become long-term
survivors [30], resulting in an increased amount of patients with
lifelong disabilities.

The purpose of this review is to summarize current literature on
functional reconstructions used in extremity STS and assess their
feasibility and outcomes in light of multimodal treatment. This may
help sarcoma teams to improve selection of future candidates for
such reconstructions before initial treatment.

Methods
Literature search

A systematic search was performed in both PubMed and Embase
databases according to the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analysis) guidelines, in order to
identify all potentially relevant articles as of July 2018. The search
string was built with the help of a professional librarian using
search terms related to “soft tissue sarcoma” and “functional
reconstruction”. The exact search syntaxes for PubMed and Embase
are shown in Supplementary Table S1. Studies were included that
evaluated outcomes of functional reconstructions after soft tissue
sarcoma resection. Only free functioning muscle transfers, tendon
reconstruction using transfers or allografts, or any nerve recon-
struction were considered a functional reconstruction. Replanta-
tion of tendons or muscles after tumor excision was not regarded as
such. Exclusion criteria included lack of full text, outcomes not
stratified for soft tissue sarcomas, case reports, no use of functional

outcome measures, no human studies, and languages other than
English, Dutch, French, or German. The initial review was con-
ducted by two independent authors (E.M. and M.].D.). Disagree-
ments were solved through discussion, in which one additional
author was involved (J.H.C.).

Data extraction and synthesis

All data was extracted at an individual patient level and
included tumor grade (high/low), tumor site, treatment with
radiotherapy or chemotherapy, reconstruction(s) performed,
oncologic (survival, local recurrence, metastasis) and functional
outcomes, and duration of follow-up. Patients with bone sarcomas
or non-extremity sites were excluded from qualitative synthesis, as
well as patients with incomplete outcome data. Patients were also
excluded in case of soft tissue coverage only, or in case individual
patient data in tables and article text did not clarify if functional
reconstruction was performed. Results were summarized and
stratified per anatomical site: shoulder, upper arm, forearm, hand/
wrist, upper leg, and lower leg. In each study the mean of each
functional outcome was calculated per muscle group.

Results

After removal of duplicates, a total of 2902 citations were
identified in PubMed and Embase databases. 736 potentially rele-
vant articles were selected through title/abstract screening, of
which 14 studies remained for qualitative synthesis after full-text
screening (Fig. 1).

Study characteristics and multimodal treatment

All studies were small retrospective cohort studies or case series
describing a total of 134 patients with any form of functional
reconstruction after extremity STS resection (Table 1). Of all re-
constructions 26% were performed in the upper extremity and
74.9% in the lower extremity, which is in line with the anatomical
distribution of sarcomas. Reconstructions were generally per-
formed if loss of a major muscle was anticipated or present due to
large or complete muscle group resection, tendon resection, or
major nerve resection. Free functioning muscle transfers were used
in 41.0% of all cases, tendon reconstructions in 58.2%, and nerve
reconstructions in 12.7%. Most studies included patients with high
grade sarcomas, which resulted in 60.3% (range: 0—100%) of all
cases using radiotherapy, and 49.4% (range: 0—70%) chemotherapy.
A wide variety of functional outcome measures were used, of which
the Musculoskeletal Tumor Society scoring system (MSTS) and
Medical Research Council muscle grade (MRC) were most
commonly used.

Shoulder and upper arm

Four different studies included reconstructions of shoulder
and upper arm functions in 13 patients (Table 2). The deltoid
muscle was most commonly reconstructed with a pedicled
innervated latissimus dorsi flap (LD), but a free functioning
tensor fascia lata (TFL) flap was also described. Both operations
yielded good muscle grades (M4), good range of motion in
shoulder abduction, and high MSTS scores (both >90%). Loss of
elbow flexion was commonly reconstructed with the use of a
pedicled LD [13,31], but a free functioning gracilis transfer has
also been performed [31]. Although relatively low MSTS scores
were seen on average in one study (63.3%), patients did regain
M4 elbow flexion [31]. Toronto Extremity Salvage Scores (TESS)
were however excellent in another study (98.7%) [13]. The latter
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Fig. 1. Flowchart depicting study selection.

study also presented one patient with loss of elbow extension
reconstructed with the use of a pedicled LD as well yielding good
results (TESS =100%) [13]. All studies that evaluated muscle
grade, showed that all patients regained at least M3 muscle
power, regardless of multimodal therapy.

Forearm

Functional reconstructions in forearm compartments are
described in four studies in nine patients. Loss of function in the
flexor compartment was either reconstructed by tendon transfers
[13] or a free LD flap [32]. Lost extensor compartment function,
leading to either loss of wrist extension, finger extension, or a
combination, was reconstructed with a free gracilis flap [32,33], a
free LD flap [32], or a composite anterolateral thigh flap (ALT) [34].
A composite ALT may contain part of the vastus lateralis, TFL, and
iliotibial band. All patients regained reasonable muscle grade (M3-
4) and reasonable to excellent MSTS scores (66.7—100%) and TESS
(61.3—92.6%) [34]. No nerve reconstructions have been described in
these studies.

Hand and wrist

Defects after STS in hand and wrist area are diverse and ac-
cording to each specific deficit three different studies describe their
reconstructions performed in 13 patients [13,35,36]. One study
specifically reported on thumb reconstructions after STS [35]. These
were commonly reconstructed with tendon transfers, but a suc-
cessful toe-to-thumb reconstruction has also been described. On
average, high MSTS scores were yielded (95.2%). Other deficits of
the hand occurred after tendon resections or resection of digital
nerves. Tendon defects of other fingers could often be recon-
structed with the use of allografts or tendon transfers [13,36].
Functional results were variable, but of the three unfavorable out-
comes, one was related to tendon rupture [13]. Digital nerve defects
and median nerve defects were reconstructed with the use of sural
nerve grafts or lateral antebrachial cutaneous nerve grafts [35,36].
In one study, no neuropathic pain was observed after nerve
reconstruction [36]. No other sensibility outcome measures were
described. No study reported cases of nerve transfers used to
restore sensation in the hand.
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Table 1
Study characteristics.
Study, year Patients Reconstructions High grade Other treatment Functional outcome measure F—U (mo)
Total UE  LE FEMT Tendon Nerve MO8 Rx cx
Doi et al., 1999 17 11.8% 882% 100% 29.4% 5.9% Yes 0% 64.7% MSTS, MRC, ROM lag, walking aid 60 (27—106)
Fischer et al., 2015 43 0% 100% 0% 100% 0% NA 51.2% 27.9% ROM, strength, Karnofsky, QoL, 66 (22—107)
satisfaction, walking aid
Grinsell et al., 2012 18 16.7% 823% 100% 0% 11.1%  Yes 100% 0% MSTS, MRC, LEFS, DASH 18 (6—42)
Gunterberg et al.,, 1980 2 0% 100% 0% 100% 0% No NA NA ROM, strength 40 (36—44)
Innocenti et al., 2009 10 0% 100% 100%  40% 0% Yes 80% 70% MSTS, MRC 69 (21-136)
Mehrara et al., 2008 7 100% 0% 0% 71.4% 571% NA 28.6% 0% MSTS 47 (NA)
Melendez et al., 2001 6 0% 100% 0% 0% 100% NA 83.3% 50% MRC, S 12 (5—42)
Mirous et al., 2016 3 100% 0% 0% 100% 66.7%  Yes 33.3% 66.7% MSTS, DASH, VAS 54 (12—156)
Mundinger et al., 2014 12 100% 0% 0% 100% 0% Yes 83.3% NA TESS 43 (NA)
Muramatsu et al., 2009 4 100% 0% 100% 0% 0% Yes 0% NA MSTS 69 (12—173)
Muramatsu et al., 2014 4 100% 0% 0% 100% 0% Yes NA NA MSTS, MRC, ROM 50 (12—106)
Stranix et al., 2017 4 0% 100% 100% 0% 0% Yes NA NA MSTS 22 (20-36)
Tokumoto et al., 2018 2 0% 100% 0% 0% 100% Yes NA NA MRC, S 12 (3—24)
Walley et al., 2017 2 0% 100% 100% 0% 0% Yes 100% 50% MSTS, KSS, ROM, MRC, walking aid 19 (17—21)
Total 134 26.1% 749% 41.0% 58.2% 12.7% 60.3% 49.4%

DASH: disability of arm, shoulder, and hand, FFMT: free functioning muscle transfer, F—U: follow-up, KSS: knee society score, LE: lower extremity, mo: months, MRC: medical
research council muscle grade, MSTS: musculoskeletal tumor society rating scale, N: number of, NA: not available, No. pt: number of patients, QoL: quality of life, ROM: range
of motion, S: sensibility, TESS: Toronto extremity salvage score, UE: upper extremity, VAS: visual analog scale.

Table 2

Average functional outcomes in upper extremity reconstructions.

Study Flaps (N) Objective measures® Subjective measures®
MRC ROM MSTS DASH TESS VAS
Shoulder& upper arm Deltoid
Doi et al. TFL (1) 4.0 0° lag 93.3%
Muramatsu et al. Pedicled LD (4) 3.8 164° 91.5%
Trapezius
Grinsell et al. Pedicled LD (1) 5.0 100% 0
Biceps
Grinsell et al. Pedicled LD (1), gracilis (1) 4.0 63.3% 225
Mundinger et al. Pedicled LD (3) 98.7%
Triceps
Mundinger et al. Pedicled LD (1) 100%
Forearm Flexor compartment
Mundinger et al. TT: FDS to FCR (1), PL to FPL (1) 77.0%
Muramatsu et al. LD (1) 83.3%
Extensor compartment
Doi et al. Gracilis + PL (1) 3.0 30° 93.3%
Muramatsu et al. Gracilis (2), LD (1) 4.0° 88.9%
Stranix et al. Composite ALT (1) 80%
Hand & wrist Hand
Mehrara et al. Toe-to-thumb (1) 95.2%
TT: FDS to FPL (2), ECR to EPL (1),
FPL to P1 (1) LABCN (2), sural nerve (1)
Mirous et al. Allografts: finger flexion (2)TT: PL to 75.3% 213 0
ECRL and ECRB (1), EIP to EPL (1),
hemiFCR to APL (1)Sural nerve (2)
Mundinger et al. Allografts: finger flexion (1), finger 65.1

extension (1), wrist extension (1)

APL: abductor pollicis longus DN: digital nerve, ECRB: extensor carpi radialis brevis, ECRL: extensor carpi radialis longus, EIP: extensor indicis proprius, EPL: extensor policis
longus, FCR: flexor carpi radialis, FDS: flexor digitorum superficialis, FPL: flexor pollicis longus, LABCN: lateral antebrachial cutaneous nerve, LD: latissimus dorsi flap, P1: first
phalanx, PL: palmaris longus, TFL: tensor fascia lata flap, TT: tendon transfer.
2 DASH: disability of the arm, shoulder, and hand questionnaire (0—100 points, higher score correlates to larger disability), MRC/MMT: medical research council muscle
grade/manual muscle testing (0—5), MSTS: musculoskeletal tumor society scale (0—30 points, higher score correlates to higher function), ROM: range of motion (degrees),
TESS: Toronto extremity salvage score (0—150 points, high score correlates to higher function), VAS: visual analog scale (0—10).
> MRC outcome only given in one case.

Upper leg and hip

Eight studies reported a total of 89 patients with reconstructions
of upper leg and hip functions (Table 3). After resection of the
complete hamstrings, knee flexion was regained with the use of
free innervated LD flaps, resulting in good functional outcomes
(M3-4, MSTS 63.3—86.7%) [31,33]. One patient did not regain active

knee flexion (M2) which resulted in the use of a static knee brace
and the lowest MSTS score (63.3%) [33]. Loss of knee extension
function was most commonly reconstructed with a free LD flap as
well, but a gracilis or sartorius tendon transfer was concomitantly
performed in cases with complete quadriceps resection [33,37].
Outcomes were variable ranging from M2-5. A total of 3/17 patients
did not regain more than M2 muscle power, most of which resulted
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Table 3
Average functional outcomes in lower extremity reconstructions.

Study Flaps (N) Objective measures” Subjective measures®
MRC ROM S MSTS KSS LEFS SF-36 Karnofsky
Upper leg & hip Hamstrings
Doi et al. LD (5) 3.2 20° lag 82.7%
Grinsell et al. LD (4) 4.0 91.2% 63.5
Quadriceps
Doi et al. LD (6) + gracilis (3), RF + gracilis (1) 3.7 9° lag 90.5%
Fischer et al. BF (17) +/— gracilis or semitendinosus (6) 4.0 66% 78% 82
Grinsell et al. Gracilis (1), TRAM (2) 5.0 100% 72.3
Innocenti et al. LD (10) + sartorius (4) 2.8 Good®
Stranix et al. Composite ALT (1) 76.7%
Walley et al. Composite ALT (2) 4.5 5-75° 71.7% 77
Adductors
Doi et al. LD (1) 3.0 0° 96.7%
Grinsell et al. Gracilis (1), RA (1) 4.5 86.7% 69.0
Gluteus
Grinsell et al. LD (1), TRAM (1) 5.0 100% 80.0
Sciatic nerve
Melendez et al. Peroneal nerve (5) +/— sural nerve (3) Knee: 5.0 Protective
Ankle: 2.0
Tokumoto et al. Vascularized sural nerve (2) Knee: 4.0 Protective
Ankle: 1.0
Lower leg Anterior compartment
Doi et al. Gracilis (2) 3.5 0° lag 95.0%
Grinsell et al. Gracilis (1) 5.0 100% 78.0
Gunterberg et al.  TT: TP to EDL and PT (2) 0-5°
Stranix et al. Composite ALT (2) 85.0%
Posterior compartment
Grinsell et al. LD (1), gracilis (1), parascapular + sural nerve(1) 4.0 91.1% 55.0

ALT: anterolateral thigh flap, BF: biceps femoris muscle transfer, EDL: extensor digitorum longus, KSS: knee society score, LD: free functioning latissimus dorsi muscle flap,
LEFS: lower extremity functional scale, MRC: medical research council muscle grade, MSTS: musculoskeletal tumor society rating scale, N: number of, PT: peroneus tertius,
ROM: range of motion, RA: rectus abdominis muscle flap, RF: free functioning rectus femoris muscle flap, SF-36: short-form 36, TESS: Toronto extremity salvage score, TFL:
tensor fascia lata flap, TP: tibialis posterior muscle, TRAM: transverse abdominal muscle flap, TT: tendon transfer.

4 = DASH: disability of the arm, shoulder, and hand questionnaire (0—100 points, higher score correlates to higher disability), Karnofsky: Karnofsky performance status
scale (0—100, higher score correlates to higher function), KSS: knee society score (0—100 points, higher score correlates to higher function), LEFS: lower extremity functional
scale (0—80 points, higher score correlates to higher function), (0—5), MRC/MMT: medical research council muscle grade/manual muscle testing (0—5), MSTS: musculoskeletal
tumor society scale (0—30 points, higher score correlates to higher function), ROM: range of motion (degrees), SF-36: short-form 36 (8 subdomains, total: 0—100%, higher score

correlates higher well-being).
b no specified percentages.

in a fair MSTS score. In one patient with flap failure, knee extension
was completely absent and a poor MSTS score was observed [37].
Two studies evaluated the effect of a contralateral composite ALT
flap, which showed good muscle grade (M4-5) and reasonable
MSTS scores (63.3—80%) [34,38]. A free rectus femoris flap, trans-
verse abdominal muscle flap (TRAM), and free gracilis flap have also
been described all of which yielded high functional outcomes (M4-
5, MSTS 100%) [31]. Tendon transfers using the biceps femoris
tendon for reconstruction of knee extension have been described in
one study which resulted in an M4 muscle grade on average [39].
These tendon transfers sometimes included a gracilis or semite-
ndinosus tendon as well, depending on surgeon preference. How-
ever, such additional tendons did neither increase power nor
functionality, but did increase wound dehiscence and lymph edema
rates [39]. Adductor muscles of the leg were reconstructed using
either a free LD, free gracilis, or a free rectus abdominis flap [31,33].
All of which regained reasonable to excellent muscle power (M3-5)
and good MSTS scores (86.7—96.7%). Reconstruction of the gluteal
muscle after STS resection has also been described in one study
[31]. Either a free LD flap or TRAM was used, both resulting in M5
hip extension and 100% MSTS scores. Sciatic nerve reconstruction
after STS resection was described in two studies [40,41]. Gaps of
11—19 cm were reconstructed using peroneal nerves or (vascular-
ized) sural nerves. Both studies combined, more than half of all
patients regained protective sensation of the foot sole, but all pa-
tients regained some protective sensation in any part of the foot at
least one year postoperatively [40,41]. Also, while motor function of

the lower leg commonly sustained, knee flexion was often un-
harmed. In one study, only two patients regained M3-4 dorsiflexion
and plantar flexion [40].

Lower leg

Functional deficits of the lower leg were reconstructed in four
studies describing 10 patients. The anterior compartment of the
lower leg mainly provides foot and hallux dorsiflexion and has been
reconstructed in seven patients. Both free flaps and tendon trans-
fers were performed. Two studies described a free gracilis transfer
resulting in good muscle power (M3-5), and excellent MSTS scores
(90—100%) [31,33]. Composite ALTs also resulted in good results in
one study [34]. A tendon transfer of the tibialis posterior to the
extensor digitorum longus and peroneus tertius showed that the
foot could remain in neutral position, but dorsiflexion beyond that
point was minimal [42]. The posterior compartment's primary
function is plantar flexion. One study describes reconstructions of
this compartment using either a free LD, gracilis or parascapular
flap and sural nerve [31]. These reconstructions generally provided
good motor function (M3-5) and high MSTS score (83.3—100%).

Surgical complications
A total of 31 patients (23.8%) had postoperative complications.

Most of these complications (67.7%) were wound-related, such as
superficial infections, wound dehiscence, and seroma. Other
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complications that occurred were lymph edema (n=>5), venous
thrombosis (n = 2), fistula (n =1), hematoma (n= 1), and femoral
fracture (n=1). Most complications (51.6%) were reported by a
single study using different biceps femoris transfer for the resto-
ration of knee extension [39]. Overall, flap failure occurred in two
patients [31,37]. One patient had a pedicled LD for reconstruction of
arm flexion which was replaced with a free gracilis flap after which
an M4 muscle grade was obtained [31]. The other patient ended up
with poor functional outcomes [37]. Tendon rupture after recon-
struction of the hand occurred in one patient as well, which also
resulted in a poor MSTS score [13]. Both patients did not receive
radiotherapy or chemotherapy in any modality, but do show that
failed reconstructions give poor functional outcomes.

Discussion

Functional reconstructions in extremity STS are uncommon, yet
good muscle grades and high functional outcome scores can be ex-
pected when performed even if radiotherapy and chemotherapy are
used. Poor outcomes are seen after flap failure, which are not
restricted to patients with multimodal therapy. Reconstructions are
most commonly used after resection of a complete muscle group.
The type of reconstruction depends mainly on the defect size and
location. While large muscles in proximal extremities will need
larger muscle transfers to restore function, more distal defects often
require tendon repair by transfer or grafting. Nerve reconstructions
using grafts or transfers are also possible in selected cases, yet have
rarely been described. Such reconstructions are especially of interest
in distal extremities to restore both motor and sensory function.

Reconstructions in STS

As limb salvage surgery has emerged as standard of care over
the past decades and reconstructive possibilities have increased, an
increasing amount of extremity STS patients survive with salvaged
limbs. However, in a few cases resection of neurovascular bundles
and/or complete muscle compartments is inevitable [19].
Depending on location and extent of muscle resection different
degrees of disability will arise. Unfortunately, almost no studies
report on the difference in functionality between patients under-
going a resection for STS only and patients that undergo functional
reconstruction alongside resection. One study showed that in lower
extremity STS receiving functional reconstructions had improved
function [18]. Moreover, it was shown that albeit slightly longer
operative times and length of hospital stay, functional re-
constructions added up to be cost-effective [18]. Selection of ideal
candidates is however important when considering functional re-
constructions preoperatively. Resection of many muscles and ten-
dons and even some nerves do not result in significant functional
deficits. For instance in upper leg STS, only resection of three or four
heads of the quadriceps muscle or the complete hamstring
compartment will result in a considerable impairment as remain-
ing muscles are not able to fully compensate for the resected
muscle [16,33]. However, few cases in this study that have poor
muscle function because of a ‘failed’ reconstruction, do show that
MSTS scores are lower compared to their ‘successful’ counterparts
and more commonly require postoperative use of braces.

Reconstruction of the sciatic nerve also remains a topic of
debate. Whereas some authors do not advocate restoring it [43,44],
others do recommend it [40,41,45]. Indeed, recovery of motor
function should not be anticipated, especially of the peroneal
compartments [46], but studies included in this review do show
that protective sensation of the foot can be acquired within little
over a year [40,41]. Sural nerve grafts are commonly used because
of their length, easy harvest, and low donor site morbidity as they

generally only supply sensation to a part of the lateral foot and
lower leg. [47] However in nerve reconstructions of large gaps,
higher patient age should be considered as a contraindication
because of its notorious negative effect on nerve regeneration [48].
The use of postoperative radiotherapy should on the other hand not
necessarily be considered as a hard contraindication for nerve
reconstruction, as it may not significantly affect functional out-
comes [49]. However, nerve reconstruction itself may be compli-
cated by preoperative radiotherapy which should be considered
when planning a treatment plan. Timing of functional re-
constructions is difficult, but direct reconstruction (within 2—3
weeks) seems to be preferred over a delayed surgical reconstruc-
tion [50—53]. This ensures an early start of rehabilitation, which is
even more important to obtain good results after such re-
constructions [51—53]. Additionally, less complications occur and
fibrosis is not yet present which complicates delayed re-
constructions since adequate vessels and nerves may be difficult to
find [50—53]. In high-grade STS achieving clear margins may be
essential before performing any type of reconstruction. Also, one
must consider that nerve regeneration in FFMT and nerve re-
constructions can take several months before reaching its target
[33]. In contrast, tendon transfers result in immediate function
restoration and could be considered in cases where early recovery
is needed [54]. Nerve transfers are also increasingly used in trau-
matic nerve injuries and are becoming standard of care in brachial
plexus surgery [55,56]. These reconstructions provide the oppor-
tunity to restore nerve function distal to the defect, thus decreasing
the time to recovery. In extremity STS this may also imply recon-
structing outside of possible radiation fields.

Multimodal treatment and reconstruction in STS

Although LSS is performed for functionality purposes, in STS
oncologic treatment should of course have priority in almost any
case. This means that clear margins are essential, especially in high
grade STS. Studies have however shown that the early participation
of a plastic surgeon can yield higher rates of clear margins if free
flaps are considered at an early stage [57,58]. The effect of
chemotherapy and radiotherapy in functional reconstructions has
not been thoroughly investigated. Studies included in this review
however showed that all but one flap survived, and generally only
minor complications occurred. One study did report radiotherapy
induced fractures which ultimately affected functional outcomes
[37]. Another series showed no negative effect of radiotherapy on
functional outcomes after biceps femoris transfer for the recon-
struction of knee extension [39]. In LSS generally, multiple studies
have shown that preoperative radiotherapy does not increase
complications when flaps are used [59—63]. These studies are
however in contrast to the trial by O'Sullivan et al. [11] and other
LSS studies [7—10]. In case postoperative radiotherapy is adminis-
tered, free flap surgery can facilitate early start of treatment [64].
Also, complications may possibly be diminished when flaps are
used compared to no flap usage [61,63—65]. Besides, restoration of
function may alleviate the need for orthoses [33], which are diffi-
cult to wear on irradiated skin. Overall, the use of functional re-
constructions does not seem to impede the use of either pre- or
postoperative radiotherapy. The effects of chemotherapy are less
frequently addressed in literature, but its use in LSS does not seem
to increase complications regardless of sequence [66,67].

Strengths and limitations
Main limitations to our study include the large heterogeneity

among studies and their patients, as well as the low amount of
patients treated with functional reconstructions. Direct comparison
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between studies and flaps used is complicated due to the different
defects being reconstructed and the diversity in outcome measures
used. Also, with only a small amount of cases with differing tumor
grades, location, and indications for multimodal treatment may
have differed. As such, investigating the correlation of multimodal
treatment to functional outcomes is impaired. Nonetheless, this
study shows encouraging outcomes for the use of functional re-
constructions. These results may stimulate sarcoma teams to
incorporate early participation of experienced reconstructive
plastic surgeons and rehabilitation teams. Such cooperation may
result in facilitating wider tumor excision as well as planned
preservation of certain structures needed for reconstruction. In
order to increase our understanding of outcomes, future studies on
limb salvage in STS patients should preferably differentiate func-
tional reconstructions from soft-tissue coverage only. Additionally,
when investigating outcomes of functional reconstructions, future
studies are to be stimulated using both objective outcome mea-
sures assessing true muscle or sensory function and subjective
outcome measures. This may further help elucidate expected out-
comes and select ideal candidates. As such, sarcoma teams will
increasingly be capable to incorporate functional reconstructions as
part of their treatment strategy in extremity STS.

Conclusion

Functional reconstructions in extremity STS are uncommon in
literature. However, resection of major nerves or complete muscle
groups can lead to loss of specific functions. Reconstructions of
nerves, muscles, and tendons can potentially improve function. As
numerous options exist, the choice of reconstruction depends
mainly on patient and tumor characteristics, such as size and
location. Multimodal treatment does however not preclude suc-
cessful restoration of function. A patient-tailored approach is
needed to balance appropriate oncological resections with optimal
functional outcome.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.ejs0.2019.05.024.
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