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Abstract

Background: Wrist movements become impaired with disease progression in various neuromuscular disorders.
With the development of new therapies, thorough measurement of muscle strength is crucial to document natural
disease progression and to assess treatment efficacy. We developed a new dynamometer enabling wrist flexion and
extension torque measurement with high sensitivity. The aims of the present study were to collect norms for
healthy children and adults, to compute predictive equations, to assess the reliability of the measurements and to
test the feasibility of using the device in patients with a neuromuscular disease.

Methods: The peak isometric torque of wrist flexion and extension was measured with the MyoWrist dynamometer
in 345 healthy subjects aged between 5 and 80 years old and in 9 patients with limb girdle muscle dystrophy type
2 C (LGMD2C) aged between 16 and 38 years old.

Results: Predictive equations are proposed for the wrist flexion and extension strength in children and adults.
Intra-rater and inter-rater reliability was good with ICCs higher than 0.9 for both wrist flexion and extension.
However, retest values were significantly higher by 4% than test results. The dynamometer was applied with no
difficulty to patients with LGMD2C and was sensitive enough to detect strength as weak as 0.82 N.m. From our
models, we quantified the mean strength of wrist extension in LGMD2C patients to 39 ± 17% of their predicted values.

Conclusions: The MyoWrist dynamometer provides reliable and sensitive measurement of both wrist flexion and
extension torques. However, a training session is recommended before starting a study as a small but significant
learning effect was observed. Strength deficit can be quantified from predictive equations that were computed from
norms of healthy children and adults.

Keywords: Wrist muscle strength, Norms, Predictive model, Outcome measures
Background
With new therapies emerging for myopathies [1,2], the
need for reliable outcome measures of the upper limb
has become crucial, particularly for clinical trials includ-
ing non-ambulant patients. Change in wrist strength and
function may impact upper limb abilities and therefore,
the quality of life of these patients.
Wrist flexion and extension strength have been previ-

ously assessed using different methods: Manual muscle
testing (MMT) [3-5], hand-held dynamometry (HHD)
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[6,7], isokinetic dynamometry [8-10] and home-made
dynamometers [11-13]. Advantages and disadvantages of
these various methods have previously been discussed
[14]. None of these methods is reliable and highly sensi-
tive over a large range of strengths as well as being flex-
ible for different upper limb dimensions or deformities
(e.g. contractures).
We developed a highly sensitive device, called the

MyoWrist, specifically designed for the assessment of both
wrist flexion and extension torque with the same upper
limb positioning in children and adults with the possi-
bility of wrist angle adjustment for subjects with con-
tractures. Quantifying the strength of patients relative
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to a healthy population is useful to assess a deficit or
identify improvements.
The aims of the present study were to establish norms

and predictive equations for both wrist flexion and ex-
tension strength measured with the MyoWrist dynamo-
meter from a population of healthy children and adults,
to assess the repeatability of the measurements and to
test the feasibility and consistency of the method in a
group of patients with a neuromuscular disorder.

Methods
Subjects
This is a cross-sectional study which took place in the
Institute of Myology in Paris between November 2006
and December 2008. Healthy male and female subjects
aged between 5 and 80 years old were recruited by ad-
vertisements in newspapers, websites, posters and open
access animation for the French Telethon. The socio
economic status, blue or white collar worker and urban
or rural environment of the subjects were not recorded,
but since all the measurements took place in Paris, the
urban middle class white collar profile is probably over-
represented. Therefore, the results presented in this study
are not representative of the French population and the
terms “norms” or “normative data” used here only refer
to our tested sample. Exclusion criteria comprised of
history of injury or disease involving the upper limb in
the past two years, pain or discomfort that could affect
upper limb performance or sport practiced at a national
level. The so-called MyoTools protocol was approved
by the Local Ethics Committee (CPP-Ile de France VI;
La Pitié-Salpêtrière).
Data of patients with Limb Girdle Muscular Dystrophy

type C (LGMD2C) caused by γ-sarcoglycan deficiency
were also analysed in order to demonstrate the feasibility
and sensitivity of using the dynamometer in subjects
with strength weakness. Limb girdle muscle dystrophy
was chosen for proof of concept of the use of the device
in patients with neuromuscular disease as the disease is
characterized by progressive proximal muscle weakness
[15]. Strength of distal muscles was therefore expected to
remain stable in a one month period for test – retest mea-
surements. The patient data were taken from the protocol
Figure 1 MyoWrist design (A) and subject positioning into the device
patient photographed in this figure gave his specific written informed con
Eudract no. 2006-005132-24, ISRCTN no. 22225367 and
clinicalTrials.gov no. NCT01344798 approved by the Pitié-
Salpêtrière Hospital ethics committee and were already
published [16]. Each participant was informed about the
experimental protocol and procedures before signing in-
formed consent.
Anthropometric measurements
Height, body mass, percentage of body fat mass measured
by impedance metric scale (TBF-543, Tanita Corporation,
Arlington Heights, Illinois, USA), forearm circumference
(measured at the largest part of the forearm, usually lo-
cated at the proximal ¼ forearm depending on morph-
ology), hand circumference (perimeter at mid-hand at the
level of main palmar creases) and hand length (distance
between the palmar wrist crease and the distal extremity
of the middle finger) were measured. Upper limb anthro-
pometric measurements were performed to the nearest
mm using a standard tape measure on subjects sitting
with the supinated forearm supported on the thigh. The
dominant side was defined as the hand used by the subject
to write or draw with.
Dynamometer description
A complete description of the MyoWrist dynamometer
was previously published (Appendix 1 in [17]. A torque
meter (DF30-25 Nm; Scaime; France) inserted into a
homemade device measured the isometric torque of
wrist flexion and extension. The torque sensor was fixed
on an aluminium plate equipped with a foam cradle and
two Velcro straps in order to firmly maintain the fore-
arm within the cradle. Two vertical bars were positioned
at the elbow level aiming to avoid lateral movements of
the elbow. A U-shaped support was fixed over the torque
meter to receive the hand metacarpi within a dense foam
cradle. This support was adjustable with respect to the
hand length and can be rotated to study the torque gener-
ated by the wrist extensors and flexors at different joint
angle (Figure 1A). In the present study, the U-shaped sup-
port was positioned to align the wrist axis for flexion/
extension with the torque meter axis and so that the sub-
ject’s wrist was at 0° of flexion and extension. With its
(B) for the measurement of wrist flexion and extension. The
sent to have his image published.
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light mass (2.9 kg) and small dimensions (54 × 20 × 20 cm),
the wrist dynamometer is easily transportable.
Calibration of the sensor and its electronic connec-

tions was performed according to ISO 9001 and 17025
norms of quality assurance and were certified by the ma-
nufacturer. The nominal torque of the transducer was
25 N.m, its precision was 0.05 N.m and its sensitivity
was 0.0025 N.m. Signal from the transducer was con-
ditioned by an electronic board (Scaime, type CPJ). A
Scaime type PAX S programmable indicator displayed
on a digital screen either the real time torque or the
maximal value for wrist flexion or extension. A BNC
output allows the analogue torque signal to be displayed
on a computer screen or recorded for further analyses.

Experimental procedure
The healthy subjects were tested sitting on a chair with
the trunk in an upright position, while LGMD2C pa-
tients were assessed in their wheelchair. The forearm
was positioned horizontally within the cradle of the de-
vice placed on a height adjustable plinth. The height of
the plinth was adjusted so that the upper limb was posi-
tioned at 30° ± 10° shoulder abduction and at 30° ± 10°
shoulder flexion. The elbow angle was set at 60° ± 10°
of flexion and the forearm was placed in neutral pro-
supination position in the device. The feet were flat on
the floor or on the footrests of the wheelchair. The
contralateral hand was kept on the thigh (Figure 1B).
Subjects were instructed to alternately produce their

maximal wrist extension and flexion strength. A trial con-
sisted of a 2–4 s maximal voluntary contraction (MVC).
Each trial was followed by a 30s rest period. Two trials
were first recorded. If there was ≤10% difference between
both trials, no additional measurement was required.
Otherwise, supplementary trials were proposed until two
MVCs reproducible within 10% were obtained within a
maximum of 5 trials. The maximal reproducible value
within 10% was retained for the analyses. The first side
(right or left) and direction (extension or flexion) tested
were randomly assigned. The subjects were verbally en-
couraged to produce their best performance.
Re-test was performed with healthy subjects who ag-

reed to participate in a second session between 1 hour
and 30 days after the first session. Three evaluators par-
ticipated in the measurements for reliability assessment.
Unless impossible, the same evaluator performed the test
and retest measurements.

Statistical analyses
Statistical analyses were performed with the SPSS version
19 software. Results are presented as means ± standard de-
viation and the limit of significance was set at p < 0.05.
In order to determine whether norms should be speci-

fied for each upper limb side or not, significant differences
between dominant and non-dominant sides were analysed
by a paired t-test in right- and left-handers.
Coefficients of predictive equations were determined

separately on children younger than 18 years old and
adults over 18 years old. In both groups, a stepwise linear
regression selected the best predicting variables among
sex, age, body mass, height, body mass index, fat mass
percentage, forearm circumference, hand circumference
and hand length for the natural logarithm of wrist flexion
and extension torque.
Repeatability of the torque measurements was assessed

comparing test and retest values of wrist flexion and ex-
tension with repeated measures ANOVA. In addition,
the intra-class correlation coefficient (ICC), the standard
error of measurement (SEM) and the coefficient of vari-
ation (CVar) were also determined. ICC was computed
as single measures with a two-way random effect model
(absolute agreement). Cvar was computed for all sub-
jects regardless of whether they were assessed by differ-
ent evaluators or not. The smallest detectable difference
(SDD) was computed as previously described [18].
The repeatability of wrist extension torque measurements

in patients with LGMD2C was assessed by a Wilcoxon test.
Torque was then expressed in percent of predicted values
in order to demonstrate the feasibility of measurements
with the device in a small sample of weak subjects with
neuromuscular disease.

Results
Subjects
This study enrolled 345 healthy subjects among which
57 were children under 18 years old (28 boys and 29
girls) and 288 were adults (119 men and 169 women)
whose characteristics are given in Table 1. The left side
was not tested in two subjects (a 32 and a 34 year-old
women) and wrist flexion of the right side was not mea-
sured in a 54 year-old woman due to reported discomfort.
For subjects with a thin hand, additional foam had to

be placed in the U-shaped support of the dynamometer
to perfectly fix the hand within the device. Although the
hand was firmly maintained, no subject complained of
pain.
Eighty seven per cent of the subjects were right han-

ded and 9.5% were left handed. Three and a half percent
of the subjects were ambidextrous but wrote with their
right hand and were analysed as right-handers. The mea-
surement took approximately 10 minutes per side.

Normative data
Torques on the dominant and on the non-dominant sides
were compared to determine whether norms should be
specified for each upper limb side or not. The wrist flexion
torque was significantly stronger on the dominant side
than on the non-dominant side in left-handers but not in



Table 1 Subjects’ characteristics presented as mean (SD)

Age (year) Sex n Height (cm) Body
mass (kg)

Body fat
mass (%)

Forearm
circumference (mm)

Hand
circumference (mm)

Hand
length (mm)

Wrist flexion
(N.m)

Wrist extension
(N.m)

Left Right Left Right

5-9 F 12 127.8 (10.4) 28.3 (7.8) 24.0 (4.5) 18.5 (1.7) 15.5 (1.0) 14.3 (1.2) 3.6 (0.7) 3.4 (1.0) 2.4 (1.1) 2.5 (1.0)

M 14 118.5 (8.4) 22.8 (4.8) 13.9 (4.9) 17.2 (1.3) 15.2 (0.7) 13.2 (0.8) 3.2 (1.2) 2.9 (0.8) 1.7 (0.7) 2.0 (0.7)

10-14 F 9 154.1 (11.2) 44.1 (11.5) 23.6 (3.9) 20.9 (2.2) 17.5 (0.8) 16.6 (0.9) 5.9 (1.9) 5.9 (1.6) 4.1 (1.5) 4.7 (1.8)

M 11 155.5 (10.4) 44.8 (9.9) 16.7 (4.5) 21.3 (1.8) 18.5 (1.0) 17.1 (1.0) 7.4 (3.2) 7.2 (2.8) 5.0 (1.6) 4.9 (1.3)

15-19 F 15 164.6 (5.0) 59.4 (11.4) 26.3 (6.1) 23.5 (2.0) 18.5 (0.9) 17.6 (0.9) 8.1 (2.3) 8.2 (2.7) 6.5 (1.1) 6.6 (1.6)

M 10 182.0 (6.7) 74.9 (15.8) 15.4 (7.2) 26.4 (1.9) 21.3 (1.2) 19.9 (1.1) 14.0 (2.8) 13.8 (2.8) 9.6 (2.5) 10.1 (3.2)

20-29 F 32 167.2 (6.7) 64.4 (15.9) 29.6 (6.8) 23.7 (2.3) 18.9 (0.9) 17.9 (0.9) 8.2 (1.8) 8.2 (1.9) 6.0 (1.4) 6.5 (1.6)

M 27 177.8 (4.9) 74.9 (10.3) 17.3 (5.7) 26.8 (1.6) 21.4 (0.8) 19.6 (0.7) 14.2 (3.2) 14.5 (2.8) 10.7 (2.4) 11.4 (2.1)

30-39 F 31 164.5 (5.8) 62.8 (10.1) 28.5 (7.9) 23.8 (2.1) 18.9 (1.7) 17.8 (1.0) 8.0 (1.9) 8.4 (1.8) 6.0 (1.8) 6.5 (2.1)

M 32 176.5 (6.6) 76.4 (12.9) 18.7 (7.2) 26.5 (2.1) 21.5 (0.9) 19.3 (0.9) 13.3 (2.9) 13.4 (2.9) 9.1 (2.4) 10.2 (2.4)

40-49 F 32 163.8 (5.0) 62.4 (8.9) 28.5 (8.3) 23.4 (1.7) 19.0 (0.7) 17.7 (0.8) 8.3 (1.6) 8.0 (1.5) 5.4 (1.3) 6.4 (1.6)

M 26 176.4 (6.1) 77.3 (12.9) 17.9 (5.5) 27.3 (2.0) 22.2 (1.0) 19.6 (1.0) 14.1 (2.9) 13.8 (2.8) 10.6 (2.5) 11.5 (2.4)

50-59 F 29 162.2 (6.1) 63.9 (10.7) 29.8 (7.6) 23.9 (1.8) 19.5 (0.8) 17.9 (0.8) 8.1 (1.7) 7.5 (1.4) 5.4 (1.1) 5.8 (0.9)

M 11 178.3 (7.4) 78.8 (10.2) 19.0 (4.6) 27.1 (1.4) 22.3 (0.5) 20.0 (1.1) 13.6 (2.8) 13.9 (1.9) 9.7 (2.0) 10.6 (2.2)

60-69 F 21 160.2 (7.3) 62.8 (10.6) 29.8 (6.8) 23.2 (1.6) 19.4 (0.8) 17.8 (1.0) 7.5 (4.5) 6.8 (4.3) 5.6 (4.7) 5.7 (4.7)

M 11 172.7 (6.8) 84.7 (13.0) 24.2 (5.5) 27.5 (1.9) 22.1 (1.0) 19.2 (1.0) 12.1 (2.9) 12.2 (3.0) 7.9 (2.0) 8.4 (2.3)

70-79 F 17 161.3 (5.0) 62.8 (8.1) 28.8 (7.8) 23.1 (1.5) 19.7 (0.7) 18.3 (0.7) 7.2 (1.6) 6.6 (1.3) 4.2 (1.3) 4.8 (1.5)

M 5 173.2 (5.0) 84.3 (13.1) 22.8 (6.2) 27.6 (1.2) 21.9 (0.5) 19.3 (0.3) 13.5 (3.3) 11.8 (1.6) 8.2 (1.5) 8.3 (2.5)

Forearm, hand circumference and hand length are presented as a mean of the left and right side.
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Table 2 Differences in torque values between dominant and non-dominant sides

Wrist flexion Wrist extension

Right handers Left handers Right handers Left handers

Mean (SD) dominant – non dominant side difference (N.m) −0.11 (1.60) 0.58 (1.58) 0.59 (1.37) −0.20 (1.31)

p-value (paired t-test) 0.23 <0.05 <0.001 0.40

Number of subjects 310 32 310 32
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right-handers, while wrist extension torque was signi-
ficantly higher on the dominant side than on the non-
dominant side in right-handers but not in left-handers
(Table 2). Because the dominant side was not systematic-
ally the strongest side for each function in left- and right-
handers, further analyses were performed without taking
into account hand dominance and results are presented
for each side.

Predictive model
Height and forearm circumference were the main pre-
dictors of wrist flexion and extension torque in healthy
children, while age, gender and forearm circumference
were the main determinants in healthy adults.
Forearm circumference depended on height for heal-

thy children (Pearson correlation coefficient (rP) = 0.890,
n = 57, P < 0.01) and adults (rP = 0.556, n = 288, P < 0.01)
and may therefore be a redundant factor. Moreover,
forearm circumference can be more affected than height
A

C

Figure 2 Height dependence of torque for left wrist flexion (A) and e
by muscle disease. Therefore, we considered only height
as predictor of wrist flexion and extension torque in
children.
For the same reason, height was retained instead of

forearm circumference in adults in addition to age and
gender as main prediction factors of wrist flexion and
extension torque. Figure 2 presents the height depend-
ence of wrist flexion and extension torque in children
and adults. Because the relationship appeared exponential,
predictive equations based on a linear regression model
were calculated for the natural logarithm of the torques.
They are presented in Tables 3 and 4 for children and
adults respectively. The adjusted R-squared was above
0.70 for children and above 0.55 for adults, indicating a
better fit of the model for children than for adults.

Reliability assessment
Seventy five of the 345 subjects (22%) performed a sec-
ond assessment of wrist flexion and extension strength
B

D

xtension (C) and for right wrist flexion (B) and extension (D).



Table 3 Predictive models for children wrist flexion and extension torque

Torque natural logarithmic transformation (Ln (N.m)) Intercept Height (cm) Adjusted R2 Model SD n

Ln left wrist flexion torque −1.285*** 0.02*** 0.702 0.288 57

Ln right wrist flexion torque −1.647*** 0.022*** 0.818 0.233 57

Ln left wrist extension torque −2.804*** 0.028*** 0.757 0.345 57

Ln right wrist extension torque −2.274*** 0.025*** 0.737 0.323 57

***P < 0.001.
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to assess the test-retest reliability of the measurements.
Whenever possible, test and retest measurements were
performed by the same evaluator (intra-rater reliability).
However, 22 subjects (29%) could not be re-tested by the
same evaluator (inter-rater reliability).
A repeated measures ANOVA (n = 150 pooling left

and right sides) revealed a session effect (P < 0.01) with
retest measurements being on average 4 ± 15% and 4 ±
18% higher than the test values for wrist flexion and
extension, respectively. In addition, the analysis under-
scored a function effect (P < 0.001) with wrist flexion
exceeding the extension strength by 40% on average.
There was no interaction between session and function.
We examined whether the number of trials at the test

session influenced the reliability at the retest session.
Among the 75 subjects who performed the retest ses-
sion, about 60%, 30%, 8% and 1% needed respectively 2,
3, 4 and 5 trials at the test session to meet the criteria
of 10% reproducibility between 2 trials within a max-
imum of 5 trials. No relation or significant difference
(ANOVA) could be evidenced between the test-retest
reliability of the subjects who needed 2, 3, 4 or 5 trials
at the test session.
Reliability properties of the wrist flexion and extension

measurements are presented in Table 5. The limit of
agreement between two successive measurements consists
of the SDD that would indicate a real difference between
the measurements with a 95% confidence for healthy sub-
jects [18]. It reached 2.8 and 2.4 N.m for wrist flexion and
extension measurements, respectively. Bland and Altman
plot as well as the relationship between retest and test
values for wrist flexion and extension are shown in
Figure 3. The ICC for intra-rater (n = 106), inter-rater
(n = 44) or all (n = 150) torque measurements was higher
Table 4 Predictive models for adult wrist flexion and extensio

Torque natural logarithmic transformation (Ln (N.m)) Intercept He

Ln left wrist flexion 0.761* 0.0

Ln right wrist flexion 0.797* 0.0

Ln left wrist extension 0.553 0.0

Ln right wrist extension 0.439 0.0
#0 for women and 1 for men, *P < 0.05. **P < 0.01. ***P < 0.001.
than 0.9 for both wrist flexion and extension, indicating a
good reliability (Table 5).

Feasibility in a small patient group
Torque measurement of wrist extension was measured
in 9 patients with LGMD2C to illustrate the feasibility
of the measurements in weak subjects. All patients
were wheelchair-bound and right-handed. Patients’ age,
gender and body mass are presented with height and
dominant side data in Table 6. Mean test and retest mea-
surements of wrist extension strength were previously
published (Day −30 and Day 0 in Figure 1 of [16]). Thirty
three percent of the retest measures could not be per-
formed by the same evaluator as the test measurements.
Retest values were significantly higher than the test
measures with a mean torque difference of 12% (p < 0.05,
n = 18 pooling right and left side measurements). How-
ever, the ICC of 0.879 between retest and test suggests a
good correlation of both measurements.
The relationship between age and wrist extension

torque expressed in percent of the predicted value calcu-
lated from equations defined in Tables 3 and 4 is pre-
sented in Figure 4. Between 16 and 38 years of age, none
of the patients developed a torque higher than 75% that
of the predicted value and no age dependence of strength
was observed. However, the dominant side systematically
developed a weaker torque than the non-dominant side in
these right-handed patients.

Discussion
Wrist movements are involved in many tasks of daily life
and can be impaired by neuromuscular disease. We have
developed a dynamometer for the accurate and sensitive
measurement of wrist flexion and extension torques.
n torque

ight (cm) Age Sex (0–1)# Adjusted R2 Model SD n

08*** −0.002* 0.432*** 0.632 0.214 286

08*** −0.003*** 0.451*** 0.680 0.205 287

08** −0.005*** 0.443*** 0.584 0.254 286

09*** −0.005*** 0.421*** 0.578 0.254 288



Table 5 Test-retest agreement and reliability

Wrist flexion Wrist extension

Number of test-retest* 150 150

Mean retest-test difference (N.m) 0.3 0.2

SEM (N.m) 1.0 0.9

Relative SEM (%) 10 12

Limits of agreement (N.m) 2.8 2.4

Intra Class Correlation Coefficient 0.928 0.920

*Right and left side measurements of 75 subjects were pooled. SEM = Standard
Error of Measurement.
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Norms were obtained from which predictive models were
computed for children and adults. Torque measurements
presented good repeatability between test and retest and
could be performed in healthy and weak subjects with
limb girdle muscle dystrophy.

Feasibility of the measurements
The device is small enough to be easily transportable. It
could be used to assess healthy children and adults as
well as the weak patients with LGMD2C in the present
study. Subjects with a thick hand were tightly bound in
the U-shape support of the device but none complained of
pain. The device was easily used in non-ambulant patients
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Normative data
Norms reported in this study were obtained with wrist
and forearm positioned at 0° flexion/extension and 0°
pronation/supination, respectively, like in most previous
studies. However, we chose a functional positioning for the
elbow flexed at 60° and the shoulder flexed and abducted
at 30° instead of the most frequently used positioning in
90° flexion of elbow and shoulder [19].
Isometric torque values measured with our MyoWrist

dynamometer were in agreement with the wrist flexion
and extension torques obtained in previous studies with
the same device [17] or with other systems, at least for
young men between 20 and 25 years old [20,21] or lower
[10]. As previously observed for healthy subjects be-
tween 8 and 28 years old [17], no systematic relationship
between hand dominance and wrist flexion and exten-
sion strength was demonstrated by our results.
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Table 6 LGMD2C patients’ characteristics

Patient
number

Gender Age
(years)

Body mass
(kg)

Height
(cm)

Dominant
side

01 F 38 65 156 R

02 F 18 60 170 R

03 F 32 63 171 R

04 F 16 68 170 R

05 M 24 108 174 R

06 M 29 50 179 R

07 F 38 57 161 R

08 F 31 36 168 R

09 F 19 49 167 R
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flexion and extension strength for children. Because fore-
arm circumference was significantly correlated with height
in healthy children, only height was considered as pre-
dictive factor of wrist flexion and extension strength. In
adults, forearm circumference, age and gender appeared
as the main wrist torque predictors. Because forearm
circumference was also significantly correlated with height
in adults, even if the Pearson correlation coefficient is
smaller than for children, and because neuromuscular
disease should impact height less than forearm circum-
ference, we considered height instead of forearm cir-
cumference in addition to age and gender as predictive
variables of wrist flexion and extension torque in adults.
In our previous studies, we already demonstrated the

height dependence of hand grip, elbow flexion and ex-
tension, and knee flexion and extension strength in chil-
dren between 5 and 17 years old [22].
A previous study proposed gender, body mass and age

as predictive factors for wrist extensors force measured
by HHD [6]. However, body mass is a multifactorial re-
sultant while height is less influenced by factors such as
regimen and muscle disease. Height is therefore expected
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Figure 4 Age dependence of right (empty symbols) and left
(full symbols) wrist extension torque expressed in percent of
predicted values for right-handed patients with LGMD2C.
to be a factor more adapted than body mass to predict
wrist strength in patients with neuromuscular diseases.
The interest of the predictive models compared to the

use of mean values as those presented in Table 1 for the
prediction of the expected wrist torque of a subject is
the precision and the number of subjects used for the
prediction. As an example, the left wrist flexion torque
of a 27-years old female 164 cm high can be precisely pre-
dicted from the model to 7.5308 N.m (=EXP (0.761 +
0.008* 164-0.002*27 + 0.432*0)), while Table 1 reports the
9% higher value of 8.2 N.m for females between 20 and
29 years old with a mean height of 167.2 cm. Moreover, in
this example, the model prediction is based on an analysis
of the results of 286 subjects, while the experimental
mean value in Table 1 was obtained on 32 subjects. How-
ever, the fit of the model through the experimental tor-
ques is better for children than for adult data as the
adjusted R2 is higher for the fit of children than for the fit
of adult results (Tables 3 and 4). Using a model or the
mean value from a normative table always remains a pre-
diction with its imprecision. However, to determine the
predicted torque value of a given subject, we favour calcu-
lation from the model with its fit imperfection rather than
using the mean torque corresponding to an age category
with a mean height as exampled in Table 1. First, this
limits the effect of confounding variables such as stature,
which is included in the model. Second, the model en-
ables the expression in percentage of predicted value
for the results of patients, allowing the quantification of
a deficit and its evolution.

Reliability assessments
Unlike a previous study with less participants (n = 30)
[17], strength of wrist flexion and extension obtained with
the MyoWrist device at the retest was only slightly but sig-
nificantly higher than at the test session. A learning effect
and less apprehension at the retest session may account
for this effect. Even if the increase was small, variable and
may have little clinical significance, we recommend fa-
miliarization session(s) with the MyoWrist before baseline
measurements in clinical trials. The SEM and ICC values
obtained in the present study confirm the results of a pre-
vious study using the same dynamometer [17].
As previously reported [10,21], we observed a higher

torque for wrist flexion than for extension.

Feasibility in a small patient group
Wrist extension torque measurements were applied in
the 9 wheelchair bound patients with LGMD2C without
practical difficulty. In case of contractures preventing the
alignment of the hand with the forearm, the U shaped
support of the device can be adjusted to the wrist angle.
The MyoWrist dynamometer was previously used in adult
patients with sporadic inclusion body myositis [23,24] or
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DMD [25] without measurement problems being re-
ported. Nevertheless, in a larger group of young DMD pa-
tients between 10 and 27 years old, measurements with
the MyoWrist set at zero degrees of wrist flexion/ex-
tension could be performed only in half of the 30 patients
because of upper limb contracture [17]. No angular ad-
justment of the device to wrist contracture was performed
in order to gain time as there were many outcome mea-
sures in that study.
In the LGMD2C patients assessed in the present study,

wrist extension MVC as low as 0.82 N.m could be de-
tected. This is lower than the limit of agreement deter-
mined from the results of healthy subjects. However, as
the difference between retest and test seems smaller for
the weakest strengths (Figure 3), the limit of agreement
of weak patients may be different from that of healthy
subjects. A larger number of LGMD2C patients would
be required to determine the reliability properties of the
measurement in this population of weak subjects.
Comparing the patients’ wrist extension torque with

the predictive value calculated from the models com-
puted in this study, we quantified the strength deficit.
Presentation of the patients’ results relative to predictive
values has the advantage of discarding the height con-
founding factor as it is taken into account in the model.
This is of a particular interest in clinical trials with gro-
wing children. No relationship between torque and age
was observed in this small group of patients. Even if this
preliminary observation should be confirmed in a larger
patient population, we think this reflects a stabilisation
of the wrist extension strength deficit between 16 and
38 years old and not a lack of device sensitivity. Indeed,
the sensitivity of the MyoWrist appeared sufficient to
detect an inverse correlation of wrist extension torque
with age in DMD patients [17]. Moreover, the dynamo-
meter detected in our group of LGMD2C patients a
wrist extension torque systematically weaker in the dom-
inant side than in the non-dominant side. The mean dif-
ference and SD represented 1.06 ± 0.52 N.m or 17.61 ±
9.13% of the predicted value. First, this indicates that dif-
ferences as small as ~1 N.m can be discriminated by the
device. Second, this suggests that overuse might be dele-
terious for skeletal muscles of patients with LGMD2C.
We found no data in the literature on the effect of exer-
cise on muscle contraction in the specific LGMD2C sub-
type. Nevertheless, a similar conclusion was obtained for
ankle dorsi- and plantarflexors of patients with limb gir-
dle muscle dystrophy as their preferred side was more
affected [26], even if the preferred side has probably less
impact on the lower limbs than on the upper limbs. Other
studies reported, however, increased strength and endur-
ance in wrist flexion and extension [27] and no abnormal
creatine kinase level in response to high intensity exer-
cise in patients with LGMD2 [28]. The beneficial or
deleterious effect of dystrophic muscle contraction in
LGMD2C disease needs to be further investigated.

Conclusions
The present study precisely describes properties of wrist
flexion and extension strength measurement with the
MyoWrist. This device provides both wrist flexion and
extension strength measurement with the same position-
ing of the subject. Demonstration of the feasibility of the
measurements in healthy or weak children and adults
with good reliability guarantees the quality of results for
clinical trials. Subjects’ performance can be compared to
predicted values computed from normative data collec-
ted in healthy children and adults.
Because it is portable and inexpensive, hand held dyna-

mometry is used in strength assessments of the upper
limb of patients with neuromuscular disease [29,30]. How-
ever, a recent review concluded that because of lack of
intra-rater reliability, HHD should not be used for wrist
strength evaluation in treatment efficacy studies [31].
Here, we demonstrate that the MyoWrist device which is
portable and cheap has good intra-rater reliability prob-
ably because of the absence of examiner strength influ-
ence. The measurements can be performed in wheelchair-
bound patients and if contractures are present, the device
allows adjustment of the wrist angle. Therefore, it rep-
resents a good alternative to HHD for wrist flexion and
extension strength measurement in clinical trials on neu-
romuscular disorders.
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