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How to measure success in lower extremity reconstruction, which outcome
measurements do we use a systematic review and metanalysis

Inga S. Besmens™

, Florence E. Zoller*, Marco Guidi, Pietro Giovanoli and Maurizio Calcagni

Department of Plastic Surgery and Hand Surgery, University Hospital Zurich, University of Zurich, Zurich, Switzerland

ABSTRACT

Different factors have to be considered and weighted in the treatment algorithm of lower extremity
reconstruction. A combination of both clinicians’ and patients’ perspectives is necessary to provide a con-
clusive picture. Currently, there aren’t any standardized and validated measurement data sets for lower
extremity reconstructions. This makes it necessary to identify the relevant domains. We, therefore, per-
formed a systematic review and metanalysis of outcome measurements and evaluated their ability to
measure outcomes after lower extremity reconstruction. A systematic review and metanalysis according
to the ‘Preferred Reporting Items for Systematic Reviews and Meta-Analyses’ protocol were performed for
studies reporting at least one structured outcome measurement of lower extremity reconstruction. Both
Patient (PROMs)- and Clinician reported outcome measurements (CROMs)were analyzed. Of the 2827
identified articles, 102 were included in the final analysis. In total 86 outcome measurements were identi-
fied, 34 CROMs, 44 PROMs and 8 (9.3%) outcome measurements that have elements of both. Twenty-four
measure functional outcome, 3 pain, 10 sensations and proprioception, 9 quality of life, 8 satisfaction
with the result, 5 measure the aesthetic outcome, 6 contours and flap stability and 21 contain multido-
main elements. A multitude of different outcome measurements is currently used in lower extremity
reconstruction So far, no consensus has been reached on what to measure and how. Validation and
standardization of both PROMs and CROMs in plastic surgery is needed to improve the outcome of our
patients, better meet their needs and expectations and eventually optimize extremity reconstruction by
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enabling a direct comparison of studies’ results.

Introduction

The reconstruction of complex tissue loss in the lower extremity
is often challenging. Many different factors have to be considered
and weighted in the treatment algorithm, with the best possible
functional recovery of the limb as the ultimate goal. Clinical
results however are not enough anymore to describe treatment
results, in fact, a lot more is necessary to really understand
patients’ needs with the overall goal to improve outcomes. Lower
extremity reconstruction is complex as it often has to address
multiple components, both bone and soft tissues. Different out-
come measurement tools were developed to assess this complex-
ity but are not able to describe the outcome both for the point
of view of the clinician and that of the patient [1]. Surgical out-
comes focused on complications and function from the physi-
cian’s viewpoint provide valuable information but do not provide
a complete picture. To this end, as in other areas of healthcare,
the patient-reported outcomes have become an integral part of
assessing the quality and efficacy of care delivered [2]. Only a
combination of both clinicians’ and patients’ perspectives can
help to provide a conclusive picture of the outcome. Currently,
however there aren’t any standardized and validated measure-
ment data sets for lower extremity reconstruction. Therefore, it is

necessary to start from the foundation and identify the domains
which are really relevant for the different stakeholders, first of all,
patients and surgeons. An additional challenge is the small size of
study cohorts in reconstructive plastic surgery that leads in many
cases to studies with a relative low level of evidence. This is also
the reason why physicians rarely have sufficiently reliable data
about expected results and potential complications that can be
easily explained to non-experts with misunderstandings and even-
tually unmet patients’ expectations as a consequence [3]. Some
surgeons have tried to address this lack of evidence by creating
their own outcome measurement tools, which furthermore
increases the difficulty to compare study outcomes and makes
apparent the necessity to build a minimal data set. Choosing the
appropriate outcome measurements is crucial to understand the
patient’s needs and accordingly choose the right treatment. Also,
it is pivotal to plan and to carry out studies, to enable comparison
between similar studies and finally to draw conclusions with a
clinical impact as inappropriate outcome measurements can
generate misleading results [4]. For these reasons, we decided to
perform a systematic review and metanalysis of the outcome
measurements currently available (PROMs and CROMs) and to
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evaluate their effectiveness to measure outcomes after lower
extremity reconstruction.

Materials and methods
Overview

A systematic review was carried out to identify any studies report-
ing PROMs and CROMs to assess the results of lower extremity
reconstructions. Title and abstract screening, full-text review and
data extraction were handled independently by two reviewers
(ISB and FEZ), and disagreements at any stage were resolved by
discussion and consensus. Persisting disagreements were resolved
by discussion with a third reviewer (MC). We followed the
Preferred Reporting Items for Systematic Reviews (PRISMA) proto-
col [5]. This review was registered on PROSPERO (www.crd.york.ac.
uk/prospero, Record ID: 42021219425).

Search strategy

The PubMed/MEDLINE, EMBASE, Cochrane and Web of Science
database were searched to identify eligible articles. The search
strategy included combinations of the following terms: lower
extremity; reconstruction; leg; lower limb; foot; knee; tight; heel;
toe; tibia; flap and microsurgery (see Table S1, Supplementary
Material). Word variations and exploded medical subject headings
were searched for whenever feasible. Additionally, reference lists
were hand-searched to identify further studies of interest. The last
systematic search was conducted on 27th November 2020.

Study selection

Only in-vivo clinical studies enrolling adults over sixteen were
considered. As a small number of controlled trials was anticipated,
prospective and retrospective single-arm cohort studies and case
series of more than five individuals were also included. Inclusion
criteria were studies on patients with flap-based soft tissue recon-
struction of the lower extremity and at least one outcome meas-
urement, whether functional, sensation and proprioception, pain
sensation, aesthetic, patient satisfaction or overall quality of life
and whether a CROM or PROM. Flap survival itself and complica-
tions were not considered as outcome measurements.
Questionnaires and scores, created by authors for a specific study,
often an assembly of various clinician and patient-reported out-
come measurements, were considered and listed as a separate
outcome measurement.

Exclusion criteria were: all animal studies, studies reporting
only on outcomes of bone flaps without soft tissue transfer, stud-
ies where outcome measurements were used only to analyze flap
donor-site outcome. Furthermore, articles older than 10years or
not in English were excluded. Exact cohort duplicates were
excluded, although we did include updates of previously pub-
lished cohorts with a sample size increase of at least 50%. We
report our review process in the flow diagram following the four
stages of the PRISMA statement (Figure 1) [5,6].

Data extraction and quality assessment

We extracted the following information, if available, from all
included publications: study design and year of publication, coun-
try of study conduction, number of patients, mean age, gender
distribution, flap type, indication, defect size, donor site, recipient
site, number of outcome measurements and follow up time. To
assess the identified outcome measurements we described each

outcome measure qualitatively and extracted the following data
for each of them if available: outcome measure type (PROM,
CROM), mode of administration, assessment requirements, range
of scores and instrument validity. We defined outcome measure
validity according to the consensus-based standards for the selec-
tion of health measurement instruments (COSMIN) guidelines
[7,8]. Validity refers to the degree to which an instrument meas-
urements the outcome that it is meant to measure, content valid-
ity (relevancy, comprehensiveness and comprehensibility),
construct validity (including structural validity, hypotheses testing
and cross-cultural validity\measurement invariance) and criterion
validity are different components [7,8].

Results

Our search resulted in 4630 studies, 1575 were found in
Pubmed/MEDLINE, 1362 studies in EMBASE, 51 studies were found
in the Cochrane database and 1642 in Web of science. After the
removal of duplicates, the titles and abstracts of 2827 studies
were manually screened. Eventually, 102 studies from 23 different
countries, referring to 86 different outcome measurements were
included [1,9-109]. The review process is shown in Figure 1 and
an overview of included studies is given in Table 1.

The included studies reported on lower extremity reconstruc-
tion with any of the following flaps, either free or pedicled:
anterolateral thigh (ALT), gracilis, latissimus dorsi, anterior serratus,
gastrocnemius, sural, medial plantar, tibial, fibula, deep inferior
epigastric perforator (DIEP), superficial circumflex iliacal artery per-
forator (SCIP), parascapular, scapular and radial forearm. Forty-
three (42.2%) studies reported on outcomes of free flaps, 38
(37.3%) on pedicelled flaps outcomes and 14 (13.7%) report out-
comes of both. In 7 (6.9%) studies the flap type was not reported.
Mean follow-up in the studies assessed ranged from 12 to
80 months.

Thirty-four (39.5%) identified outcome measurements are
CROMs and 44 (51.1%) are PROM:s.

Eight outcome measurements were a combination of CROMs
and PROMs. The function of the reconstructed extremity was
measured with 16 different CROMs and 8 PROMs. The aesthetic
outcome was measured with 3 CROMs and 2 PROMs, sensation
and proprioception with 9 clinician-reported instruments and one
PROM and pain with 3 PROMs. The general quality of life was
assessed with 9 PROMs and satisfaction with 8 PROMs. Thirteen
PROMs consisted of elements from multiple domains. However,
many measurements were not performed according to uniform
and standardized protocols and instructions given to participants,
test protocols and analysis of results profoundly varied across
studies for many identified measurements. An overview of all out-
come measurements and their brief description and characteristics
is listed in Table 2.

Validated CROMs

The most frequently applied validated CROM was the static two-
point discrimination (s2PD) test (n=18 publications; 17.6%) with
a cumulative number of 464 reported subjects. Other frequent
applied CROMs were the Semmes-Weinstein monofilament (SWM)
test (n=11 publications; 10.8%; n=271 patients) and Range of
Motion (ROM) (n=15 publications; 14.8%, n=587 patients). For
the full list refer to Table 2.

Validated PROM:s
The most frequently applied validated PROM was the Lower
Extremity Functional Scale 15 (LEFS) (n=13 publications; 12.7%)
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Figure 1. Flow chart of the reviewing process.

with a cumulative number of 859 reported subjects. Other fre-
quent applied PROMs were the 36-Item Short-Form Health Survey
(n=12 publications; 11.8%) with 420 reported subjects and the
visual analogue pain scale (VAS) (n=8 publications; 7.8%),
n =135 patients). For the full list refer to Table 2.

Non-validated outcome measurements

Seventeen patient-reported questionnaires and scores, 25 CROMs
and 5 clinician- and patient-reported outcome measurements
were found, that are not currently validated for lower extremity
reconstruction.  Non-validated  questionnaires  individually
assembled for a specific study sometimes based on or a combin-
ation of other validated outcome measurements were frequently
found in the literature (Table 3).

Discussion

Reconstruction of complex defects of the lower limb using free or
pedicled flaps is a routine procedure [110]. Evidence on these
complex procedures however is scarce [111]. In order to compare
outcomes it is essential to rely on defined outcome measure-
ments [112]. The goal of this systematic review was thus to

Wrong outcome
(not reporting of outcome
measures)
n=470

Wrong publication type
(case series <5 patients,
review)
n=19

identify the most commonly used outcome measurements in
lower limb reconstruction to aid clinicians with the choice of
appropriate outcome measurements to best follow up their
patients with the overall goal to improve patients’ outcomes. Our
review yielded several noteworthy findings.

Our review showed that there is a wide variety of outcome
measurements currently in use, more than 60. This makes it diffi-
cult to compare outcomes among different studies. The most fre-
quently used outcome measurements are those that have been in
use over the last decades (s2PD, SWM and ROM) and are not
exclusively used in lower extremity reconstruction [113,114]. The
CROM which is most frequently used in studies is the static two-
point discrimination (s2PD) test, used in 16 of the included publi-
cations with a cumulative number of 274 reported subjects.
Range of motion ROM Testing was only used in 13 publications
but with a cumulative population of 417.

Secondly, the majority of outcome measurements used were
CROMs (38%). To realistically describe the outcome a combination
of different types of outcome measurements is needed to capture
at the same time the surgical result and the complications [115].
Well-known clinician-reported outcome measurements are amongst
others flap survival, donor- and recipient-site complications, range
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520 1. S. BESMENS ET AL.

of motion, grip and pinch strength, ability to bear weight, sensa-
tion, length of surgery and length of hospital stay [116,117]. They
are used in determining cost-effectiveness and quality assur-
ance [118].

Additionally to CROMS different PROMs were used in 31 stud-
ies. The importance of PROMs steadily increases and new PROMs
are currently being developed [119,120]. PROMs allow surgeons
and researchers to quantify otherwise intangible outcomes like
form, function and quality of life from a patient’s perspective
[121]. PROMs can be deployed across the patient care journey, to
support diagnosis, disease severity determination, referral path-
ways, treatment decision-making and post-operative care [119].
To address the discrepancy between the patient’s expectations
and the clinicians definition of a successful procedure PROMs are
crucial [119]. The most commonly used PROM was the Lower
Extremity Functional Scale, a self-report condition-specific meas-
urement that yields reliable and valid results and is appropriate
for use as a clinical and research tool [118]. The fact that despite
its introduction only in 1999, it has already been used to rate
results of 793 patients illustrates the growing appreciation for this
tool and more generally the growing awareness for the import-
ance of PROMs use.

Certain outcome measurements (e.g. Vancouver Scar Scale) can
be used as PROMs and CROMs. A comparison of the rating of out-
comes shows that clinicians tend to overrate outcomes compared
to patients [122]. CROMs are well accepted by patients and show
high reliability [123]. It is argued whether PROM results are more
challenging to interpret than objective CROMs due to a higher
inter- and intraobserver variability and subjective PROM scoring
for cultural and other individual reasons [124].

Most studies included only a smaller number of patients and
are retrospective, demonstrating a need for larger studies, ideally
prospective and with some sort of reliable comparison (random-
ized, matched pairs, or similar). Many advances in outcome
research have been achieved in the past two decades enabled by
new information technologies, data sharing and collaborative
efforts but the need for improvement in outcome measurement
methodology used in plastic surgery research remains urgent
[125,126].

There is a tendency toward self-created scores, which are often
used without validation and/or cultural adaptation. Some authors
also assembled their own questionnaire using parts of already
existing outcome measurements [1,79]. We advocate for the use
of validated scores only and hopefully for an internationally rec-
ognized standard set that could be used for all studies and make
outcomes comparable across the world. This is true not only for
CROMs but also for PROMs. Pusic et al. showed in a systematic
review the increasing importance of validated PROMs, the group
found that only few PROMs (in this case used in breast surgery
studies), were validated and had evidence to support their use
[127]. Validation and standardization of PROMs but also CROMs in
plastic surgery is needed [127].

Our review shows that there isn't any accepted ‘gold standard’
in outcome measurements in lower extremity reconstructions, nei-
ther what to measure, nor how or when. In particular, the most
striking finding is that there isn't any agreement about which
domains are important and relevant for clinicians and patients,
that should be included in the analysis. This is the first step for
every reliable analysis and we are convinced that an expert group
should identify these domains together with the instruments to
measure them and, not less important, the time points when to
perform the measurements. based on the literature no single
‘gold standard’ for outcome measurements in lower extremity

Validation

Test protocol and VAS Validated

Requirements

Range of scale

0-100 per section

Brief description of outcome measure
alignment, ligament stability and ROM,

along with deductions for flexion
contracture or extensor lag. A subjective
VAS score of pain, walking, as well as
patient satisfaction, functional activities
and patients expectations are also

included [178,179].

The objective knee score evaluates
AOFAS: The American Orthopedic Foot and Ankle Society Scoring System; BIQLI: Body Image Quality of Life Inventory; ClinROM: clinician-reported outcome measures; CPG: Chronic Pain Grade Scale; EEl: Energy

Studies n(ref)

3 [27,47,105]

Population
116

(KSS)

Outcome measure
The Knee Society Score
Range of motion; SF-12: The 12-ltem Short-Form Health Survey; SF-36: The 36-ltem Short-Form Health Survey; SMFA: The Short Musculoskeletal Function Assessment; SIP: Sickness Impact Profile; SWMT: Semmes—

Weinstein Monofilament Test; s1PS: Static One-Point Test; s2PD: Static Two-Point Discrimination; TAM: Total Active Motion; TESS: Toronto Extremity Salvage Score; VFOI: Validated For Other Intentions; VAS: Visual

Expenditure Index; EQ-VAS: EQ Visual Analogue Scale; FADI: Foot and Ankle Disability Index; FASS: Freiburg Ankle Scoring System; FAOS: Foot and Ankle Outcome Score; FFI: Foot Function Index; FIT: Frequency
Intensity Time Index; FOQ: Flap Outcome Questionnaire; FS: flap stability; HMS: Hamlyn Mobility Score; KSS: The Knee Society Score; LEFS: lower extremity functional scale; METS: metabolic equivalents; MFS: Maryland
Foot Score; NRS: Numerical Rating Scale; ODI: The back-specific Oswestry disability index; OMA: Olerud-Molander Ankle score; PHQ: the Patient Health Questionnaire; PROM: patient-reported outcome measure; ROM:
Analoge Scale; WOMAC: The Western Ontario and MacMaster Universities Osteoarthritis Index; 6MWT: 6 min Walking Test; T0MWT: 10 Min Walking Test, 1 PM: Moving One-Point Test; CROM: clinician-reported outcome
measurements; PROM: patient-reported outcome measure.

Table 2. Continued.

Domain



521

(panupuod)

pasedwod aie 31is Pa1dNIISU0IDI
9} Jo spuswRInsesw [soL'LoL's8'08
pue Ja13woiuoh e yum ‘TL'L9'LS'YY8E
pajepijeA-uon 19)19Woluon lood/poon  painseaw S| (WOY) uonow jo abuey '€€'ZE'0€'87'97°L] SL /85 uonow jo abuey
‘[LEL] painsesw aie dueIsIp
ueaw pue A1dojaA uesw ‘yyed
2JBM0S/ID Kems ‘uolsindxa Jouaisodossjue
pajepijeA-uon -H3AU0D/I0SUIS SUON pue |eId)ejOIPaW SB YINS ‘Sidjaweled [6] L 6 aIn3sod
%001 X quii| Jamo|
paiesado-uou ayy jo yibuans
ueswl/quil| Jamo| pajesado ayy
Jo y1buais uesw e se pajuasaid
9q os|e ued }nsai ay| ‘[0€L]
$92IA3p Buninseaw buisn yum osje
‘1s1X9 suoneuep “(siskjesed = g
1919WwoweuAp ‘ybuans ||Iny = SIW) SN ddueINPUI
palepijeA-uop 10 3uopN SIW-O0W 01 QW Wiy pa1ods sI yibuans spsniy [soL's8'vr'zerL] § 06 pue yibuans spsn
. ‘AyAideur pue ured ‘(snugniap
‘RUAiHsuasul ‘AuaiisuasiadAy
upis) AydonsAp anssi
-}os ‘apjue ayy Jo Aupibu snuinbd
pajepijeA-uoN JuoN Jud|@dx3/1004  ‘dwy| JuedyubIs teudld [eUOHdUNS [Z111 il BLIAYLD [RUOIIDUNY AOJRZI|| A)|IgeIS/2dUd)sIsuo)
'S3|0S JO JUsWYde)IR
3Y3} yum J00ja1eq pawiopad
aJe sashjeuy “apis Ayyeay
9y1 yum uosuedwod ul paskjeue
s| AldwwAs pue painsesw
s| duaped days pue yibua)
2JeMOS pue dais se yons sislawesed djweudp siskjeue 11eb
pajepijeA-uoN SI0SUS dINSS3I] SUON pue uonnquisip ainssaid ooy Jejueld [98'89'6] € €5 s1ydeiboseqopad-ajosu|
'$90) 31 UO y[em Jo 3|qissod
se sawl) Auew se 63| suo yum
Swouodw $30) 3y} UO BuIsU :ISIX3 Ssuollele Bunyiem so0]
pajepijeA-uoN e IO dUON JuoN "y3buaJls IISNW Jjed ssasse o] [08'z2'0€'6] ¥ 61T /1593)-351-[99H
[88] (paunbai
2Inpadoid 3A1IONIISUOIDI
aAneusdlfe ue) Jood ay) 01 (S30Ys
Je>ads Jo spie 1noyum bBunjjem
pue |eainns dejy) 1ud|[aoxd (£10T "|e 19 pnowye)
pajepijeA-uoN JuoN JU3||92X3/100( woyj papelb sawodlno jeuolidun [88] L o€ Bunes jeuondpuny
"ulw G 10} A1ID0J3A Y/wy € B pue
AYD0[9A Y/unj-G'L B Yyum (dulpul
0§ Pue aulpul ,0) [|iwpeas) e uo
Bupjjem :osuas e yym painseaw (133) xapy|
palepijeA-uop 10SU3s D 67 XBWA SuoN SJe sio1oweled JualayIp INo4 [L6] 1 6 aunypuadx3 Abisu3
"[8Z 1] suoldNIISUOII
JO SSDUIAIIRYS By} SI1RWIISD
palepijeA-uoN SUON Aleqo|6 uonesyissep uayd ayy l66'CEl T 0z uonesyissed usys
‘[L£] papa3u adue)sISse
JO |9A3] 3y uo buipuadap
peq Jo pjiw ‘poob se paulyap
‘(suoruyap ‘suoieziiobaled

6C

>
oc
L
V)
o
o]
)
[a)
=z
<<
T
[a)
=
<<
>
oo
i
O
o
o]
(%]
=
=
%]
<
—
o
L
(@]
-
<
=z
o
2
]
=

peq/poon wa194ip) Aujiqeded Bupijem [S0L'96'v6'EL'TL 0L Adeded bunesq [euondUN4
pajepijeA-uoN 3UON 0u/s3A uo paseq pazuobajed uonejnquiy L6'T8'LL T L] LL ¥9€ -ybram/uonenquy WOHD
uonepijep sjuswalinbay 9|eds Jo abuey 2JNseaw awo21no Jo uondudsap Jaug (424)u se1pms uoie|ndod 9INseaw awodnQ ulewo(

‘Suoljualul Iaylo 1o} pajepijeA sainseaw saW0d1N0 pue sainseaw awodlno pajepijeA-uou pspnppul ayl Jo diisiieldeleyd ayl J9A0 MIIMIBAQ ‘€ 9|gel



522 1. S. BESMENS ET AL.

(panunuod)

aInins pue bupew sy} usamiaq
duelsip Ajjeubes pue A[asiansuesy
panow si dey ay] “deyy
palepijeA-uoN [ADIA wd o< SY1 JSPpUN 2UNINS B YUM PIssassy [98] 1 1z Bunyiys defq
‘[L£] Aiporeadas
Jeadde swajqoud asayy yi
peq ‘(SpPUNOM/SaINnss) [UOISEII0)
pliw (dey jo juswanow
palepljeA-UoN SUON 1004 — po0D  [eI9)e| ‘SPUNOM ‘sauNssly ou) poob 4 [eol'z'LL'0E] v 8¢l (S4) Aungers deyy
‘[z/] AIng ‘sainnis
Buifpapun 03 Juassype ‘jewlou se
paziiobayed ‘dejy ay3 jo sojoyd uo
paseq paien|ead sem AdU1SISUOD
‘AlaAnewsdyy “[L£] (s9oys pasop

leam 03 9|qeun) peq 03 (papadu [co'Tol’L01°56
s20ys Paso|> 0} Juduisnipe '18'89'18'EL'TL Aou33s1su0d pue
paiepijeA-uoN ENY peg — poon  ou) poob woly pajes st Inouod dej4 ‘01’8959 L' LEL LT L1 865 9dualaype “Inoyuod dej4
‘painseaw
s 311s Ayijeay |essiejesuod ayy
pue ays pajesado ay) usLIMISq JuaWAINSLIW
paiepijeA-uoN adey bupnsea|y JUON dUBIRJWINID Jo Aduedansip syl [76'S8°08'2/'£50€] 9 66 DUBIBJWNIID

((LMWOL) (LMIN9) 1591

Bupjiem uiw QL/uiw 9 1531 bupjjem
pawn (W-50€) 193)-001) 3|qe|ieAe
SUOISIDA JUDIRYIP ‘WYIAY4

104A Jorpwouoiys SUON Bunjiem Jeinbay e e yjjem s1algns [LOL'S6'L6'8€] ¥ 19 1591 bupjlem
*A}IAI3DR [eWwIOU 0} UIN)a)
10 yJom 0} winjal [un unpadoid IOM 0} uin3di/ANAIDE
paiepijeA-uoN JuoN SuoN DAIIDNIISUOII DY} UIIMID]G W] [8s0€'9¢] € /S Ainfuiaad 03 awi)

35N JleYd[@aym
J0 uoneinp AjAnewdl|y ‘sple
noyum Bupjjem |nun ainpadoud [68'88'9.'€£'59
palepijeA-uop SUoN SuoN SAIIDNJISUOIDI BY) UIDIMIS] S| '95'9%'8€'97'v7] 0L 897 uole|nque 0} awl|
‘[€€1] Aujeuonduny 19139q Saiedipul
9103s MO| Y ‘uonow jo abues
ande pue Ayjige bupjiem ‘Auande
‘ured ‘sabueyd d16ojoipes buipnjpul
‘SUOISUSWIP 9 Ul uomduNy
104A 3UON 1uof e1gnoe) ay) Jo suohenjeas [98] L 4 1035 J3GIM
‘[z€1] uonow
Jo abuel ‘sISaWS0D ‘UleLId) ‘silels
‘sooys ‘dwi ‘spie uoddns ‘Ayjiqels
3)ue/1004 ‘BdURISIP PAYjem

uo paseq ‘uolduny Jpjue pue (S4W) 24015

palepijeA-uoN SUON 00L—0 1004 03 diyPads uonenjeAs |euondun4 (€8] L g 1004 puejkiepy 3yl
(SSV4) waishs bunodg

pajepljeA-uoN QUON 00L-0 ‘uofduNny 3pjue Jo uonenjeay [L6] L 6 apjuy banqiei4 ayl

‘painseaw aq ued
uorow jo abues anissed 1o (NV1)
uoIoW AR |eJ0] "palnseaw

aJe s3|bue JusWIAOW JUIRYIP
9MS P3IINIISUOIAI Y} JO UOIRIO|
9y1 uo buipuadasq 3 nsas sy} jo
Bunes pue 1dYap jJo uonendjed I0y
3pIS pa1dajeun ay3 Jo ISOYl YUM

uonepije sjuswalinbay 3jeds jo abuey 2INSE3W 3W0dIN0 Jo uonduISap Jaug (a1)u sa1pnis uonejndod 3INseaw awodno urewoq
"panunuo) ¢ |qeL




523

>
oc
L
V)
o
o]
)
[a)
=z
<<
T
[a)
=
<<
>
oo
i
O
o
o]
(%]
=
=
%]
<
—
o
L
(@]
-
<
=z
o
2
]
=

(panunuod)

104A

104A

104A

pajepi[eA-UoN

pajepi[eA-uoN

104A

104A

pajepijeA-uoN

104A

pajepijeA-uoN

paiepijeA-uoN

paiepijeA-uoN

paiepijeA-uoN

alleuuonsanp

o4 butung

219 dipiadeq

ERINETWSTHIEN
paydads-ainssald

SUON

(dnoinau’ydidyioos)
IAsp dieys

wswdinba
weiboAw-01133[3

221A3Q A10SUdS
paydads ainssaid

NS LW

EY

BN

JuoN

/punoses|n

BN

00L-0

JuopN

lood/poon

BN

0U/SIA

OU/SIA

yoes ¢—0

N-0

0L-0

‘TepL] pandnnw aze Auande
J0 y1bus| pue Aysualul HPam
1ad A>uanbayy sio1oe) ‘Auaide

jedisAyd jo [9A3] 3y1 JO uonenjeay

‘uondadiad Alosuas dasp jo sishjeuy
‘ease buipuodsaiiod
SY1 Ul SaNeA JO 9,08 Sulene
uoneutwLsIp §i ‘poob A1anodal
£10suas “uonduNy aaIau panosdwi
YHM S31e[2410D dURISIP J3|[RWS
‘uiod | SNSISA Z yum paypnoy
buiaq se aaldduad ued jusned
syulod 7 U9IMISQ SdURISIP 1S91I0YS
‘[L£] (9suodsai uonesuas
e 31eJ3uab 01 pasinbas snjnwins
40 AJISuUSlUl WNWIUIW) ploysaiy}
KI0SU3S SNOSURIND SAINSEI|N
‘IPUNO) YdJeasay
|edIp3N Ysig syl 01 buipiodde
apew 3q ued buipeib Ay
‘JSIX9 suoleleA "yano) 01 ANAINISUSS
‘[8€L] IInp pue dieys
US3MISQ 9DUIYIP Yl SUIWISIP
e 9y} pue yuduid
e [enpe ay) bunsa]
‘[£€1L] BUDIPAN dlIsoubelposId?3
JO UONBIDOSSY UBdLIBWY
3Y3 Jo sauldpInb ayy 01 buipiodde
JUSWIINSESW UOIIdNPUOD SAISN
(Sd L 999) [L£] ploysaiy:
KI0SU3S SNOSURIND SAINSEI|N
‘[98] sasuodsal 1221100 7 jO
95e2 QY1 Ul dAnIsod paJspIsuod ale
synsai ay] ‘[06] NS |eww 63
YUM uol1esuss [ewayl jo bunss)
‘[s€1] deyy ay3 jo bunieds
pue Aywloep INo0d ‘A3awwAse
‘uoijolsip ‘uonisodjew
uo paseq uonenjeas diydesboloyd
'$3IN1JeJIU0d Ulys Jo Judwdojansp
pue uonedo| Jeds |euly
‘ssaulley ‘@depiaiul anssiy jualdial
-louop ‘yd1ew ainixa) ‘Yojew
10j0> ‘@dueleadde |[esono :si9lawWeled
-9bueypd Jojod upys jo
uoneAIasqo Jo [oL] ajeds buljjams
deyy payipow ay3 03 buipiodde
uonsabuod snouan jo buuoluop
‘[reL] 1eds
9)Is Jouop pue ainjesadwsay
‘adeys ‘uopesuas ‘buijeay
dey :s109dse dAl JO JUSWISSISSY
'[98] (d160joyred = wd §'0<
JO JIys) painseawl

VAR 7AN4

[£879'1] €

[£01-501'66'£6'€6'06'98'08

‘SL'0L'T9'sy
‘ov'Le'6T’ET’EL]
8l

Lz

[eol'eT’zl] €

gl L

[o6] L

L

[06'98°¢T] €

[os] L

(911
[soL’c0L'96
'88'7£'0£'69'09'9%'6C
‘8TyT'0T’6L'EL'0L] 9L

[e€] 1

6Ll

¥or

T4

€0l

24

T4

14

[44

¥SS

0c

x3pul (LI4) swn
Ausuaur fouanbauy ay|
ZH8Tl e
153) UoleIqIA o} Buun]

(adzs) uoneujwdsip
juiod-omi dneis

(Sd 1)
1531 jui0d-3uo dnels

uonenwis 1Yoy
yum bunsay ANAISuUSS

359} Ypuduid

uoldNpuod |euoinaN

(Wd L)
159} ujod-auo Bulropy

UOI1BSUDS [RWLIBY3/IS)
ANAISUSS P|od pue JoH

wa3sAs buipeib
9A1123(qO S J3ssens

(£10T "[e 19 epdnIep)
9oueieadde dej4

uoIsabuod SNOUIA

(e 32 bueyz)
wa3sAs bulods

Jeuonpuny
WOH4d

uonesuas

J1RYISaY

uoiepijep

sjuswalinbay

9|eds Jo abuey

2INSE3W 3W0dIN0 Jo uonduISap Jaug

(}21)u saipms

uoie|ndod

2Jnseaw sawodINQ

urewoq

‘panupuo) € 3|qeL



524 1. S. BESMENS ET AL.

(panunuod)

3|ess juiod- (£10T "le 19 wry)
pajepijeA-uoN SUON e BuIsn JusawWISsasse-J|as aAIdR(qNS [80L] L 8 9|edS UOIIR)SIIeS
‘le 19 uaphog sajeds
paiepijea -UoN [£91] [001'99] T 1374 9WO033N0 U0I1dNIIsU039y
‘[ze] uondeysiyes
J133Y1sae pue sso| AJAIISUIS pue
syuawiredw Ayjiqow budpIsuod
1317 u10d-G B UO S3IWO2INO (0Z0T e 1@ mdunIg)
paiepijeA-uoN 9eds Ul 1113Y3ISae pue [RUOIDUNS dlkJ Sjudlled [z L 85 alleuuonsand
‘[06] uonesado sy} puswwodas 0}
ssaubul[|Im pue uo[1deSIIes [|eI9A0
IN0JUO0D 3)IS-9AI13RIDdO ‘SSaUYOS (LLOZ ‘[ 33 uoar)
paiepijeA-uoN aJleuuonsand ‘100> 9)eN|eAd suolsanb aAl4 [0s] L Ll alleuuonsand
‘[1S] uonesado
9y} pusWIwWOd3J 01 ssaubuljim pue
uoI1dRSIIES DS JOUOP ‘UOIDRYSIIeS
||e13A0 ‘S3NNAIDR A[1ep ‘1Sl (€107 ‘[ 32 uod)
pajepijea-uoN aJleuuonsand 1e uled 1004 31eNjEAS Suonsanb aAl4 [Ls] L oy alleuuonsand
'G 01 | wouy buibues
9]eds LI B pazijn uondejsies
pue dueseadde swodino (0z0T
J13y3sae ‘[euonduny bupnided ‘e 13 J9b1aqgnein)
paiepijeA-uoN aJleuuonsand aJteuuonsanb paseq-auoyd vy [e¥] L 24 aJleuuonsand
‘[96] Saw021IN0 dp1dYIsae
pue [euOIdUNY YIM UOIIDRJSIIES
juaned sassasse alleuuonisanb (Z10Z "|e 1@ ueyy)
paiepijeA-uoN aJleuuonsand d10yd-3dnnw Wai-/ [96] L 0z aJleuuonsand uondeysies
‘[6£]1 341 Som pue [e1dos
Buissaippe suopsanb [euorppe
pue ([y4Ws-X] uonduny juiof uo
Buisndoy asreuuonssnb e ‘b-(DHd)
aJleuuonsand YiesaH uaned ayy
‘Ge-91025 dbew| Apog uapsalq Ay}
‘1£S1] T1-KMns y1jeay unioj 1oys) (610T " 13 Ip1wyds)
$9103S 21€D Y1[edYy pPaysl|geisa aJleuuofisanb
pa3epijea-uoN aJleuuonsand -|I3M ¢ Jo N0 Ajquiasse uy 621 L 18 £196ans dnysejd ueneaeg 3y Jo Aujend
TesL'LS L] Asuaiul
uted 03 spuodsaiiod aul| 3y} uo
$1912W1IUD ‘uondadiad uied Joy
|00} JUBWISSISSE [eNnSIA paliodal [86'16'98'79€9'09'8€ T €]
104A 9|eds |ensip -J|9S B Se pasn dul| J9IDWIUD U] 8 sEl 9|eds ujed anbojeue [ensip uled
[eSLLSL'Sy] dwodino d1ayisae
0} puodsaiod aul| 3y} uo
SI913WIIUID ‘S NS J1IDYISIL YUM
UOI1DRJSIIES 104 |00} JUSWSSISSe d|ess
104N 9|eds |ensip [ENSIA & S pasn Sul| J913WIUSD US| [s2'69'sv'vT] v 9/ dnayisse bojeue [ensip
*9)Is-iouop 3y} pue deyy 3y} jo
ddueleadde |[eJaA0 By} ‘BpIS 19Yl0
01 Ayejiwis ‘deyy Jo ssaupjng
9y) “JedS ‘9IN1X3) ‘INOJU0D ‘10[0d (0Z0Z “|e 19 eAoplAas)
paiepijeA-uoN aJleuuonsand YHM UOI1IB)SIIeS JNOCE DIIRUUOIISINY [1sl 1 €8 alleuuonsand 1194159y
‘ost’evL]
(surejdwod Jsy3o ‘uonduny ‘ured) 2Jleuuonsanb
sdnoibgns 331y} ul pazuobayed 9|eds apjue
paiepijeA-uoN aJleuuonsand 99 ued Yoiym ‘suopsanb Ausm| [68'9/] T u pue 1004 bojeue |ensip
uonepijep syusWalInbay 2INSe3W 3WO0dIN0 Jo uondudsap Jalg (J24)u salpnis uone|ndod 2Inseaw awo31nQ urewoq

‘panupuo) € 3|qeL



525

>
oc
L
V)
o
o]
)
[a)
=z
<<
T
[a)
=
<<
>
oo
i
O
o
o]
(%]
=
=
%]
<
—
o
L
(@]
-
<
=z
o
2
]
=

(panunuod)

340} Bujuny
‘Juswe|yjouow

‘(ynsa1 aaiusod e S| dpjue ayy ul
UOISUdIX3 |esiop aAlssed ‘BpPsnw
aeuns sdaduy a3yl Jo uoissaidwod
|enuew) uosdwoy] ‘spjue ay3 jo
uonow jo abuels ayy ‘A|A13IGO
*AyAide buunp pue 1sal 1e 3[eds
buney jeouswny ayy oy buipiodde
$9103s uled pue juawiealy ay}
yum uoideysies ‘uoisinoid aoys
‘suonedydwod Bujjesy punom

(610T "Ie 39 py3)

palepijeA-uop ‘J1RUUONSAIND JuoN Inoge sauinbul aieuuonsanb ay| [9€] L ST aileuuonsanpd
‘911 seninnde
Ajiep pue yeb ‘uted ‘Aywiojp
!s9dUeqINISIP JejNdSeAcINaU
‘uoneindwe pue s|HRAW031S0 eLIvILD WOYd
palepijeA-uop aJreuuonssaND 1U3||90X3/1004 ‘uolunuou Auoq :dpNnpul eURID [SL]1L s uonen[eAd synip—iauyor JINOYD
‘31| Jo Ayjenb
pue bunes deyy jjesano ‘jeadde
3139Y1s9e ‘|013u0d woldwAs
‘buinl Ajiep ‘Ajjige [euordpuny (D04) 2u1euuonsanp
palepijeA-uop aJleuuonssand Buissasse aireuuonsanb way-|| v [0zl L 14 swodnQ dej4 ay|
31| 91eAud
ui Jo Bupjiom Aq uopeywi| pue
UOIIBLIBA JSYIESM JO SDURIS|OLU]
‘bulj@ms ‘ured Buipnpul
‘suonedijdwod aanesadolsod (€L0T
‘SnJe1s J|WoU0I301d0S ‘e 13 Bluyds0104)
palepijeA-uoN aJreuuonssaND VN pue dydeibowap Jo uonenjeay [Lil 1 6 aJleuuonssand
‘painseaw
s1 s63] usamiaqg dURIIYPIP
9dUBIRJWNII A[jeuonippe
‘010 JO 102s dLBWINU Ue
YUM pales SemM SWODINO D119YIsay
‘(#amsue ,ou, 10 S3K, yum
paJaMSUR 318 1e3IMI00) ‘JUSWAAOW
Jo uonnujwip ‘yibusins
0 sso| ‘uted) awod3N0O |euoldUNy (810T
Buipiebas suonsanb ‘pajenjeas ‘e 19 soueLpue|iyd)
pajepijeA-uop aileuuonssnd aJe 3)1s Jualdidal pue 31is Jouoq ZAlt ¥ aileuuonsanpd
'[85] (#—0 ‘2100s) s3|eds
LI YUM passasse s uolidejsiies
(9dueseadde passaip/payeu (8107
pue AnswuwAs ‘burieds) ‘|e 19 ueibnosioy)
palepijeA-uop aJreuuonssND 91 "Xew yoes -0 J119Wis0d pue |esausb sjusned [8s] 1 68€ aJleuuonssnd
‘[evl oL
-1 JO 9|BdS B UO }IOM 0] UInlal
pue 31IS JOUOp dY3 JO SWOIINO
d113y1sae ay) ‘ainpadoud ayy (‘e 19 109)
palepijeA-uop aileuuonssnpd oL-1L YlM uoldeysiies J1ay) aled syualied [ev] 1 /9 aileuuonsanpd
suonedijdwod pue
S3W023N0 AI0SUSS pue [euollduny
21191598 10J SIS I9jSues) pue (‘12 18 [I1D) urewoq
palepijeA-uop aileuuonssnd Jouop 3y} buissasse aseuuonsanb y [y 1 8l aileuuonsand -ninw
"Inpadoid Syl Yum uoioejsies (0z0Z e 19 on7)
pajepijeA-uop JUoN Ou/SaA ||eJ3A0 JNOQE paYse dle sjualied [99'91] T a4 ||e43A0 UoIdRYSIIeS
uonepljeA s)uswJInbay 9Jeds jo abuey 2INSe3W 3WO0dIN0 Jo uondudsap Jalg (J24)u salpnis uonejndod 2INSeaW dW0dINQ urewoq

‘panupuo) € 3|qeL



526 1. S. BESMENS ET AL.

Kusuaiu| £ousnbaig @114 Xapuj uonduny 1004
ABi1au3 :|33 ‘o|edS SpeIn uled dIU0IY) DD

"1S3] 1UI04-2UQ BUIAO INd | “35) Bupjjem uiw gL IMINOL ‘3593 Bupjjem Uiw 9 I NG XOpU| SHUYLLRO3ISO SSIMSISAIUN JSISBNDRIN PUR OLBIUQ UIRISIM YL DVIWOM
‘31ed5 9b0jeUY [BNSIA (SYA ‘SUOIIUSIU| JaYI0 104 PalepijeA (|O4A ‘100G abeAjes ANWaiiX] 0IU0IO] :SSTL ‘UOKO SAIDY [PI0] (VL ‘UOHBUIWLISI] JUIOd-0M] D1IRIS :QdTS ‘531 JUI04-3UQ JIIRIS S 1S ‘1S3 JUSWE[OUo|y
UIRISUIDM-SIWIWIS :1INMS ‘3]40id 10edw| SSBUNDIS :d|S ‘JUBWISSISSY UOLIIUNS [RIDRYSOINISNIN LOYS 3YL :VHINS ‘ASAINS YijesH WI04-HoYS WaY-9€ Yl :9¢-4S ‘ASAING Yieay Wwio4-Hoys way-z| 3yl :71-4S ‘uonow jo
abuey :NOY ‘@INseaw awodIno pariodal-juaned NOYd D1eUUOIISIND YI[eaH Iudiled Y3 :DHA ‘2103S 3PjUY JIPUROW-PNIBI0 YO ‘Xapul ANjigesip A1samsQ dudads-ydeq ay] (g0 ‘2(eds huney [edsuswnp SYN ‘21035
1004 puejkiely S4 ‘siuajeAINba JijogeIdW S ‘O1edS [euonduny ANWaiIX3 JaMoT 437 21035 A1B1D0G dauy Y| :SSY ‘1005 AMjIqo uAjweH SWH ‘“Aujiqers dej4 iS4 ‘aaieuuonsany awodng dej4 D04 Xepu| awil

‘44 £2103S 3WO0INQ JPjUY puUR 1004 SOV ‘WdlsAs Buiiods apjue Bingiald :SSy4 Xxapu| A3
‘saInseawl awodno pauodal-ueniulp NOYUID ‘A1ouaaul 317 Jo Aujenp abew) Apog :DIg ‘waisAs Buliods A1210S SpuUY pue 1004 dipadoyuQ uedusWY Yl SY40V

esi] dpjUY pue 1004 QY4 ‘3|eds anbojeuy [ensiA DI :SYA-DI Xapu| ainypuadxy

104A

paiepijeA-uoN

pajepi[eA-UoN

paiepljen-uoN

‘[££1] sajedsqns

€ UIYIIM papnjaul aJe uonow

pue yieb ‘quswubije noge eyep

pauodal-Jaulwexa pue ‘1esmiooy

pue suonejwi| [euonduny ‘AlIAnde

‘uted 1noge suonsanb payiodal

-1uaned "uoibai [esbuejeydisiul

/|esbuejeydosieiersw

9y (¢) pue |eabuejeydisyul

/|eabuejeydosieieisw

xnjjey ays (g)

‘l00jpiw 3y3 () ‘1004puly/aue

ay1 (1) uoibai dlwoleue

payads e 0} palejas Yoes ‘salods

aJreuuonssnD 00L-0

‘uepiulpP pue juaied

Aq passasse ae (apis Ayyeay

yum A1nsawwiAs ‘ydrew J1ojod

‘Ja1a1 *6-9) sdueseadde dnayisae

aileuuonsand

‘uepiulp ay) pue

uaned ayy yloq Aq pawuopad

9]edS [EdLIBWINU PAUIqWIOD

B UO palen|eAd ale 3Inixa)

aJreuuonssanD
‘[L9] uo sd0YS pue sy0s
uo ind pue sdais g| dn yem
‘dul| ybress e ur bupjep yuaned
pue uepisAyd ayy Aq passasse ale

SAWO2IN0 DI}3WSOD pue [euoldun4
‘Pepnpul
0S|e SeM 3[edS JeIS JIANODUBA
9y ‘pawlopad aue 51591 (zH 8TZ1)
40} Buluny pue jusweyouow

alleuuonsanp -0

JUSISHIP 7 Sepnpul SY40V SYL

pue 3IN1X3) ‘SSAUNDIYY NSSI]

0Z¢-0 Ppue Jojod ‘adeys ‘dueleadde |esausn

[sS'zs'ev'ov'0¢E] §

ezl L

[soLl L

[Lol L

(svdov)
wa1sAs Bulods
£191>0G dpjuy pue 3004
¥9 JIpadoyyQ ueduawy ay|

(810T "|e 12 ouong)
174 2Jleuuonsand

(6107 "|e 12 ouides)
6 2Jleuuonsand

(2102 1e 19 997)
174 alleuuonsand

uoiepijep

sjuswalinbay 9|eds Jo abuey 2JNseaw awo0d1no Jo uondudsap Jaug

(}21)u saipms

uonejndod 3INseaw awodno urewoq

‘panupuo) € 3|qeL



reconstruction exists regarding which outcome measurement
should be used or how the outcome measurement should be
assessed and analyzed exactly [126]. To optimize surgical treat-
ment and rehabilitation in extremity reconstruction it is crucial to
record and evaluate standardized outcomes. The identification of
the relevant domains should then become the basis for the estab-
lishment of outcomes registries.

Our systematic review only evaluated studies within the last
10years. This time interval was found to be representative of
extremity reconstruction in its current form. Additionally, older
studies would have been unlikely to use PROMs but it is possible
that relevant outcome measures, that might be considered less
‘popular’ these days could have been missed using this time
interval.

Also, some of the excluded papers (small series, non-structured
outcome) might have analyzed interesting aspects, relevant to
patients and clinicians, but in a way that prevents comparison.
This study combines data from a wide range of lower extremity
defects and reconstructions and lists the outcome measures used
overall. Indeed for clinical application sub-analysis of certain
groups might be more intuitive for analysis rather than as a
whole. This need however could not be satisfactorily addressed
due to the heterogeneous nature of most publications assessed.

Conclusion

A big number of different outcome measurements is currently
used in lower extremity reconstruction and while there are many
different measurements, there is no validation study exploring the
needs of the patients. We, therefore, advocate for international
action to address this shortcoming. The literature shows that,
unlike in other fields of medicine, no consensus has been reached
on what to measure and how. We need to analysis the relevant
domains and need to put them through validation studies. There
is a need for registries that will allow for studies with significant
cohort sizes. This has to be done in order to improve results and
put the needs of our patients first.
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