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Abstract

Background Upper extremity (UE) involvement is prevalent in 73% of individuals with arthrogryposis multiplex
congenita (AMQ), yet no AMC-specific outcome measure exists. When developing a measure specific to a population
with a rare musculoskeletal condition, clinicians'and patients’ perspectives and involvement is a crucial and necessary
step. This study sought to determine the most clinically useful items for an outcome measure of UE function for chil-
dren with AMC as defined by caregivers and clinicians.

Methods To ensure the perspectives and needs of caregivers of children with AMC and clinicians were consid-
ered in the development of the UE measure for AMC, a Nominal Group technique (NGT) with caregivers of children
with AMC (phase 1) followed by a three-round survey with clinicians (phase 2) were carried out.

Results Phase 1: Eleven individuals participated in the nominal group technique and identified 32 items. The most
important items were Picking up an object (n=11), Eating (n=10), Reaching mouth (n=10), Getting out of bed
(n=10). Phase 2: Invitations to participate to an online survey was sent to 47 experts in the field of AMC, 20 partici-
pants completed round 1, 15 completed round 2 and 13 completed round 3. Throughout the survey, participants
were asked about movement required to screen the UE, essential domains to be included in the measure, establish-
ing a scoring guide and identifying tasks associated with joint motion and position.

Conclusion A preliminary version of an UE AMC-specific outcome measure was developed with the help of caregiv-
ers' perspectives and expert opinions.
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Plain English summary

Arthrogryposis multiplex congenita (AMC) is a rare musculoskeletal condition affects the joints and muscles

of the body. In about 70% of the cases, it affects the upper extremities (UE). However, there is no specific outcome
measure for UE function in children with AMC. An outcome measure refers to a tool or method used to assess

and measure the results or effects of a particular treatment, intervention, or condition. It helps healthcare profes-
sionals and researchers understand the impact or outcome of a specific situation, such as the level of improvement
or changes in a person’s health or function. The goal of this study was to develop such a measure while account-

ing for the perspectives of youth with AMC, their caregivers and clinicians. To achieve this, a study was conducted

in two phases. In the first phase, a Nominal Group technique (NGT) was used to gather input from caregivers of chil-
dren with AMC. Eleven individuals participated and identified 32 items, with the most important being picking

up an object, eating, reaching the mouth, and getting out of bed. In the second phase, a three-round survey was sent
to 47 experts in the field of AMC, with 20 participants completing the first round, 15 completing the second round,
and 13 completing the third round. The survey asked participants about screening UE movement, essential domains
to include in the measure, establishing a scoring guide, and identifying tasks associated with joint motion and posi-
tion. With the help of caregivers' perspectives and expert opinions, a preliminary version of an UE AMC-specific out-
come measure was developed. This measure will be useful in assessing the UE function in children with AMC and will
aid clinicians in developing appropriate treatment plans for this rare condition.

Background

In the last 10 years, patient engagement in health
research has emerged as the next evolution in health-
care delivery [1-3]. The Canadian Institute for Health
Research’s Strategy for Patient Outcome Research
(SPOR) defines patient engagement in health research as
“occur[ing] when patients meaningfully and actively col-
laborate in the governance, priority setting, and conduct
of research, as well as in summarizing, distributing, shar-
ing, and applying its resulting knowledge” [4]. Involve-
ment of key stakeholders, which includes patients, in the
development of outcome measures to be used in clinical
research is essential [5, 6]. Indeed, de Vet et al. (2011)
state that instruments to measure functioning should be
developed in close cooperation with experts (i.e. clini-
cians who have extensive expertise on target population
or patients’ lived experience) [7]. When developing a
measure specific to a population with a rare musculoskel-
etal (MSK) condition, clinicians, patients’ and caregivers’
perspectives and involvement is a crucial and necessary
step. One such MSK condition is arthrogryposis multi-
plex congenita (AMC).

AMC is a term used to describe a group of congeni-
tal conditions characterized by joint contractures in
two or more body areas [8]. Treatment involves reha-
bilitation and orthopedic surgery with multidiscipli-
nary team members to maximize the capacity and
performance of the child with AMC to provide the
best outcomes throughout the lifespan [9]. The multi-
disciplinary team consists of the child and their family
with varied healthcare professionals (e.g., orthopedics,
genetics, neurology, rehabilitation) depending on the

child’s involvement. AMC can affect the upper and/or
lower extremities as well as other body areas such as
the gastrointestinal, genitourinary and central nerv-
ous systems [10]. The lower extremities are involved
in 89-95% of cases [11], while individuals have upper
extremity (UE) involvement in about 73% of cases [12].
The most frequent clinical presentation of the UE at
birth has been described as internal rotation of the
shoulders, extension of the elbows, flexion of the wrists,
thumb-in-palm deformity, and variable movement in
the fingers [12, 13]. According to Hamdy et al. (2019),
UE function is the most determining aspect of quality
of life and independent living for individuals living with
AMC as it pertains to daily activities such as dressing,
perineal hygiene, grasping, use of mobility aids when
needed, and feeding [11].

According to Wagner et al. [9], rehabilitation practi-
tioners (i.e., occupational therapists (OTs) and physical
therapists (PTs)) enable function and help individuals
with AMC participate in meaningful activities [14—16].
Outcome measures can be defined as a tool or method
used to assess and measure the results or effects of a
particular treatment, intervention, or condition. The
use of outcome measures can help clinicians evaluate
a child’s capacity and performance and determine a
treatment plan based on the child’s needs. OTs and PTs
use a variety of outcome measurement and evaluation
tools to assess a patient’s level of functioning. Although
many outcome measures exist, some were developed
specifically to assess and evaluate a region of the body
and others were tailored for specific pediatric popula-
tions [17].
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Currently, clinicians utilize generic measures aimed
at overall assessment of functional performance and/or
motor function as there are no AMC-specific outcome
measures that exist. These standardized measures pro-
vide important information on the child’s level of func-
tion. However, they were not developed for children
with an UE deformity, do not inform as to which spe-
cific joint or muscle limits functional performance, and
may not reflect the adaptations or compensatory strate-
gies used by children with AMC (for example, using feet
or mouth for activities). For example, the Functional
Dexterity Test was developed to measure manual dex-
terity skills for functional fine motor coordination tasks
performance in adults and children [18] whereas the
Shriners Hospital Upper Extremity Evaluation (SHUEE)
was designed to evaluate UE function in hemiple-
gic cerebral palsy in children between 3 and 18 years
of age. Although some generic UE outcome measures
have been used with the AMC population, these have
not been validated for a standardized evaluation [19].
Indeed, during the Second International Symposium on
Arthrogryposis held in St. Petersburg, Russia in 2014, a
need for the development of a standardized assessment
of short- and long-term outcomes was identified [20].
The authors explored what is currently known regard-
ing participation among children and youth with AMC
[21] as well as identified the needs surrounding reha-
bilitation according to youth with AMC and caregiv-
ers [22]. In a preliminary study on the development of
a standardized AMC-specific outcome measure, the
authors identified an item bank of the most frequently
reported pediatric performance-based outcome meas-
ure (PBOM) of UE function and linking their content
to the International Classification of Functioning, Dis-
ability and Health (ICF) [23]. In the scoping review,
the authors defined UE function as UE coordination,
motor function, sensation, muscle strength, and stabi-
lization. In order to engage caregivers and clinicians,
the aim of this study consisted of identifying, according
to their expertise, the most clinically useful items for
an outcome measure of UE function for children with
AMC. The ICF framework and definitions were used
exclusively for all phases of the development of the UE
AMC-specific outcome measure.

Methods

This study received institutional approval in May 2021
(CAN2103) and ethics approval from the institutional
review board of McGill University’s Faculty of Medicine
in May 2021 (A03-B15-21A).
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To ensure the perspectives and needs of caregivers of
children with AMC as well as clinicians were considered
in the development of the UE measure for AMC, a Nomi-
nal Group technique (NGT) with caregivers of children
with AMC (phase 1) followed by a three-round survey
with clinicians (phase 2) were carried out. These two
phases are described below.

Phase 1: patient engagement nominal group technique
The NGT is a structured face-to-face small group dis-
cussion aimed at reaching consensus and providing a
prompt result for researchers [24, 25]. The NGT gathers
information by asking individuals to respond to ques-
tions posed by a moderators, and then asking partici-
pants to prioritize the ideas or suggestions of all group
members [24]. The four steps used for the NGT included:
(1) generating items, (2) recording items, (3) discussing
items, and (4) voting on items [24—26]. During a break-
out session at the 14th Annual Arthrogryposis Multi-
plex Congenita Supper Inc. (AMCSI) Conference in July
2019 in Norfolk, USA, youth and adults with AMC and
their caregivers were invited to participate in an open
group discussion to gather and exchange ideas regard-
ing the future development of an UE outcome measure
specific for children with AMC. As AMC is comprised
of a group of heterogeneous conditions with varying
levels of severity and involvement, any individual pre-
senting with multiple congenital contractures as well as
other comorbidities such as CNS involvement and their
caregivers were invited to participate. The session was
audio-recorded, and interested participants were asked
to verbally consent to participate.

The meeting took place in a closed room where all
participants were able to talk freely and confidentially.
An opening statement where an agenda as well as the
importance of each member’s contribution was pre-
sented by PowerPoint. In order to address the first step
of the NGT, the overall statement presented looked to
answer the following:

When a therapist or rehabilitation professional is
assessing you or your child’s arm/shoulder/elbow/
wrist/hand/finger, what do you think is an impor-
tant aspect or item to consider in this evalua-
tion (it could be a simple task or an activity that
requires many steps.

Each participant was asked to answer the above
statement, with as many responses, silently and
independently, on a piece of paper provided by the
research team. The second step consisted of engaging
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all participants, one at a time, in a round-robin feed-
back session to concisely record each item (without
debate). The round-robin continued until each par-
ticipants’ items had been documented. The third step
entailed discussing each item to determine the clarity
and importance. For each item, the principal author
asked participants if they had any questions or com-
ments regarding the item or if they required clarifica-
tion. Finally, the fourth step involved voting on the
items generated. The voting consisted of asking each
participant to categorize each of the identified items
as A) Important and essential, B) Important but not
essential, and C) not relevant. Each participant voted
independently.

Phase 2: clinician opinion using a three-round survey

The survey consisted of pre-selected items drawn from
preliminary work [21-23] as well as the findings of the
NGT. The participants included in the survey were cli-
nicians as phase 2 focused not only on the development
of items but also on creating a scoring guide to be used
during clinical evaluations. Approximately 50 clinicians
in the field of AMC were invited to participate in a three-
round survey. These clinicians included PTs, OTs, certi-
fied hand therapists, orthopedic surgeons, and physical
rehabilitation technicians. The clinicians were identified
during the 3 International Arthrogryposis Symposium
in Philadelphia, USA, in 2018. Invitations to participate
in the survey process were sent by e-mail, explaining the
purpose of the project, with a link to an electronic survey
using the Qualtrics online platform. Participants were
asked to complete the survey within a 1-month time-
frame. A weekly reminder was sent using the Qualtrics
software. Clinicians were eligible to participate regardless
of location or setting of practice, as long as they had at
least 2 years’ experience working with the pediatric AMC
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population. A summary of the surveys and can be found
in Fig. 1.

Based on findings of preliminary work [21-23], the
authors prepared a draft version of the survey which
included the purpose of the measure, the inclusion/
exclusion criteria, consent waiver link, demographic
information, as well as “must have” items of the outcome
measure to be included.

The first-round of the survey asked each clinician a
series of demographic questions (i.e., profession, country
of residence, type of work setting, years of practice, years
of experience with AMC, number of children with AMC
they have worked with, healthcare professionals on their
team). In addition, clinicians were presented a series of
questions related to domains of performance-based items
and domains of scoring such as range of motion. Simi-
larly to Lawshe’s method of content validation, expert cli-
nicians were asked to rate each item as essential, useful
but not essential, and not necessary [27]. A comment box
was made available throughout the survey and for each
item should the participants have additional comments
to raise. Invitations to participate in the second and third
round survey were only sent to clinicians who had previ-
ously completed or partially completed the prior rounds.

During the second-round survey, clinicians were pre-
sented with the preliminary version of the purpose of the
measure and the scoring guide. Clinicians were asked to
determine item clarity and word choice for the different
subtasks. They were also asked which joints should be the
focus as well as the hierarchy of scoring used for analysis
of joint motion and position score.

For the third and final round, the clinicians were pre-
sented with the final version of the purpose of the meas-
ure and the scoring guide. Clinicians were asked to look
at the measure as a whole and provide any comments
regarding scoring, overall layout and clarity of content.

eDemographic ® Purpose of the e Qualitative
information measure questions added
eMovement/ROM identified  Modifications of

required to screen

e Scoring guide

tasks and items

eEssential domains
and items were
selected

Fig. 1 Description of each survey round for the clinicians

implemented

e Tasks identified
with associated
analysis of joint
motion and
position
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Table 1 Items pool during the patient engagement nominal group technique

Item # Item name Voting score
1 Ability to participate in social games with family members (board games, ball catch) 9
2 Ability to participate in recess at school with peers (elementary) 7
3 Ability to use adapted objects 8
4 Autonomy (individualized goals) 10
5 Putting on pants 9
6 Satisfaction with completion of tasks 7
7 Eating (holding a bottle) 10
8 Using spoon/fork 9
9 Range of motion of shoulder, elbow, wrist, and fingers 7
10 Picking up an object 11
1 Constantly re-evaluating 7
12 Everyday living 9
13 Milestones-appropriate goals 9
14 Holistic, global approach 6
15 Writing 8
16 Bilateral hand use 8
17 Active vs. passive ROM 8
18 Reaching mouth 10
19 Playing at midline 8
20 Throwing 7
21 Dressing (donning and doffing coat) 9
22 Brushing teeth 9
23 Getting out of bed 10
24 Natural vs. clinical environment 7
25 Completing activities per age (developmental milestones) 8
26 Routine breakdown 8
27 Preparing food 7
28 Driving a car 7
29 Opening a door using a key 7
30 Managing hair 8
31 Light switches 8
32 Scoring and recommendations (caregivers wanted to understand what the scores of their child’s perfor- 7

mance on outcome measures represented and how it impacted treatment recommendations)

Descriptive analysis was provided for both phases, par-
ticularly the three-round surveys. Results arising from
partially completed surveys we’re not included and were
considered as non-complete for our analysis.

Results

Phase 1: patient engagement nominal group technique
During the 14" Annual Arthrogryposis Multiplex Con-
genita Support Inc. (AMCSI) Conference, a total of 11
individuals (7 mothers, 3 fathers, and 1 adult with AMC)
participated in the NGT and identified 32 items. The
detailed list of identified items can be found in Table 1.
According to the voting system, the most important and
essential items identified were the following: Picking

up an object (n=11), Eating (n=10), Reaching mouth
(n=10), Getting out of bed (n=10), Using spoon/fork
(n=9), Putting on pants (n=9), Dressing (donning and
doffing coat) (n=9), Brushing teeth (n=9), and Ability to
participate in social games with family members (n=9).

Phase 2: clinician opinion using a three-round survey
Of the 47 clinicians invited to the first-round of survey,
20 completed the first round, 15 the second round, and
13 completed the third round. Demographic information
of the participants for each completed survey round can
be found in Table 2.

The first-round survey questionnaire can be found in
Additional file 1. The clinicians (n=20) had on average
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Table 2 Demographic information of the clinicians in the Three-Round Survey

Round 1 (n=20) Round 2 (n=15)

Round 3 (n=13)

Occupation Country Work setting Occupation  Country Work setting Occupation Country Work setting
Orthopedic USA (n=13) Hospital (n=16) Orthopedic USA (n=10) Hospital (n=12) Orthopedic USA (n=8) Hospital (n=11)
surgeon Surgeon surgeon
(n=9) (n=6) (n=4)
PT (n=4) Canada (n=3) University (n=1) PT (n=2)* Canada (n=2) Speciality Hospi- PT (n=4)* Canada (n=2) University (n=1)
tal (n=2)
OT (n=6) Poland (n=2)  Speciality Hospi- OT (n=7)* Poland (n=1)  Rare Disorder OT (n=5)* Poland (n=1)  Rare Disorder
tal (n=2) Center (n=1) Center (n=1)
CHT (n=1) Sweden (n=1) Rare Disorder Sweden (n=1) Sweden (n=1)
Center (n=1)

Norway (n=1)

Norway (n=1)

Norway (n=1)

OT =occupational therapist, PT=physical therapist, CHT = certified hand therapist

“Value may change from round to round as invitations to participate in subsequent rounds were sent to clinicians that had also partially completed the preceding

survey

Table 3 Most important movement for the upper extremity screening rated by 20 clinicians (Round 1 Survey)

Shoulder Elbow Forearm

Wrist Fingers Thumb

Flexion (n=20)

Extension (n=15)

Flexion (n=19) Supination (n=20)

External rotation (n=19) Pronation (n=16)

Abduction (n=17)

Flexion (n=20)
Extension (n=17)

Extension (n=20) Opyposition (n=18)

Flexion (n=17) Extension (n=16)

Flexion (n=15)

17.86 (2-35 years) years of experience working with
children and youth with AMC. They oftentimes worked
with a multidisciplinary team consisting of pediatri-
cians (n=5), orthopedic surgeons specializing in dif-
ferent limbs (n=19), nurses (n=15), orthotists (n=17),
OTs (n=17), PTs (n=20), physiatrists (n=3), geneticists
(n=10), neurologists (n=6), social workers (n=13), psy-
chologists (n=5), speech language pathologists (n=4),
and neurosurgeons (n=2). The most important move-
ments for UE screening according to the clinicians were
elbow flexion, forearm supination, wrist extension, and
finger flexion. Other important UE screening move-
ments can be found in Table 3. Additionally, based on the
results of the first-round survey, the domains deemed to
be essential to be evaluated in the UE outcome measured
included UE weight bearing, UE to change body posi-
tion, grasp, release, reach, fine hand manipulation, dress-
ing, feeding, and toileting. The Throwing and Catching
domains were deemed useful but not essential by the cli-
nicians. Specific items can be found in Table 4.

Based on the results from the first round, the prelimi-
nary version of the UE outcome measure was created
(Additional file 2). In this second survey round, the pur-
pose of the measure was revised (i.e. describe impair-
ments, activity limitations, and participation restrictions
in the performance of daily tasks in children with AMC
to guide treatment decision-making and evaluation of

treatment effectiveness for the UE), a scoring guide for
task completion was developed (Table 5), 12 tasks and
3 descriptive questions (Table 6) were generated, and a
scoring table including analysis of joint motion and posi-
tion was derived. Fifteen clinicians completed the survey,
three partially completed it, and two did not respond.
Clinicians in the second-round survey were asked about
terminology and which joints to analyse for each task.
Table 7 presents the different terminology choices offered
to the clinicians. Based on the scoring provided by the cli-
nicians, additional joints such as wrist in task 2, forearm
in task 4, thumb, fingers, and wrist in task 6 and 7, fin-
gers, wrist, forearm, and shoulder in task 10 and shoulder
in task 12 were added to be analyzed in the scoring sheet.

The third and final round survey was sent to 18 partici-
pants (Additional file 3), 13 participants completed the
survey in its entirety and 5 partially completed it. Modi-
fications to the UE outcome measure included substitut-
ing the arc of motion of a joint to a specific direction of
movement (i.e. no external rotation, partial external rota-
tion, full external rotation vs. internal rotation, neutral,
external rotation), modifying the hierarchy of scoring,
and adding a scoring row to reflect a specific item (i.e.
reveal the bimanual nature of the task (e.g. stabilizing
with one hand and fold/cut with another). Task 12 was
removed as it was replaced with a table consisting of vari-
ous transfers capacities that the child can perform (i.e.
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Table 4 Results of essential domains and items rated by 20 clinicians (Round 1 Survey)

Domains

Essential items

UE weight bearing

Using the UE to change body position

Grasp

Release
Reach

Fine hand manipulation

Dressing

Feeding

Toileting

Uses non-dominant hand to stabilize self (n=10)

Uses upper extremity to weight bear in prone (n=9)

Uses upper extremity to weight bear in sitting with hands forward (n=9)
Pushes self from supine to sitting (n=18)

Using UE to use mobility aid (n=16)

Pushes self from sitting to standing (n=14)

Transferring from one body position to another (n=14)

Picking up a medium object (shoes, water bottle, plate etc.) (n=20)
Picking up a small object (coin, bead, pencil, etc) (n=17)

Releasing a medium object (shoes, water bottle, plate, etc.) (n=17)
Reaching for an item from waist level (n=16)

Reaching for an item by crossing the midline (n=12)

Write your name or draw something (n=20)

Opening ajar (n=15)

Closing ajar (n=12)

Puts on clothes over-head (shirt, sweater, hat) (n=20)

Pulls on pants (n=20)

Pulls down (remove) pants (n=20)

Removes shirt (n=19)

Puts on shoes (n=17)

Puts on open shirt (n=16)

Pulls up zipper (n=15)

Starts a zipper (n-=14)

Puts on socks (n=14)

Removes shoes (n=14)

Buttoning (n=13)

Unbuttoning (n=13)

Reaches mouth (n=20)

Picks up food using fork (n=17)

Places sticker on lower back (proxy for reaching to wipe buttocks) (n=19)

Table 5 Scoring guide for task completion (Round 2 Survey)

Score Description Example

0 Unable The child is unable to complete any component of the task

1 Partial completion of task passively The child can partially complete the task using passive range of motion
2 Partial completion of task actively The child can partially complete the task using active range of motion
3 Completion of task passively The child can complete the task using passively range of motion

4 Completion of task actively The child can complete the task using active range of motion

Table 6 Descriptive questions developed in Round 2 Survey

1. Does the child use their arms for using a mobility device?

2. Does the child use their arms for shifting/changing/moving body (get-
ting on or off couch/toilet etc.)?

3. Does the child use a splint for the tasks included?

bed positioning, lying to sitting, sitting to standing, toi-
let transfer, bathtub/shower transfer, getting in and out
of a car) in the descriptive questions section (Table 8).
Task 12 was no longer specific to only transferring from
lying to sitting but rather assessing all transfers required
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Table 7 Task terminology choice and rating (n=15) (Round 2 Survey)

Task Terminology choice

1. Grasp/pick up a cheerio, bring it to your mouth, place it back down in front of you, and release it/let it go Pick up (n=14)
Letitgo (n=9)

2. Grasp/pick up a water bottle/can, bring it to your mouth, place it back down in front of you, and release it/let it go Pick up (n=9)

Water bottle (n=13)
Letitgo (n=9)
3. Open the jar, pour out a few beads/macaroni/buttons, string 3 together, and close the jar
Beads (n=13)
4. Pick up the crayon/marker, write your name on this piece of paper, fold the paper, and cut it using the scissors
Marker (n=12)

5. Pick up the Play-Doh using the fork and bring it to your mouth N/A
6. Reach for a small-size ball (e.g., tennis ball) placed on the floor, throw the ball underhand. Repeat task, throwing ball overhead
N/A
7.Reach for a medium-sized ball (e.g., basketball) placed on the floor, throw the ball underhand. Repeat task, throwing ball
overhead
N/A
8. Put on a T-shirt overhead and take off the T-shirt
N/A
9. Put on vest/sweater with zipper, fasten the zipper, pull it all the way up, and pull it back down Vest (n=9)

10. Pull down your pants, reach bum/buttocks area, place a sticker on bum/buttocks area [proxy for wiping after bowel move-
ment], place sticker in between legs [proxy for wiping after urination], and pull pants back up

Buttock (n=9)
Buttock (n=9)
11.Put on a sock and take it off N/A
12. Show us how you move from lying down on your back to a sitting position
N/A

N/A signifies there was no preferred word choice option for that particular task

Table 8 Descriptive questions in Round 3 Survey

1. Does the child use their arm to:

a. Propel a wheelchair

b. Use a walking aid (cane, crutch, walker)

c. Other
2. Does the child use their arms to perform the following transfers :
Transfers Uses their arms Cannot use Cannot Describe
Right Left their arms complete
due to LE
contracture

Bed
positioning
Lying to sitting
Sitting to
standing

Toilet transfer
Bathtub/shower
transfer
Getting in and
out of a car
Other

3. Does the child use a splint/orthosis when performing the tasks included in the SHAPE-UP?
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in daily routines. The qualitative questions were edited to
include a propelling a manual wheelchair and operating a
motorized wheelchair.

Discussion

The goal of this study was to describe the process of
developing a new outcome measure of UE function
for children with AMC and identify the most clinically
useful items to be included as determined by individu-
als with AMC and their caregivers, and clinicians. The
results from the NGT and the survey yielded a first of
its kind preliminary version of an AMC-specific UE
outcome measure. The outcome measure includes
11 tasks with a total of 47 subtasks and 3 qualitative
descriptive questions. A complete scoring guide as
well as an analysis of joint motion and position was
developed.

According to the findings in phases 1 and 2, the items
identified were predominantly related to the Body Func-
tions and Structures and the Activity domains of the
ICE. This result is not entirely surprising as specific out-
come measures related to other pediatric conditions have
shown the same results. For example, in a previously
published systematic review, the authors aimed to define
and link the meaningful concepts of items contained in
three commonly administered standardised UE outcome
measures (i.e. Melbourne Assessment, Quality of Upper
extremity Skills Test (QUEST), Assisting Hand Assess-
ment (AHA)) used in cerebral palsy [28]. According to
the review, the Melbourne Assessment was reported as
a measure of the Activity domain of the ICF, the QUEST
was related to both the Body functions and Activity
domains of the ICF, and the AHA was consistent with the
Activity domain of the ICF [28]. Additionally, an article
showcasing the overview of assessments and classifica-
tion tools used to understand and measure UE function
associated with children with spasticity indicated that
the Kids-Assisting Hand Assessment, Mini-Assisting
Hand Assessment, Children’s Hand-use Evaluation Ques-
tionnaire, ABILHAND-Kids, Canadian Occupational
Performance Measure, and Goal Attainment Scaling
were linked to the Activity domain of the ICEF, the Pedi-
atric Motor Activity Log was related to Body Function
and Structure domain of the ICE, and the Melbourne
Assessment, QUEST, Box and Block of Manual Dexter-
ity, SHUEE were related to Body Function and Structure
and Activity domains of the ICF [29]. Pediatric specific
UE outcome measures used in clinical settings across dif-
ferent diagnoses have been shown to be focused more on
the Body Functions and Structures and Activity Domains
of the ICF. Indeed, there was a need surrounding the Par-
ticipation and Environment domain of the ICF that was
identified in a recent publication [22]. Youth with AMC
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stated that rehabilitation focused primarily on physi-
cal limitations which did not always correspond to the
youth’s specific participation needs [22]. Therefore, the
throwing and catching subtasks were kept in the measure
even though they were deemed useful but not essential in
the survey, as it was important to consider participation
based on the needs identified by key stakeholders, in this
case individuals with AMC.

The clinical implications of involving both individuals
with lived experience as well as clinicians with expertise
in the field of AMC in the development of an outcome
measure is twofold. The first implication is having a com-
plete picture of the needs surrounding the evaluation and
intervention provided to the child with AMC. Phase 1 of
this project (i.e. NGT) allowed for patient engagement
and highlighted the importance of including the Par-
ticipation domain of the ICF in the development of UE
outcome measure. Involving youth and caregivers in the
development of outcomes and clinical research has been
shown to be feasible and valuable to studies [30]. The
second clinical implication is to help increase awareness
and public interest of children and youth with rare mus-
culoskeletal conditions. Establishing a network of patient
partners and clinicians in rare diseases is important to
help increase the quality of studies being published and
disseminating the results to the population in question.

Limitation and future work

Although youth with AMC and caregivers were invited
to participate in the NGT at the 14th Annual AMCSI
Conference, only the caregivers attended the breakout
session. However, findings from previously published
studies regarding the needs of youth with AMC [21, 22]
were included in the development of the preliminary ver-
sion of the outcome measure.

Due to the scope of study; initial validation of the meas-
ure could not be completed at this current time. While
this is the first step towards finalizing a pediatric AMC-
specific UE outcome measure, further assessment of reli-
ability, construct validity and responsiveness is required
and is planned with the next phase of this project. The
development of a psychometrically sound UE measure
in AMC will elevate current practice and assist in estab-
lishing the effectiveness of surgical and non-surgical
therapies.

Conclusion

A preliminary version of an UE AMC-specific pediatric
outcome measure was developed with the contribution
of patient engagement and clinicians’ opinions consist-
ing of 11 task and 3 descriptive qualitative questions. The
measure includes a scoring guide for task completion as
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well as a joint motion and analysis section to determine
which joints of the UE are limiting the child’s with AMC
capacity to complete the task.

Abbreviations

AMC Arthrogryposis multiplex congenita

NGT Nominal group technique

ICF International classification of function, disability and health
UE Upper extremity

or Occupational therapy

PT Physical therapy

SHUEE Shriners hospital upper extremity evaluation

QUEST Quality of upper extremity skills test

AHA Assisting Hand assessment

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/540900-023-00479-6.

Additional file 1. First-round survey questionnaire.
Additional file 2. Second-round survey questionnaire.

Additional file 3. Third-round survey questionnaire.

Acknowledgements

We wish to acknowledge the youth, caregivers, and clinicians who contrib-
uted in the preliminary phases of this project as well as those who partici-
pated in the stakeholder engagement portion of the project.

Author contributions

C.E participated in planning the study, reviewing the literature, collecting

and interpreting the data, writing the manuscript, managing the submis-
sion process and approving the final article as submitted. K.M participated

in collecting and interpreting the data, reviewing and analysing results and
approving the final article as submitted. LW, J.H, and L.S provided expertise in
the methodological component of the article, editing and approving the final
article as submitted. N.DO participated in planning and securing funding for
this study, interpreting the data, reviewing the manuscript and approving the
final article as submitted. All authors reviewed the manuscript.

Funding

This project received seed funding by “Partenariat de recherche clinique en
ergothérapie OEQ-REPAR (2017-2020), followed by a multisite grant from
Shriners Hospitals for Children (2021-2023). C.E is supported by a“Fond de
recherche du Quebec - Santé” Doctoral Training for Applicants with a Profes-
sional Degree Award. N.D-O is supported by a“Fond de recherche du Quebec
- Santé” Clinical Research Scholar Junior 1 Award.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study received institutional approval at the Shriners Hospitals for Children
- Canada in May 2021 (CAN2103) and ethics approval from the institutional
review board of McGill University’s Faculty of Medicine in May 2021 (A03-B15-
21A). Consent to participate was received for phase 1 (patient engagement)
and 2 (clinician opinion).

Consent for publication
Not applicable.

Page 10 of 11

Competing interests
The authors declare that they have no competing interests.

Author details

'Faculty of Medicine, School of Physical and Occupational Therapy, McGill
University, Montreal, Canada. 2Clinical Research Department, Shriners Hospital
for Children —~Canada, 1003 Decarie Boulevard, Montreal, QC H4A 0A9, Canada.
3Shriners Hospitals for Children, Greenville, USA. *Université de Montréal, Ecole
de Réadaptation, Montreal, Canada.

Received: 10 May 2023 Accepted: 28 July 2023
Published online: 08 August 2023

References:

1. Manafo E, Petermann L, Mason-Lai P, Vandall-Walker V. Patient engage-
ment in Canada: a scoping review of the ‘'how’and ‘what’ of patient
engagement in health research. Health Res Policy Syst [Internet]. 2018
Feb 7 [cited 2019 Aug 9];16. Available from: https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC5804082/

2. Chudyk AM, Waldman C, Horrill T, Demczuk L, Shimmin C, Stoddard R,
et al. Models and frameworks of patient engagement in health services
research: A scoping review protocol. Res Involve Engagem. 2018;4(1):28.

3. Ruco A, Nichol K. Patient engagement in research and innovation: a new
framework. J Med Imaging Radiat Sci. 2016;47(4):290-3.

4. Canadian Institutes of Health Research Government of Canada. Strategy
for Patient-Oriented Research (SPOR) - Patient Engagement Framework
[Internet]. 2014 [cited 2019 Aug 12]. http://www.cihr-irsc.gc.ca/e/48413.
html

5. Fitzpatrick R, Davey C, Buxton M, Jones D. Evaluating patient-based
outcome measures for use in clinical trials. Health Technol Assess.
1998;2(14):1-74.

6. Kirwan J, Fries J, Hewlett S, Osborne R. Patient perspective: choosing or
developing instruments. J Rheumatol. 2011;38(8):1716-9.

7. de Vet HC, Terwee CB, Mokkink LB, Knol DL. Measurement in medicine:

A practical guide. Cambridge University Press, Cambridge, UK; 2011.
350 p. (Practical guides to biostatistics and epidemiology). http://dx.doi.
org/https://doi.org/10.1017/CB0O9780511996214

8. Cachecho S, Elfassy C, Hamdy R, Rosenbaum P, Dahan-Oliel N. Arthro-
gryposis multiplex congenita definition: Update using an international
consensus-based approach. Am J Med Genet Part C Seminars Med
Genet. 2019;1-8.

9. Wagner LV, Cherry JS, Sawatzky BJ, Fafara A, Elfassy C, Eriksson M, et al.
Rehabilitation across the lifespan for individuals with arthrogryposis. Am J
Med Genet Part C Seminars Med Genet. 2019;1-8.

10. Hall JG. Arthrogryposis (multiple congenital contractures): diagnostic
approach to etiology, classification, genetics, and general principles. Eur J
Med Genet. 2014;57(8):464-72.

11. Hamdy R, van Bosse H, Altiok H, Abu-Dalu K, Kotlarsky P, Fafara A, et al.
Treatment and outcomes of arthrogryposis in the lower extremity. Am J
Med Genet C Semin Med Genet. 2019;181C:372-84.

12. Oishi 'S, Agranovich O, Zlotolow D, Wall L, Stutz C, Pajardi G, et al. Treat-
ment and outcomes of arthrogryposis in the upper extremity. Am J Med
Genet C Semin Med Genet. 2019;181C(3):363-71.

13. Hall JG. Pretibial linear vertical creases or indentations (shin dim-
ples) associated with arthrogryposis. Am J Med Genet Part A.
2013;161(4).737-44.

14.  American Occupational Therapy Association (AOTA). Occupational
therapy: Improving function while controlling costs. 2019 [cited 2019 Mar
22]. https://www.aota.org/About-Occupational-Therapy/Professionals.
aspx

15. Canadian Association of Occupational Therapists (CAOT). What is occupa-
tional therapy? 2016 [cited 2019 Mar 22]. https://www.caot.ca/site/about
ot/whatisot?nav=sidebar

16. Canada Physiotherapy Association. Description of Physiotherapy in
Canada. Ottawa, ON: Canada Physiotherapy Association; 2012 [cited 2020
Mar 22] p. 15. Available from: https://physiotherapy.ca/sites/default/files/
site_documents/dopen-en.pdf


https://doi.org/10.1186/s40900-023-00479-6
https://doi.org/10.1186/s40900-023-00479-6
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5804082/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5804082/
http://www.cihr-irsc.gc.ca/e/48413.html
http://www.cihr-irsc.gc.ca/e/48413.html
https://doi.org/10.1017/CBO9780511996214
https://www.aota.org/About-Occupational-Therapy/Professionals.aspx
https://www.aota.org/About-Occupational-Therapy/Professionals.aspx
https://www.caot.ca/site/aboutot/whatisot?nav=sidebar
https://www.caot.ca/site/aboutot/whatisot?nav=sidebar
https://physiotherapy.ca/sites/default/files/site_documents/dopen-en.pdf
https://physiotherapy.ca/sites/default/files/site_documents/dopen-en.pdf

Elfassy et al. Research Involvement and Engagement (2023) 9:64 Page 11 of 11

17. Higgins J, Finch L, Kopec J, Mayo N. Development and initial psycho-
metric evaluation of an item bank created to measure upper extremity
function in persons after stroke. J Rehabil Med. 2010;42(2):170-8.

18. Aaron D, Stegink Jansen C. Development of the functional dexterity
test (FDT): construction, validity, reliability, and normative data. J Hand
Therapy. 2003;12-21.

19. Wall L, Vuillerman C, Miller P, Bae D, Goldfarb C. Patient-reported out-
comes in arthrogryposis. J Pediat Orthopaed. 2020 [cited 2020 Mar 22];
https://oce-ovid-com.proxy3.library.mcgill.ca/article/01241398-90000
0000-98393/HTML

20. Hall JG, Agranovich O, Pontén E, van Bosse HJP. Summary of the 2nd
international symposium on arthrogryposis, St Petersburg, Russia, Sep-
tember 17-19, 2014. Am J Med Genet Part A. 2015;167(6):1193-5.

21. Elfassy C, Cachecho S, Snider L, Dahan-Oliel N. Participation among
children with arthrogryposis multiplex congenita: a scoping review. Phys
Occup Ther Pediatr. 2020;40(6):610-36.

22. Elfassy C, Darsaklis B, Snider L, Gagnon C, Hamdy R, Dahan-Oliel N.
Rehabilitation needs of youth with arthrogryposis multiplex congenita:
perspectives from key stakeholders. Disabil Rehabil. 2019;42(16):1-7.

23. Elfassy C, Cachecho S, Elekanachi R, Araujo C, Dunn T, Higgins J, et al.
Pediatric performance-based outcome measures for upper extremity
function: Scoping review and linking to the International Classification of
Functioning, Disability, and Health. J Hand Therapy. (Submitted)

24. Centers for Disease Control and Prevention. Gaining Consensus Among
Stakeholders Through the Nominal Group Technique [Internet]. 2018 Aug
[cited 2020 Mar 12] p. 2. Report No.: 7. https://www.cdc.gov/healthyyou
th/evaluation/pdf/brief7.pdf

25. McMillan SS, King M, Tully MP. How to use the nominal group and
Delphi techniques. Int J Clin Pharmacy. 2016. https://doi.org/10.1007/
$11096-016-0257-x.

26. McMillan SS, Kelly F, Sav A, Kendall E, King MA, Whitty JA, et al. Using the
nominal group technique: how to analyse across multiple groups. Health
Serv Outcomes Res Method. 2014;14(3):92-108.

27. Ayre C, Scally AJ. Critical values for Lawshe’s content validity ratio:
revisiting the original methods of calculation. Meas Eval Couns Dev.
2014;47(1):79-86.

28. Hoare B, Imms C, Randall M, Carey L. Linking cerebral palsy upper limb
measures to the International Classification of Functioning. Disability
Health J Rehabil Med. 2011;43(11):987-96.

29. Wallen M, Stewart K. Grading and quantification of upper extremity func-
tion in children with spasticity. Semin Plast Surg. 2016;30(1):5-13.

30. Vanderhout SM, Smith M, Pallone N, Tingley K, Pugliese M, Chakraborty
P, et al. Patient and family engagement in the development of core out-
come sets for two rare chronic diseases in children. Res Involv Engagem.
2021;7(1):66.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://oce-ovid-com.proxy3.library.mcgill.ca/article/01241398-900000000-98393/HTML
https://oce-ovid-com.proxy3.library.mcgill.ca/article/01241398-900000000-98393/HTML
https://www.cdc.gov/healthyyouth/evaluation/pdf/brief7.pdf
https://www.cdc.gov/healthyyouth/evaluation/pdf/brief7.pdf
https://doi.org/10.1007/s11096-016-0257-x
https://doi.org/10.1007/s11096-016-0257-x

	Stakeholder engagement in the development of an upper extremity outcome measure for children with rare musculoskeletal conditions
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Phase 1: patient engagement nominal group technique
	Phase 2: clinician opinion using a three-round survey

	Results
	Phase 1: patient engagement nominal group technique
	Phase 2: clinician opinion using a three-round survey

	Discussion
	Limitation and future work

	Conclusion
	Anchor 17
	Acknowledgements
	References


