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Abstract

Background The LIMB-Q is a newly developed patient-reported outcome measure (PROM), applicable for lower extremity
trauma patients requiring fracture treatment, soft tissue debridement, reconstruction, and/or amputation. The aim of this
study was to translate and linguistically validate the LIMB-Q from English to Danish.

Method The translation and linguistic validation were performed by combining guidelines from the World Health Organiza-
tion (WHO) and the International Society for Pharmacoeconomics and Outcomes Research (ISPOR). This approach involved
2 forward translations, a backward translation, an expert panel meeting, and 2 rounds of cognitive patient interviews. The
main goal of these steps was to achieve a conceptual translation with simple and clear items. Feedback from the Danish trans-
lation was used in combination with psychometric analyses for item reduction of the final international version of LIMB-Q.
Results In the forward translation, 6 items were found difficult to translate into Danish. The two translations were harmo-
nized to form the backward translation. From the backward translation, 1 item was identified with a conceptually different
meaning and was re-translated. The revised version was presented at the expert panel meeting leading to revision of 10
items. The cognitive patient interviews led to revision of 11 items. The translation process led to a linguistically validated
and conceptually equivalent Danish version of the LIMB-Q.

Conclusion The final Danish LIMB-Q version consisting of 16 scales is conceptually equivalent to the original and ready
for field-testing in Denmark.

Level of evidence: Not gradable.

Keywords Translation - Cultural adaptation - Patient-reported outcome measures - Amputation - Limb salvage - Lower
extremity - Trauma - Quality of life - Patient satisfaction
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Introduction

Lower extremity injuries from the acetabulum to the toes
are common; however, they vary in complexity and their
impact on patients [1]. Having a severe lower extrem-
ity (LE) injury can be devastating and lead to a signifi-
cant reduction in health-related quality of life (HRQL)
[2, 3]. Treatments vary, ranging from fracture reduction
and open fixation with or without debridement to multi-
ple surgeries in an attempt to salvage severely mangled
extremities, and in some cases primary or secondary
amputation. Several systematic reviews [4-8] attempted
to offer recommendations regarding the optimal treatment
strategy for severe LE injuries but they failed to establish
a definitive consensus. A common trend for these studies,
examining the patient perspective, was the use of patient-
reported outcome measure (PROMs) that were either
generic or not developed for severe LE trauma necessitat-
ing limb reconstruction and/or amputation. PROMs assess
outcomes that are subjective and can only be reported
by patients, such as pain or HRQL. Generic PROMs can
be used for comparison between lower extremity trauma
patients and the general population or other conditions.
However, they lack the specificity required to accurately
assess outcomes that are important to these patients. Con-
sequently, they are unsuitable to accurately assess out-
comes for these patients and to draw valid conclusions
about their treatment. LE injuries and the resulting treat-
ment have a widespread impact on patients’ lives [3, 9].
Therefore, capturing what is important to these patients
with PROMs is of paramount importance. However, to
be able to draw evidence-based conclusions, a rigorously
developed and condition-specific PROM must be used.
Mundy et al. found [10] that there is a lack of PROMs
specifically developed for lower extremity trauma patients
undergoing reconstruction and/or amputation. This has
prompted the development of the LIMB-Q questionnaire.
The LIMB-Q is a condition-specific PROM applicable
to adults who have experienced an LE trauma below the
mid-femur, and have undergone fracture surgery, soft tis-
sue debridement, reconstruction, and/or amputation as
part of their treatment [9-12]. LIMB-Q was developed
following international guidelines [13-20] in an inter-
national, multi-disciplinary collaboration of orthopedic
and plastic surgeons working closely together with PROM
development research scientists [11]. In the first phase,
a conceptual framework and preliminary set of 20 scales
containing 382 items were developed from 33 qualitative
interviews with LE trauma patients [9—11]. In the second
phase, further refinements of the scales and content valid-
ity were established through 12 cognitive patient inter-
views and input from 43 experts [12]. The third phase
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consisted of a field-test and was conducted in the USA
and the Netherlands simultaneously with the present study
[21]. To the best of our knowledge, LIMB-Q is the only
rigorously developed PROM specifically for LE trauma
patients, relevant to patients following fracture surgery,
soft tissue debridement, and reconstruction as well as
amputation [10]. The aim of this study was to perform an
advanced Danish translation and cultural adaptation of the
20 preliminary LIMB-Q scales, and provide feedback for
the LIMB-Q developers to be used together with field-test
data to achieve a final Danish and International version
of the LIMB-Q.

Materials and methods

Prior to conducting this study, approval was obtained from
the Danish Data Protection agency, and approval to trans-
late the LIMB-Q was obtained from LIMB-Q developers.
The translation process followed the method described by
Poulsen et al. [22] combining ISPOR [19] and WHO guide-
lines of translation and cultural adaptation (Fig. 1). An inter-
view guide for patients’ interviews and excel worksheet from
August 2021 were provided for data collection by the LIMB-
Q developers and were used throughout the process. The
interview guide focused on identifying instructions, items,
or response options that were difficult to understand. To get
further insights, all participants in this study were asked if
the content of the scales was relevant and comprehensive
(i.e., no key aspect was missing) [23]. These results were
used to inform item selection in the psychometric analysis
to finalize content included in the LIMB-Q making this an
advanced translation [21].

Forward translation

Forward translations of the field-test version of the LIMB-Q
scales were performed by both a professional translator and
a clinician, creating two independent translations. Both indi-
viduals were native Danish speakers and fluent in English.
Discrepancies between the two translations were discussed
and resolved in a reconciliation meeting. If the translators
could not reach an agreement, discrepancies were discussed
with the LIMB-Q developers. The forward translation pro-
cess led to the Danish LIMB-Q version 1.0.

Backward translation

A professional native-English translator, who was flu-
ent in Danish, performed the backward translation of
the Danish LIMB-Q version 1.0 into English. The back-
ward translation was sent to the LIMB-Q developers and
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Fig. 1 Translation and trans-cultural adaptation process

compared with the original English version. All discrep-
ancies were noted and discussed with LIMB-Q developers
(AFK, LRM). Items with a different conceptual meaning
from the original English version were re-translated and
discussed. This step continued until a satisfactory result
was achieved, leading to the Danish LIMB-Q version 2.0.

LIMB-Q Danish version 4

Review of cognitive
debriefing results with
developers

Expert panel meeting
An expert panel meeting was conducted. The aim was

to identify and resolve any Danish content that could be
improved upon (e.g., made simpler or clearer), and to

@ Springer



1258

European Journal of Plastic Surgery (2023) 46:1255-1264

confirm all clinically relevant issues that might be unique to
a Danish population were captured. The panel consisted of
two forward translators, one backward translator, two plastic
surgeons, two orthopedic surgeons, one nurse with expertise
in lower limb injuries, one physiotherapist, two patients, and
a notetaker. Prior to the meeting, the Danish version 2.0,
translation guidelines, and instructions were sent for the par-
ticipants to review. Feedback was discussed with the LIMB-
Q developers and integrated into the Danish version 3.0.

Cognitive debriefing interviews

Two rounds of cognitive debriefing interviews with patients
were performed to determine if the instructions, items, and
response options were easy to understand, relevant, and
comprehensive. All interviews were performed by the first
author. Prior to these interviews, participants were provided
with instructions, asked to read the PROM, and note any
difficulties. Interviews were performed online, by phone, or
in person. In the first round, 10 patients were included and
evaluated the Danish version 3.0. Any difficulties experi-
enced by the patients or comments about relevance and com-
prehensiveness were noted in the excel worksheet. Findings
were discussed with the LIMB-Q developers. After round
1, the original LIMB-Q field-test study ended and psycho-
metric analysis was conducted leading to item reduction.
Findings from the Danish translation were used to inform
item selection of the field-tested LIMB-Q version [21]. The
Danish version 3.0 was shortened to reflect the finalized ver-
sion of the LIMB-Q, leading to the Danish version 3.1. This
version was evaluated in round 2 by two patients to ensure
that final changes based on the field-test study and the first
round of cognitive interviews were acceptable, leading to
the Danish version 4.0.

Proofreading and finalization

The first author and a research assistant independently proof-
read the Danish LIMB-Q version for spelling and grammati-
cal errors, leading to the final Danish LIMB-Q.

Results

Forward translation

Discrepancies between the two forward translations were
consistent with different views on the language and different
knowledge about the patient group and medical terms. The

primary discrepancy was the translation of “lower limb.”
The clinician translated “lower limb” to “lower extremity,”
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and the professional translator translated the word to “lower
leg.” However, lower leg does not include the entire lower
extremity, as intended for this term. The reason for the dis-
crepancy was the term “lower limb” does not exist in the
Danish language in the same way it does in English. The
solution, after discussion with the LIMB-Q developers, was
to add examples: “Leg (e.g., foot, ankle, lower leg, knee,
thigh).” In total, 16 items were found difficult to translate
into Danish, three required discussions with the LIMB-Q
developers, and ultimately nine items that were problematic
in the translation were dropped based on the results of the
international field-test.

Backward translations

The developers compared the original English LIMB-Q
version with the backward translated Danish LIMB-Q ver-
sion 1.0. They identified that an instruction in the finan-
cial scale and one item in the sexual scale had a differ-
ent meaning. No alterations were made to the instruction,
which was eventually removed after the field-test. The item
in the sexual scale was rephrased. The original item was
“Find sex physically easy with your lower limb?” and the
backtranslation was “Are not physically hampered by your
leg during sex?” The item was rephrased into “finds sex
physically easy despite your leg” and discussed during the
expert panel meeting.

Expert panel meeting

The expert panel meeting was conducted virtually and
lasted 2 h. It included a presentation of the original English
version, the backtranslation, and the Danish version. All
items and all scales were evaluated. Items that were found
troublesome in previous translation steps were discussed
in depth. The experts identified eight items for discussion
with the LIMB-Q developers, and 15 items to be further
explored in the cognitive interviews. As a representative
example, the term “energy” in the item “How much energy
it takes to walk using the prosthesis” was found unclear.
The experts suggested to change “energy” to “strenuous” or
“exhausting.” In the cognitive interview, the patients were
presented with this change and asked which wording they
preferred. In total, the expert panel meeting resulted in the
revision of 30 items. Of these 30 items, 20 were deleted
after the field-test.

Cognitive debriefing interviews

A total of 12 patients participated in the cognitive inter-
views. Purposeful sampling was used to recruit for a variety
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Table 1 Patient demographics

Round 1 Round 2
N % N %
Gender
Male 6 60 1 50
Female 4 40 1 50
Age in years, mean (range) 548 26-72y 515 3865y
Injury mechanism
Crush injury 1 10 -
Motorcycle 3 30 1 50
Pedestrian/cyclist hit by car 2 20 -
Fall 3 30 1 50
Other 1 10 -
Injured leg
Unilateral 8 80 2 100
Bilateral 2 20 -
Time since injury
<1 year 4 40 -
1-4 years 5 50 1 50
>7 years 1 10 1 50
Treatment outcome
Reconstruction:
Bone 4 40 -
Soft tissue 1 10 -
Bone + soft tissue 3 30 -
Amputation:
Early amputation 1 10 1 50
Delayed amputation after 1 10 1 50
failed reconstruction
Use of assistive devices
None 5 50 -
Prosthesis 2 20 1 50
Wheelchair and walker - 1 50
Crutches 3 30 -

in injury severity and treatment needs. Participant charac-
teristics are described in Table 1. In the first round, all 20
LIMB-Q scales were examined. All instances of partici-
pants stating that a scale, instruction, response options, or
any items were not easy to understand, not relevant, or miss-
ing concepts were noted in an Excel worksheet. After the
LIMB-Q was reviewed, participants provided feedback on
the items that were identified as problematic by the expert
panel, which led to revision of two items. At the end of this
round, a total of 20 items were deemed problematic items
and shared with the LIMB-Q developers to inform item-
reduction as part of the psychometric analysis. Of these,
eight items were excluded from the final version. After
psychometric analysis and feedback from translations into

German, Dutch, and Danish, the LIMB-Q was reduced to
16 independently functioning scales, with a total of 164
items, measuring the 4 domains: Limb, HRQL, Experience
of care, and Treatment. The item-reduced version of the
LIMB-Q included 12 items that were deemed potentially
problematic in the translation. For example, one item asked,
“The color of the amputated part of your limb?.” Patients
found it strange to ask about the color of something that
was removed, and it was rephrased into “The color of your
residual limb.” Of the 12 items, nine were revised based on
patient feedback to improve comprehensibility. In the sec-
ond round, the Danish LIMB-Q version 3.1, which included
16 scales (164 items), was examined by the participants.
Two items were revised, one to include the clarification
“(e.g., not as flat as you would like)?” and the other item
was rephrased. These changes lead to the Danish version
4.0. Examples of discrepancies and changes made in the
translation process are available in Table 2.

Proofreading

Minor grammatical mistakes, spelling, layout, and puncta-
tion changes were made. The final LIMB-Q measures four
domains: Limb, HRQL, Experience of care, and satisfaction
with Treatment. Each domain ranges between three to six
scales, and each scale can be used separately. The conceptual
framework is available in Fig. 2.

Discussion

In this study, we translated from English to Danish the
field-test version of the LIMB-Q, following a rigorous
scientific process combining ISPOR [24] and WHO
guidelines as described by Poulsen et al. [22]. Following
the translation process, we achieved a culturally adapted
and conceptually equivalent Danish LIMB-Q version.
Together with psychometric analysis, the LIMB-Q team
used feedback from the various translation teams (Danish,
Dutch, German) in the final item selection, promoting a
greater international relevance [21]. This combination of
the data with the international field test led to the final
LIMB-Q.

The final version of LIMB-Q consists of 16 scales with
164 items, with response options ranging from 3 to 4. The
psychometric analysis, described elsewhere [21], shows that
the LIMB-Q evidenced reliability and validity for LE trauma
patients, including those undergoing fracture fixation, soft
tissue reconstruction, or amputation. Using PROMs is espe-
cially important in LE trauma patients given how impactful
these injuries are on patients’ lives. To ensure the LIMB-Q

@ Springer
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Fig.2 Conceptual framework of
the final LIMB-Q
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content is relevant to Danish people with LE trauma, we
recruited a diverse sample of 14 patients who took part in
the expert panel and cognitive debriefing interviews. This
exceeds the ISPOR recommendation of 5 to 8 respondents
[24]. A larger sample was selected to help ensure we ade-
quately captured the diversity of the lower extremity patient
experience, and that all linguistic changes were easily com-
prehensible, acceptable, and relevant for lower extremity
trauma patients. We included seven people with assistive
devices to maximize the likelihood that the content was rel-
evant to this patient group [25].

Despite LIMB-Q being developed in different countries,
cultures, and health systems, the Danish patients found that
the content of LIMB-Q was relevant to them. However,
in some cases, the experts and patients disagreed about
which items or scales were relevant. For example, most of
the experts thought the financial scale was irrelevant, as
everybody has access to healthcare in Denmark. In cogni-
tive interviews, 9 out of 12 participants disagreed, as they
experienced a financial impact from lower income due to
sick leave, early retirement, or expenses for prostheses and
assistive devices. This clearly illustrates the importance
of actively involving patients to ensure the relevance and
comprehensiveness of such measures, and that PROMs
cannot be effectively undertaken by clinicians or research-
ers alone. As expected, the heterogeneity of the injuries and
varying stages of recovery resulted in patients exhibiting
diverse levels of physical function. After item reduction, 22
items were removed from the function scale. The content
of the remaining 15 items and notes from the cognitive
interviews was discussed with the LIMB-Q developers. It
became clear that the function scale was only applicable
for patients who were capable of walking to some extend

(ambulating). This criterion was therefore included in the
instructions.

There were certain limitations to our study. Firstly, the
cognitive debriefing interviews and expert panel meet-
ing were not recorded. Consequently, we had to rely on
the notes taken by the interviewer and the notetaker for
reference. Nonetheless, all items that were perceived as
unclear, irrelevant, or missing in the scales during the
interviews were noted in the excel worksheet for further
consideration. Furthermore, the main goal of this study
was to perform a linguistic validation and cultural adaption
of the LIMB-Q rather than focusing on a comprehensive
content validity assessment. The advanced Danish transla-
tion of the LIMB-Q was initiated while the international
field-test was already in progress. As a result, the Danish
feedback could only be used to guide item reduction and
refinement, rather than making significant modifications,
such as adding new content to the field-test version [26].
The translation process is carried out iteratively, acknowl-
edging that the final decisions regarding wording, exam-
ples, and phrasing involve a certain degree of subjectiv-
ity. This is done to ensure consistency across translation
and to address any linguistic nuances or cultural variances
that may arise. However, by including a large number of
experts and patients, only relevant adjustments were made.
We did not include a prosthetist in the expert panel; how-
ever, both a physiotherapist and a patient with an osseoin-
tegrated prosthesis were included. Finally, the versatility
of the LIMB-Q is both an advantage and a limitation. It
covers a wide range of conditions, including life-changing
amputation, failed treatments lasting for years, orthoplas-
tic approaches, and minor injuries like ankle fractures.
However, not all items may be relevant to every patient
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group, which can be considered a limitation. Additionally,
it should be noted that the LIMB-Q is not suitable for pedi-
atric patients. Instead, a separate questionnaire called the
LIMB-Q Kids is developed for pediatric patients with limb
deformities [27-30].

There are several strengths associated with the trans-
lation process. The utilization of both ISPOR and WHO
guidelines secured a thorough translation considering that
there are variations and differences between the guidelines
provided by these two organizations [22]. The most signifi-
cant difference is the recommendation of an expert panel
meeting by the WHO and the more detailed description
of the translation process by ISPOR. The methodology
has been found valuable in several studies [22, 28, 31]. By
translating the LIMB-Q before the item-reduction phase, we
provided feedback about problematic items to the develop-
ers. This feedback was used alongside other psychometric
evidence to make final decisions about which items and
scales to retain in the item-reduction phase. This ensured
that only the best items were kept in the final LIMB-Q. By
including patients in the expert panel, the patient’s voice
was well integrated, and clinician-driven changes that
were not reflective of patients were stopped prior to cog-
nitive debriefing interviews. This prevented unnecessary
re-translations, but also ensured patient understanding of
those items that needed to be rephrased, saving time and
unnecessary discussions.

In conclusion, a conceptually equivalent and culturally
adapted Danish version of the LIMB-Q is now available
for Danish patients with LE injuries below the mid-femur
requiring fracture surgery, soft tissue reconstruction, and/
or amputation. The Danish LIMB-Q is available at https://
gportfolio.org/ and can be used to measure a wide range of
outcomes important for these patients. The next step will
include a psychometric validation, to ensure that the PROM
is reliable and valid in the Danish population.
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