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

ARTICLE HISTORY
Received 20 September 2022
Revised 2 January 2023
Accepted 10 January 2023

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 PROMs
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

o
g Records identified through database searching Additional records
'ﬁ Total (n = 4630) identified through other
= sources
'Jé Medline (n=1575); Embase (n=1362); (n=0)
< Cochrane (n=51); Web of Science (n=1642)
— :
v
Records after duplicates removed
(n=12827)
v
)
'g Records screened Records excluded
] (n= 2827) (n=2174) *
!
| —
— v
Full-text articles assessed Full-text articles excluded,
E for eligibility P> with reasons
2 (n= 653) (n= 551)
o0
w
Wrong population
— (<18years old)
n=20
— v
& Studies included in Wrong procedure
= qualitative synthesis (not lower extremity, no
° (n=102) flap reconstruction)
- n=42

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; T0OMWT: 10 Min Walking Test, 1 PM: Moving One-Point Test; CROM: clinician-reported outcome
measurements; PROM: patient-reported outcome measure.

Table 2. Continued.

Domain
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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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