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Abstract
In planning the optimum treatment for patients with neuromuscular diseases (NMD), it is
essential to know as much as possible about their functional state. Assessment of the
strength of certain muscles is the most direct measure of motor deficiency. In the develop-
ment of normative data needed for patients with NMD, the use of torque measurements is
required. Forty-nine patients (31 men and 18 women, mean age 33 ± 8,9) were included in
the study. Five groups of patients, each having one of five different NMDs, were formed.
We tested unilaterally the biceps brachii muscle that normally generates the highest torque.
For this purpose an electronic brace enabling isometric measurements of torque during el-
bow flexion was designed. The patients produced 3 maximum voluntary elbow flexions
that lasted about 3 s and separated by a pause of about 3 s. Force development was rapid
with continuous build-up and isometric. About 15 s later the patients produced the last
maximum voluntary elbow flexion, keeping it as stable as possible for a period of 30 s. Pa-
tients with mitochondrial myopathy (MM), having the longest mean time to maximum
torque (1191.7 ms), elicited the highest mean torque in both short (1.34 Nm) as well as in
30 s-long maximum elbow flexions. Patients with facioscapulohumeral muscular dystrophy
(MD-FSH), having a mean time to maximum torque (537.66 ms) about half as short, elic-
ited the lowest mean torque in both the short (0.29 Nm) as well as in 30 s-long maximum
elbow flexions. Patients with Becker muscular dystrophy (MD-B), having a mean time to
maximum torque (1090.5 ms) about twice as long as patients with MD-FSH, elicited a
higher mean torque in both short (0.82 Nm) and 30 s-long elbow flexions. Finally, patients
with limb-girdle muscular dystrophy (MD-RM) and spinal muscular atrophy type 3
(SMA3), having a similar mean time to maximum torque (472.39 ms for patients with MD-
RM and 505.92 ms for patients with SMA3), also elicited similar torque in both short
(0.45 Nm for patients with MD-RM and 0.65 Nm for patients with SMA3) and 30 s-long
maximum elbow flexions. The results of the study show that the methodology developed to
quantitatively measure the torque developed by elbow flexions in patients with NMD en-
ables the characteristics and natural course of NMD to be more objectively documented.
Accordingly, the optimum treatment for patients with NMD could be restored.
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The term muscular dystrophy refers to a group of ge-
netic neuromuscular diseases (NMDs) marked by pro-
gressive weakness and degeneration of the skeletal, or
voluntary muscles, which control movement. However,
there is no single disease called muscular dystrophy.
The most frequent and therapeutically most complicated
of NMD are muscular dystrophies (MD) and spinal
muscular atrophies (SMA). The distribution and degree

by which muscles or muscle groups are affected, re-
sulting secondary effects, and functional impairment of
individual patients differ from one form NMDs to an-
other. The different types of the disease vary in the age
at which muscle wasting becomes manifest and in the
muscle groups first affected. Differences also occur
between patients with the same form of disease. There-
fore, patients with NMD should be treated and followed
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up on an individual basis. Accordingly, it is essential to
know as much as possible about a patient’s functional
state and other abilities especially when planning the
optimum treatment for him. Besides, a precise and sen-
sitive quantification of motor deficit may facilitate a
better understanding of the natural course of NMD [1-
3]. Even though the quantification of NMD has recently
become more interesting to investigators, the techniques
for measuring neuromuscular deficits remain rather
primitive. Large amounts of money are spent annually
on clinical investigations whose results are based on in-
adequately compiled and insensitive assessment proto-
cols [3].

In any case, assessment of muscle strength is the most
direct measure of motor deficit [4]. The most frequently
used method for assessing muscle strength of certain
muscles or muscle groups in NMD patients is manual
muscle testing. One major disadvantage of this method
is that it is a subjective method of measuring muscle
strength and therefore lacks objectivity [5]. In progres-
sive NMD the manual muscle test is applied to deter-
mine the distribution of muscular weakness, but does
not facilitate a precise evaluation of the disease progress
[3, 6-8]. An alternative to the manual muscle testing is a
quantitative, instrumented system for assessing muscle
strength [5]. For the assessment of muscle strength and
its changes in patients with NMD isometric muscle
testing with portable, hand-held dynamometers is fre-
quently used [9]. These dynamometers provide real
number measurements of muscle strength and are
clearly superior for documenting changes in muscle
strength in patients with NMD [10]. Since the dimen-
sions of these dynamometers are relatively small they
are very suitable for ambulatory use. The results suggest
that the hand-held dynamometer can be used as a reli-
able instrument in measuring the maximum voluntary
contraction especially in children with NMD [11, 14].
However, improper stabilization of the dynamometer
may result in either a concentric contraction, if the tester
provides inadequate resistance, or an excentric contrac-
tion, if the tester overcomes the force applied by the
subject. Either type of contraction may result in inaccu-
rate measurements [15]. One of the disadvantages of
hand-held dynamometers is that they measure force in-
stead of torques [12] and that they usually do not record
the measurement results [3]. Although comparison of
the force values within a subject over time is clinically
practical, the absolute values are not comparable with
the results of other individuals. Therefore the develop-
ment of normative data for patients with NMD is
needed and would require the use of torque measure-
ments [12]. Fixed dynamometers have the advantage
over hand-held dynamometers because they measure
torques and record measurements. However, their dis-
advantage is that they require a special room and that

the equipment is rather expensive [3, 14]. It was re-
ported that the measurements of maximum voluntary
contraction in children with Duchenne muscular dystro-
phy with fixed dynamometers give reliable and valid
results. At this time, there is no known treatment that
will arrest or reverse the dystrophic process, but medical
management can increase mobility, maximise independ-
ence in daily activities, and ease discomfort. Therefore,
to overcome most of the disadvantages of the afore-
mentioned methods the purpose of the study was to de-
velop a reliable method for isometric measurements of
the torque elicited by maximum voluntary elbow flexion
in patients with NMD, using a specially designed elec-
tronic brace. Our decision to develop the methodology
for the torque measurements elicited only by elbow
flexors was based on our goal to help the patients with
any of five different NMDs in daily activities in which
they actively use upper extremities. The data thus ob-
tained could be useful during prescription of orthopedic
devices and physiotherapy and appropriate medical
management.

Materials and Methods

Patients

Forty-nine patients (31 men and 18 women) ranging
from 18 to 54 years of age (mean age 33 ± 8,9 years)
were included in the study. 31 of them were still able to
walk while 18 were wheelchair-bound. 31 patients have
one of the forms of MD and 18 patients have one of the
forms of SMA. All patients with five different NMDs
were grouped in five corresponding groups. The first
group with limb-girdle muscular dystrophy (MD-RM)
consisted of 11 patients (mean age 34.6 years); (5 men
and 6 women), the second one with Becker muscular
dystrophy (MD-B) had 9 patients (mean age 25.7
years); (9 men), the third and largest group with spinal
muscular atrophy type 3 (SMA3) had 18 patients (mean
age 36 years); (9 men and 9 women), the fourth one
with facioscapulohumeral muscular dystrophy (MD-
FSH) had 7 patients (mean age 36 years); (5 men and 2
women) and the last, fifth group with Mitochondrial
Myopathy (MM) had 4 patients (mean age 30.8); (3 men
and a woman). We tested unilaterally only the biceps
brachii muscle that normally generates the highest mus-
cle strength. During the measurements the patients re-
ceived a visual display of force and also loud verbal en-
couragement in all attempted maximum efforts.
Throughout the text the term maximum voluntary elbow
flexion denotes the maximum torque produced when a
patient received visual force feedback and verbal en-
couragement and when the subject felt he/she had
achieved the maximum effort [16].
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Measuring procedure

For muscle strength testing an examination bed
(200 cm long, 140 cm wide and 50 cm high), electronic
brace, amplifier, and a computer-assisted real-time
analog/digital data collection system was used. The pa-
tient was asked to lie on a bed on the side not intended
to be measured. According to the figure of the patient,
an appropriate therapeutic ball was used and situated
under the left elbow to support the arm in an almost
horizontal plane as shown in Fig. 1.

Fine adjustment was obtained simply by inflating or
deflating the ball. In this way the influence of gravity on
the results was eliminated. The forearm and the upper
arm were then attached to the brace through the two
short aluminum foam-padded gutters (5cm in width and
10 cm in diameter) mounted on the shanks of the brace
and fastened with two 5cm wide strips (Velcro). An an-
gle between the upper and the lower arms was defined
by the brace and was fixated at 70 degrees. To prevent
the brace moving away from the forearm and upper arm,
the brace was fixed also at the elbow using the third
strong strip. Afterwards, the patient was asked to pro-
duce 3 maximum voluntary elbow flexions, each lasting
about 3 seconds. Maximum voluntary elbow flexions
were separated from the subsequent one by a pause that
lasted 2 to 3 seconds. The latter interval varied between
the subjects and was chosen to minimize any reduction
in force due to peripheral muscle fatigue. Torque devel-
opment in the three elbow flexions had to be fast with
continuous build-up, and strictly isometric, reaching the
peak force within a few hundred ms. The highest of
three measured values was accepted for further statisti-
cal analysis. About 15 seconds after preceding maxi-
mum voluntary elbow flexions, when the elbow flexors
were relaxed, the patient was asked to produce the last
maximum voluntary elbow flexion and to keep it as sta-
ble as possible for a period of 30 seconds. Namely, it
was presumed that maximum voluntary elbow flexion
sustained for 30 seconds could elicit appropriate fatigue
of biceps brachii muscle in all selected patients having

one of five different NMDs.

Measuring equipment

A force transducer of the electronic brace consisted of
a Wheatstone bridge configuration of four semi-
conductor strain gauges (Celesco, P05-02-500, resis-
tance in ohms: 500.0 ± 0.3%), bonded on two stainless
steel bars that were also components of the brace as
shown in Fig. 2. The dimensions of the bars to be bent
upon the applied torque were defined according to the
request of the gauge’s manufacturer and our request to a
develop transducer that would be sensitive enough in
measuring torques elicited by elbow flexors.

The torque produced by the strength of the elbow
flexors should elicit elastic deformation of the bars thus
resulting as a change in the output voltage, which di-
rectly represented an data about the applied mechanical
load. The structural characteristic was obtained simply
by hanging weights of 100, 200 and 500 g in different
combinations on the brace at the level supposed to be
acting point of forces when fixed on the arm. The
structural characteristic of the brace, not shown in the
paper, represented a very linear dependence of the out-
put voltage on the load. The compliance of the brace
was about 1.4°/kg. The dynamic behavior of the brace,
however, was defined by eliciting mechanical vibration
of the brace by striking one shank of the brace with a
finger while another shank was clamped in the vice. To

Figure 1. Position of a patient with the brace attached
on his forearm and the upper arm.

Figure 2. The electronic brace.
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eliminate the influence of a gravity, the brace was fix-
ated within the vice in horizontal plane. Fig. 3, repre-
sents the dynamic characteristics of the brace whose
natural frequency is 12 Hz.

The bridge configuration of the transducer was electri-
cally connected so as to be sensitive only to torque gen-
erated by flexing or extending the muscles. Over the
nominal range from 0 to 2.5 Nm and at a bridge excita-
tion voltage of 5 V, the sensibility of the transducer was
0.3 mV/Nm. The bridge signal was amplified by a cus-
tom designed bridge amplifier with a fixed gain
(A = 100). Amplified signals were then fed to a Digi-
Pack 1200 (Axon Instruments) acquisition system and
sampled at 10 kHz. Data were stored for reanalysis and
all elbow flexions were reviewed off-line to check
measurements using high speed data acquisition soft-
ware (Axon Instruments). From recordings of all forty-
nine patients the maxima of a torque of the highest out
of three short maximum voluntary elbow flexions and
corresponding times to the aforementioned torques were
obtained. The time to maximum torque was defined as
the time elapsed between onset of the torque develop-
ment to the maximum of the torque.

Results

Records of elbow flexion measurements in a group of
patients with MD-RM, containing three short maximum
elbow flexions each lasting about 3 seconds, separated
by 2 to 3 seconds and maximum voluntary elbow flex-
ions maintained for a period of 30 seconds, showed that
the mean time to maximum torque is 472.39 ms while
the mean torque of the greatest, short maximum elbow
flexions is 0.45 Nm. Records of the group of patients
with MD-B showed that the mean time to maximum
torque is twice as long as in a patient with MD-RM and
is 1090.5 s while the mean torque of 0.82 Nm is almost
twice as great. Moreover, a record of an arbitrarily cho-
sen patient from the group with SMA3 is shown in Fig.

4. In this patient the time to maximum torque is slightly
longer than in the patient with MD-RM at 505.92 ms
while the maximum torque is slightly higher at 0.67
Nm. Similarly, records of all patients of the group with
SMA3 showed that the mean time to maximum torque
is also slightly longer than in the patient with MD-RM
and is 517.7 ms while the mean maximum torque is 0.65
Nm.

Records of patients of the group with D-FSH showed
that the mean time to maximum torque of 537.66 ms is
longer than in the patient with MD-RM and the torque
of 0.29 Nm is much lower. Finally, records of the pa-
tients of the group with MM showed that the mean time
to maximum torque of 1191.7 ms is much longer than in
the patient with MD-RM and also the torque of 1.34 Nm
is much higher.

Discussion

This work showed that the method developed for iso-
metric measurement of the torque elicited by maximum
voluntary elbow flexion in patients with NMD, using a
specially designed electronic brace, provides accurate and
reliable data. It was also shown that the method enables
an evaluation of the pattern of recruitment fibers in the
biceps brachii muscle, which was the muscle of prime
interest in our study. As could be seen from the record-
ings, the patients with MM, with the longest mean time to
maximum torque, were able to elicit the highest mean
torque of both short maximum voluntary elbow flexions
as well as 30 s-long maximum voluntary elbow flexions.
In contrast, the patients with MD-FSH and an almost
twice as short mean time to maximum torque were able to
elicit the lowest mean torque of both short maximum
voluntary elbow flexions as well as 30 s-long maximum
voluntary elbow flexions. The group of patients with
MD-B with a mean time to maximum torque almost
twice as long as the group with MD-FSH was able to
elicit a much higher mean torque of both short and 30 s-
long elbow flexions. Moreover, the group of patients with
MD-RM and SMA3 with a similar mean time to maxi-
mum torque were also able to elicit a similar torque of

Figure 3. Dynamic characteristics of the brace.

Figure 4. A record of torque measurement in the patient,
arbitrarily chosen from the group of patients with
SMA3 (spinal muscular atrophy Type 3).
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both short and 30 s-long elbow flexions. The results of
the study show that developed methodology could enable
a more objective documentation of both the characteris-
tics and the natural course of NMD for the majority of
patients with this disease. Consequently, the more ade-
quate treatment for patients with NMD could be restored.
It is widely believed that “static” voluntary contractions
are relatively isometric, although definitive evidence is
lacking. Such contractions are unlikely to be truly isomet-
ric “in vivo” because of the following factors: Tendon
stretch, movement of other parts of the body involved in
“stabilization” of the relevant joint, and compliance
within the joint. Accordingly, in the present study, there
was significant shoulder movement during attempted
maximum elbow flexions resulting in small changes in
length of the elbow flexion muscle fibers, accounting for
some of the variation in voluntary torque at high volun-
tary strengths [16]. Additionally, in our study the meas-
urements at low strengths are not purely isometrical since
at low strengths the brace mechanically acts on muscle
and subcutaneous fat tissues thus also measuring some
adaptation of the tissues. However, at higher strengths the
brace was more adapted and the measurement became
more isometrical. Since the results provide the data ena-
bling quantification of motor deficit in patients with
NMD they are applicable in evaluating the results of dif-
ferent therapeutic trials in NMD patients. Since any
lengthening of an active muscle can lead to a sustained
increase in structural force, possibly contributing to the
non-linearity in the region of large voluntary torques, our
effort will be made to minimize shoulder movement [16].
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