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Background and purpose — The heterogeneous out-
comes used in lower-limb lengthening surgery (LLLS) com-
plicate evidence synthesis, weakening systematic reviews
and clinical recommendations, and reducing research impact.
This scoping review maps the outcomes and outcome mea-
surement instruments (OMIs) used in LLLS.

Methods — This pre-registered review systematically
identified studies reporting outcomes in adults or children
who underwent LLLS. Outcomes and OMIs were extracted
verbatim, and experts grouped outcome terms under head-
ings using the COMET taxonomy.

Results — The search found 5,308 unique hits, including
149 studies from 2020-2024. They reported 2,939 verbatim
outcomes, which were consolidated into 92 outcome head-
ings and 27 subheadings. “Life impact” accounted for 13%,
while “Clinical outcomes” represented 83% of all outcomes.
Among the clinical outcomes, “Musculoskeletal and connec-
tive tissue” was the most reported outcome domain (68% of
all outcomes). The most frequently reported outcomes were
“Lengthening,” “Bone healing,” “Range of motion,” “Limb
alignment”, and “Complications.”

Conclusion — Outcomes reported for people undergo-
ing LLLS are heterogeneous and vary widely in the defini-
tions and measurement tools used to collect them. Outcomes
likely to be important to patients (life impact outcomes),
such as quality of life and measures of physical function, are
rarely reported.

Lower-limb lengthening surgery (LLLS) has continued to
evolve from the introduction of distraction osteogenesis by
external fine-wire circular fixation to the development of hexa-
pod computer-assisted circular fixator to the current all inter-
nal motorized intramedullary lengthening nails [1]. Despite a
lack of prospective comparative studies, an increasing propor-
tion of patients are treated with intramedullary lengthening
nails instead of external fixators [2]. However, whether intra-
medullary nails are beneficial compared with external fixators
might depend on which outcome is studied, as both improving
[3] and negative [4] effects have been shown.

A core outcome set (COS) is a minimal set of outcomes to
be measured and reported in all clinical studies for a specific
health condition [5]. These sets standardize outcome mea-
surement across studies, facilitating comparisons and meta-
analyses, thereby improving clinical guidance [6]. The lack
of a universally accepted COS in LLLS causes variability in
outcomes across studies, and limits evidence synthesis when
performing systematic evaluations of surgical effectiveness
and safety [7-11]. Clinician and outcome reporting biases also
pose significant problems by considerably affecting the valid-
ity and generalizability of study findings [12-14].

To tackle these issues, a scoping review (a type of evi-
dence synthesis aimed at mapping the breadth and depth of
research on a specific topic) was used to explore outcomes
and outcome measurement instruments (OMIs) in LLLS lit-
erature. The findings may influence future COS development
for LLLS. The establishment of a standardized outcome set
has the potential to improve reporting consistency and boost
evidence quality [13].
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Methods

All processes were conducted and reported in accordance
with the JBI methodology and the PRISMA-ScR guidelines
[15,16].

Eligibility criteria

All peer-reviewed studies focused on any aspect of LLLS
were included. Studies were excluded if LLLS on human sub-
jects was not the primary focus or relevant data could not be
extracted. Editorials, conference abstracts, and non-English
articles were also excluded.

Information sources and strategy

We included all studies published until May 22, 2024. Only
articles in English were searched and considered for inclusion.
The search of peer-reviewed papers in MEDLINE, Embase,
Cochrane Library, Web of Science, and Scopus databases
were performed in a systematic fashion described below.

Due to the high number of articles identified in the search
and considering the improvements in surgical methods over
time, it was deemed appropriate to deviate from the protocol
and use the “data saturation” strategy to control article inclu-
sion. This method involved extracting outcomes on a year-
by-year basis, starting from the most recent year and going
back until no new outcome headings could be extracted from
an entire year of studies. This strategy yielded outcomes from
studies published from 2020 onward.

A confirmatory analysis was conducted to ensure no out-
comes were missed. We reviewed outcomes from the most fre-
quently cited articles from each 5-year period between 1995
and 2020. This confirmed that data saturation was achieved,
capturing all relevant outcomes without missing any impor-
tant data.

Search strategy

Relevant keywords and MeSH terms were used from incep-
tion to May 2024, limited to peer-reviewed publications for
high-quality data (Appendix 1).

Selection of sources of evidence

Article screening was performed using Rayyan software
(rayyan.ai) [17]. 2 reviewers (AY, MT) independently screened
articles, with full texts of potentially relevant ones considered
for inclusion. Disagreements were resolved by consensus or a
third reviewer (SK, OR, CI).

Data items and charting process

2 reviewers (AY, MT) independently charted the data using an
Excel spreadsheet (Microsoft Corp, Redmond, WA, USA) and
a REDCap form [18,19] (Appendices 2.1 and 2.2). Disagree-
ments were resolved by consensus or a third reviewer (SK,
OR, CI).

Table 1. Data fields extracted at full-text review

Study demographics
Publication date
Study title
Intervention type
Intervention site
Journal
Location (country where research was conducted)
Study design (e.g., RCT, cohort, case series)
Study population
Number of participants
Sex distribution of participants
Age distribution of participants
Study inclusion and exclusion criteria
Follow-up duration

Study outcomes
Primary/secondary outcomes identified/defined
Outcome wording (extracted verbatim)
Outcome definition
Outcome measurement instruments used
Subdomains covered by outcome

RCT = randomized controlled trial.

Table 2. Outcome extraction methodology

Order  Extraction steps Description

1 Verbatim extraction of outcomes
Word-for-word extraction directly from the included studies
2 Mapping the outcomes under newly created outcome headings
New, overarching outcome headings created to bundle
outcomes of the same/similar scope
3 Outcome headings categorized using the 38-scale COMET
taxonomy of outcomes
Outcomes placed under the relevant outcome domains and
core areas according to the framework

COMET = Core Outcome Measures in Effectiveness Trials.

All outcomes were extracted verbatim alongside any asso-
ciated OMIs used. All outcomes and OMIs were extracted
from the abstract, methods, or results section of each included
study. Outcomes were defined if an outcome definition was
provided or referenced in a citation. If an outcome defini-
tion was directly linked to a citation, the outcome definition
was extracted verbatim from the source or original publica-
tion. The data fields extracted from the full-text review are
indicated in Table 1, and the extraction steps are explained in
Table 2.

Verbatim names of the patient-reported outcome measures
(PROMs) and all their components including individual items,
additional non-validated questions, and developers’ scale defi-
nitions were extracted and categorized as described in Table 3.

Synthesis of results

Our outcome categorization primarily follows the COMET
framework, where extracted outcomes, OMIs, and PROMs
were analyzed and mapped into broader outcome domains and
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Table 3. PROMs extraction methodology

Order  Description of extraction steps

1 Identification of PROMs used in the included studies

2 Detailed content analysis to examine the scale components and
all single items included in each PROM

3 Categorization of PROM content into health domains according
to the COMET taxonomy of outcomes

COMET = Core Outcome Measures in Effectiveness Trials;
PROM = patient-reported outcome measure.

core areas [20]. Additionally, we integrated the OMERACT
Filter 2.0 to enhance consistency and comprehensiveness [21].
For the Life impact area, we used WHO-ICF classifications,
aligning with OMERACT’s guidance [21-24]. Initial mapping
was done by AY, with consensus reached by involving SK,
OR, MSR, and CI.

For visualization, the web application Flourish (available
from https://app .flourish.studio/login) was used [25].

Terminology

This review’s hierarchical classification includes Core areas,

Outcome domains, Outcome headings, Subheadings, and Ver-

batim outcomes, based on the COMET taxonomy with modi-

fications from Aquilina et al. [26,27].

* Core areas: Frameworks organizing outcome domains into 5
categories—death, adverse events, life impact, physiologi-
cal/clinical, and resource use —that cover all critical aspects
of a health condition or intervention [6,20,21].

* Outcome domains: Specific aspects within core areas, cat-
egorized into 38 types according to the COMET taxonomy
[6,20].

* Outcome headings: Broad subcategories within outcome
domains, refined for precision. Similar outcomes are merged
under single headings, with some including subheadings for
added detail [20,26,27].

e Verbatim outcome: In clinical trials, an outcome measures
treatment effects, including side effects (risk) or effective-
ness (benefit) [6]. Outcomes extracted directly from articles
are called verbatim outcomes.

¢ Outcome measurement instruments (OMIs): Tools or defini-
tions used to evaluate the quality or quantity of outcomes
[26].

Registration, use of Al, funding, and disclosures

The scoping review was registered with the Open Science
Framework, and its protocol is available on the platform [28].
The authors received no financial support for the research,
authorship, and/ or publication of this article. There was no use
of artificial intelligence (AI) for the production of the current
study. The authors declare no conflicts of interest. Complete
disclosure of interest forms according to ICMIJE are available
on the article page, doi: 10.2340/17453674.2024 42488

Records identified from databases (n = 12,402):
- PubMed, 2,776

- Embase, 3,210

— Cochrane Library, 92

- Web of Science, 1,747

- Scopus, 4,577

Duplicate records removed
before screening
n =7,094

Records screened
n = 5,308

Records excluded
n = 4,254

Records sought for retrieval
n=1,054

Reports not retrieved
n=61

Records assessed for eligibility
n =993

Reports excluded (n = 844):

- data saturation in 2020, 797

- technical note, 20

- not relevant study population, 27

Studies included in review
n=149

Flowchart of study selection.

Results

Study selection

We identified 12,402 articles initially. After removing dupli-
cates, 5,308 articles were screened, resulting in 1,054 for
full-text review with a conflict rate under 5%. Data extraction
reached saturation in 2020, leaving 149 articles for inclusion
in the review (Figure) [29].

Characteristics and scientometrics of included studies

149 studies were included in this scoping review, with publica-
tion years ranging from 2020 to May 22, 2024. The number of
studies published each year was relatively evenly distributed
across this period but with diverse study designs (Table 4).

Most studies were single center (131 studies, 88%), primar-
ily consisting of case series or database reviews (98 studies,
66%), followed by retrospective cohort studies (21 studies,
14%), and case reports (16 studies, 11%).

The geographic origin of the studies included multiple
countries, with the USA contributing the highest number (44
studies, 30%).

Orthopedic device(s)

Various implants and techniques were noted (Table 5), with
motorized/magnetic lengthening nails being the most common
(48% ,n =71). Traditional circular fixators were used in 30% (n
=44), while monolateral fixators and hexapod fixators appeared
in 20% (n = 30) and 19% (n = 28) of the studies, respectively.
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Table 4. Summary characteristics and scien-
tometrics of included studies (N = 149). Values

are count (%)

Table 5. Orthopedic device(s) type reported in
included studies (N = 149)

Physiological or clinical
outcomes (‘“Pathophysiologi-
cal manifestations” in OMER-

Device type n (%) ACT terms) alone accounted
Publication year
2020 30(20)  Motorized/magnetic lengthening nails 71 (4g)  10F /7% (2:252 out of 2.939)
2021 33(22)  Traditional circular fixators 44 (30) of the total outcomes while
2022 39 (26) Monolateral fixators 30 (20) reporting of adverse events
2023 30 (20) Hexapod fixators 28 (19)
2024 (to May 22) 17(11)  Lengthening then nailing 9oy 2ccounted for 7% (194 out of
Study design Non-motorized lengthening nails 3(2.0) 2,939). Combined, these cate-
Case report 16 (11) Other 18 (12) gories account for 83% (2,446
Case series/ database reviews 98 (66) ~
Retrospective cohort study 21 (14) out of 2,939) of the total out
Prospective cohort study 6 (4) comes.
Randomized controlled trial 1(1 Classified under the “Physi-
Case-control 3(2) Table 6. The 10 most common outcomes reported . PEPSURTH
Cross-sectional 4 (3) in included studies (N = 149) ological or clinical” core area,
Top 6 journals of publication musculoskeletal and connec-
Journal of Pediatric Orthopaedics 13 (9) tive tissue outcomes accounted
Strategies in Trauma and Limb Core area Number of
Reconstruction 11.(7) Outcome domains verbatim for 68% of all outcomes. The
Journal of Limb Lengthening & Outcome headings outcomes most frequently reported out-
Reconstruction 9 (6) Ad . comes included ‘“Lengthen-
Acta Orthopaedica 7 (5) verse events c e C e w
Children (MDPI) 6 (4) Adverse events ing,” “Bone healing,” "Range
Orthopaedics & Traumatology: Complications 138 of motion,” and “Lower limb
Surgery & Research 6 (4) Physiological or clinical alignment.” Additionally, com-
Top 6 countries of origin Musculoskeletal and connective tissue outcomes P .
USA 44 (30) Lengthening 456 plications were reported in 138
Germany 8 (5) Bone healing 236 occurrences (Table 6).
China 8 (5) Range of motion 215
Turkey 8 (5) Lower limb alignment 196 Outcome measurement
UK 7 (5) Nonunion or nonhealing (harm) 151 inst ¢
Russia 7 (5) Hardware or implant failure (harm) 133 Instruments
Study centers Pain or discomfort 110 We identified and cataloged
Single center 131 (88) Time in/with hardware 96 L
Multicenter 18 (12) Deformity 76 199 distinct  OMIs. These

Outcome categorization and frequency of reporting
We extracted 2,939 individual outcomes verbatim from the lit-
erature on LLLS. These outcomes were grouped into 92 out-
come headings (“Outcome domains” in OMERACT terms),
representing similar meanings or scopes of measurement, and
further divided into 27 subheadings. They were analyzed and
categorized according to the COMET taxonomy [20], resulting
in classification under 19 overarching outcome domains and
4 core areas: “Adverse events,” “Life impact,” “Physiologi-
cal or clinical,” and “Resource use.” The core area “Death”
was excluded, as LLLS rarely impacts lifespan. Adverse
event outcomes that were specifically named were appropri-
ately categorized under the relevant category and identified as
harm outcomes [30]. A detailed breakdown of these outcomes,
domains, specific headings, and subheadings is provided in
Appendix 3 (Interactive map: https://public.flourish.studio/
visualisation/18576652/).

Life impact outcomes (“Life impact” in OMERACT terms,
or “Activities and participation” in the ICF model) comprised
13% (384 out of 2,939) of the total outcomes. The physical
functioning outcome domain comprised 16 outcome headings
and 15 subheadings used to evaluate patients’ physical function.

included 133 specific outcome
definitions, 36 patient-reported
outcomes, and 30 clinician-
reported outcomes. Detailed characteristics of these instru-
ments, along with the frequency of reporting and source text
citations, can be found in Appendix 4. Of the 92 outcome
headings, 33 (35%) were defined. Most definitions, totaling
139 (70%), related to the physiological or clinical core area
and focused solely on objective clinical outcomes. Each defi-
nition was uniquely worded, even when describing the same
outcomes. “Bone healing” was the most frequently defined
outcome, appearing in 108 studies (72%) with 49 distinct
measurement instruments. Either a definition, an OMI, or both
were specified in 61 studies. There was considerable varia-
tion in definitions, with “Bone healing” being described in
several ways. The most common definition was: “When 3 of
the 4 cortices of the bone at the lengthening site were bridged
with a solid white continuous cortical line, the regenerate
was declared united.” Additionally, “Bone healing” was used
synonymously with terms such as “Union,” “Complete con-
solidation,” “Osseous consolidation,” “Regenerate healing,”
“Corticalization,” “Maturation of bone regenerate,” “Mature
bridging callus,” and “Continuous column of bone.”

A considerable overlap in definition was noted for several
outcomes, including “Bone healing,” “Time in/with hardware,”
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and “Full weight bearing.” The earlier definitions of bone heal-
ing and its variations were frequently used interchangeably to
denote “time of external fixator removal” and “full weight-
bearing time,” without clearly distinguishing whether these
referred to external fixator-based or intramedullary nail-based
techniques. In clinical practice, these terms do not always align
with the same time points in the treatment process.

66 distinct instruments for measuring patient- or physician-
reported outcomes were utilized across the included studies,
primarily focusing on objective clinical outcomes. Some
instruments also measured life impact, particularly in terms of
physical functioning and overall health-related quality of life
(HRQoL). The most used instrument in this domain was the
Association for the Study and Application of the Methods of
Ilizarov (ASAMI) functional criteria [31] , which was reported
9 times. HRQoL was evaluated in 12 studies (8%) using 11
different instruments (6% of the identified instruments). The
most frequently used HRQoL instruments were that of the
Limb Deformity-Scoliosis Research Society (LD-SRS) [32]
, used 3 times for adults, and the Pediatric Quality of Life
Inventory version 4.0 generic core scales (PedsQL) [33], used
twice for the pediatric group.

Of note, we also found a study evaluated children’s prefer-
ences and satisfaction with lower extremity lengthening using
a non-validated tool called “The Patient Questionnaire for
Pediatric and Adolescent Limb Lengthening Surgical Tech-
nique and Treatment Course” [34].

Complication classification systems

Our scoping review identified various classification systems
for LLLS complications, with the Paley classification [35]
most cited in 28 studies and the Lascombes classification [36]
in 9 studies. A detailed breakdown of the complication clas-
sification systems is provided in Appendix 4.

Findings on outcome specification and study criteria

We found significant variability in the reporting of outcome
specifications and study criteria. Only 27 studies (18%) speci-
fied primary outcomes, and 8 studies (5%) detailed second-
ary outcomes, leaving 114 studies (77%) without clear defini-
tions. Additionally, 31 studies (21%) lacked clear inclusion or
exclusion criteria.

Discussion

This scoping review is the first to map outcomes reported
in LLLS systematically. We identified 2,939 verbatim out-
comes, mapped into 92 headings and 27 subheadings across
19 domains and 4 core areas. Our findings reveal significant
variability in the outcomes reported across all domains, with
many different outcome terms grouped under the same head-
ing. Additionally, various definitions and measurement instru-
ments, most of which were used only once, were employed for

the same outcomes. This variability complicates the compari-
son of results across studies and is sometimes further hindered
by the use of non-validated instruments.

Nearly half of all identified outcomes were objective clini-
cal measures, such as bone lengthening, healing, nonunion,
range of motion, lower limb alignment, and infection out-
comes. This highlights a clear preference for outcomes that are
especially relevant to surgeons, reflecting an emphasis on out-
comes that are easily quantifiable in routine practice. Despite
guidance and research trends advocating for the inclusion
of PROMs, the clinician-based objective measures continue
to dominate [37-39]. Patient-reported outcomes (PROs) are
crucial for capturing patients’ subjective experiences during
LLLS. The importance of incorporating patient-centered out-
comes in orthopedic surgery was stated in 1999, emphasizing
that clinical outcomes should be complemented by assess-
ments of functional outcomes, including physical function,
pain, health status, work activity, and daily living activities
[37]. Despite these recommendations made over 25 years ago,
the limited use of patient-centered outcomes persists [38-40].
Our review further highlights this situation, showing that life-
impact outcomes represented only 13% of reported outcomes,
while clinical outcomes accounted for 83%. These findings
highlight a strong emphasis on physiological or clinical out-
comes and adverse events in the literature, potentially over-
shadowing the substantial life impact these surgeries have on
patients. This underrepresentation of life-impact outcomes is
significant, given the substantial impact this type of surgery
has on patients’ lives. Although they are relatively rare, the
numerous outcome headings and subheadings attempting to
represent the physical functioning domain (16 outcome head-
ings and 15 subheadings) create significant challenges in syn-
thesizing evidence and making reasonable comparisons from
the pooled data.

More than half of the studies in this review utilized circular
fixators, which are often used for several months [38]. This
prolonged use can significantly impact both short- and long-
term health and quality of life (QoL), as fixators uniquely
interfere with daily functioning [41]. Additionally, research on
pediatric patients indicates a risk of negative psychological
impacts, emphasizing the importance of mental and physi-
cal support from parents, family, and healthcare profession-
als [42]. These findings suggest that outcomes in this patient
group encompass a wide range of factors that cannot be fully
captured by clinical measures alone, indicating the need for
patient-centered outcomes [38]. However, our review show
that these outcomes are rarely reported.

A significant variation was observed in the outcome mea-
surement tools used, encompassing both patient-reported and
physician-reported metrics. Most tools focused on objective
clinical measures, with limited attention to patient impact. For
instance, QoL was assessed in just 12 studies, and the instru-
ments used varied widely. 11 different HR-QoL measures were
identified, highlighting this inconsistency. Despite its rare
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assessment, the variety of reasons for LLLS is an important
factor demonstrating the need for a standardized assessment
of QoL to evaluate surgical effects across different cases [39].
Adverse events, specifically reported with the wording com-
plication, comprised 7% of reported outcomes in LLLS. How-
ever, the lack of uniformity in complication classification nega-
tively impacts the assessment of surgical outcomes and limits
evidence synthesis [8]. Our review shows that of the 149 stud-
ies, only 55 explicitly mentioned the classification system used
for complications, with half of these employing the Paley clas-
sification system, while the remainder used various other sys-
tems. Although the Paley classification system appears to have
gained relatively widespread adoption in this context, the criti-
cality of complications necessitates the creation of standardized
assessment and reporting methods in order to facilitate effective
comparisons of complications across LLLS studies.

Limitations

In line with COMET guidance to maintain focus and man-
ageability [6], we limited our inclusion to studies published
after 2020, employing a data-saturation strategy. This time-
frame captures advancements in emerging technologies, such
as intramedullary lengthening nails and computerized external
fixators. While these technologies are tangential to the mea-
sured outcomes and have no direct relationship to the tech-
niques used, their inclusion aligns with the forward-looking
nature of the COS initiative. Excluding pre-2020 studies may
theoretically omit rare outcomes; however, this is unlikely,
given the cumulative nature of scientific research and the reli-
ance of recent studies on prior findings. Focusing on recent
years is also expected to result in more articles incorporating
patient-reported outcomes (PROs), which reflects contempo-
rary research trends. A confirmatory analysis of highly cited
articles from 1995 to 2020 further ensured that no relevant
outcomes were missed.

Despite capturing all relevant outcomes, our review may
not fully reflect the lived experiences of patients undergoing
LLLS, an area to be explored in an upcoming qualitative study
[24]. Furthermore, restricting the review to English-language
studies may limit its generalizability. The included studies
predominantly represent high-income countries, particularly
the USA (44 studies, 29%), with limited representation from
lower/middle-income nations, highlighting the resource-
intensive requirements of LLLS [43,44].

Although subjective mapping of outcomes using the
COMET taxonomy may introduce minor inconsistencies, this
framework effectively identifies knowledge gaps. Any gaps
would have indicated incomplete data saturation. However, an
analysis of outcome distribution within the COMET domains
confirmed that all anticipated outcomes were present and
appropriately mapped, demonstrating the comprehensiveness
of this study. Finally, the reliance on retrospective data, with
88% of studies being single-center and including only 1 RCT,
underscores a lack of high-level evidence.

Conclusion

We showed deficiencies in outcome reporting for LLLS,
especially in terms of outcome variability and the absence of
patient-centered measures. It is crucial to reach a consensus
among researchers and clinicians on defining and measuring
outcomes. There should be a greater emphasis on quality-of-
life outcomes, alongside exploring qualitative patient experi-
ences and actively involving patients in developing a COS.
Establishing and implementing a wide consensus for this COS
to standardize outcome measurement might enhance evidence
quality and improve management practices. The outcomes
identified in this scoping review will be incorporated into a
series of Delphi consensus processes to achieve this goal.

Supplementary data

Appendices 1-4 are available on the article homepage, doi:
10.2340/17453674.2024 42488
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