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ABSTRACT

Objectives: The Micro Manual Muscle Tester (MMMT) is a Hand-Held Dynamometer

Article info: (HHD). The current study aimed to evaluate the intra- and inter-rater reliability of this device.
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occupational therapists in 10 separate days.

Results: All the inter- and intra-correlations were reported as excellent (ICC>0.90), except for
ICC, , in the hip flexor muscles; and ICC_, in the dorsiflexor muscles that were similarly good
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e Evaluating muscle power can affect clinical practices and research studies on children who have cerebral palsy.

e Strength training programs for children with cerebral palsy can affect their walking abilities.

e Reliability is crucial in assessing muscle strength, and it depends on the quality of measurements.

Plain Language Summary

Muscle power plays an important role in the motor ability of children with cerebral palsy. Assessment of muscle
strength is one of the most common assessments in rehabilitation interventions for children with cerebral palsy. Typi-
cally, this assessment is performed by manual assessment, which is a subjective method. The micro manual muscle
tester is an objective tool for measuring muscle strength. We measured the reliability of micro manual muscle tester

with two evaluators.

1. Introduction

uscle weakness has long been reported
among children with Cerebral Palsy
(CP); however, they were ignored for de-
cades in rehabilitation interventions, due
to the difficulty to increase their spastic-
ity by strength therapy [1]. Thus, evaluating muscle power
can majorly impact clinical practices and research studies
on children suffering from CP. Strength training programs
for children with CP can affect their walking abilities [2-6].

In clinics, muscle strength is commonly assessed by
Manual Muscle Testing (MMT) methods. The MMT scores
range from 0 to 5; it is recognized as a subjective measure,
strongly dependent on clinicians’ education and experience
[7, 8]. Additionally, Handheld Dynamometer (HHD) is an
objective tool for measuring muscle strength. It is a small
internal force cell able of measuring muscular power (new-
ton or kilogram) [9, 10].

Moreover, HHD has better sensitivity and inter-rater reli-
ability, than MMT in terms of recognizing strength deficits
[11, 12]. In HHD approach, the tool is held in the hand of the
tester [9]. Furthermore, two techniques have been explained
in the literature for using this device. In the break-test meth-
od, the assessor pushes against the subject’s extremities and
the subject’s maximal muscular effort is dominant; thus, an
isotonic contraction is produced.

In the make-test method, the assessor holds the dyna-
mometer static, while the subject makes use of a maxi-
mal load against it and produces an isometric contrac-
tion [13, 14]. A high Intraclass Correlation Coefficient

(ICC) has been reported for its test-retest reliability by
Ayalon in children with CP [15].

Taylor et al. also measured 10 spastic diplegic CP cases,
from 1 to 2 weeks, separately. They assessed the reliability
of 5 lower-extremity muscle groups: hip flexors, exten-
sors, abductors, knee extensors, and plantar flexors [16].
Berry et al. examined muscle power for one to two weeks
individually in 15 diplegic and quadriplegic CP children
from three muscle groups, as follows: hip abductors, flex-
ors and knee extensors. Both studies demonstrated good to
high inter- and intra-rater reliability of the tool [17].

Reality is decisive when assessing muscle strength in
clinical conditions; it depends on the quality of measure-
ments. In addition to validity, another necessity of mea-
surements is their consistency. It concerns with the issue
that a test can be reliably administered by different exam-
iners [18]. The Micro Manual Muscle Tester (MMMT) is
a type of HHD; therefore, the present study aimed to as-
sess the intra- and inter-rater reliability of this device.

2. Methods

This cross-sectional psychometric study was performed
on a convenience sample of 26 (17 boys and 9 girls) chil-
dren with spastic diplegic CP (leg-dominant bilateral spas-
ticity) diagnosed by a pediatric neurologist. The Mean+SD
age of subjects was 11.10+2.14 years. They were selected
from a private clinic (Zehne Pooya).

The study participants reported no orthopedic or spas-
ticity-reducing intermediation (likewise, surgery and
botulinum toxin A injections) in the past year. They were
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Table 1. Muscle test positions
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Muscle Group Posture Subject Position MMMT Position
Hip flexors* Sitting Hip flexed 90° off the surface Aanterior to the mid-thigh

Hip extensors* Supine Hip flexed 90° Posterior to the mid-thigh

Hip abductors** Supine Hi%soigsdr;i;tgil/ggsi:g%ind Lateral side mid-thigh

Knee flexors** Sitting Knee and hip flexed 900 Posteriorly 5 cm proximal to lateral malleoli
Knee extensors** Sitting Knee and hip flexed 900 Anteriorly 5 cm proximal to lateral malleoli

Ankle plantar flexors** Supine Knee extended Dorsum surface of metatarsal heads
Ankle dorsiflexors*** Supine Knee extended The plantar surface of metatarsal heads

*Muscle test positions according to Hislop and Montgomery, Muscle test positions reported by Olaf et al.; ** Muscle test posi-
tions by Berry et al.; and **Muscle test positions based on Wiley and Damiano

capable of following instructions and collaborating with
the examiner. Their range of motions was sufficient for
participation in the study and were allowed for perform-
ing the test positions (Table 1). Furthermore, the study
received an ethical approval from the University of So-
cial Welfare and Rehabilitation Sciences, Iran.

Prior to the test, the height and weight of each child was
measured to characterize their Body Mass Index (BMI).
The study participants were also evaluated thrice by two oc-
cupational therapists, on 10 separate days. The testing ses-
sions were similarly conducted in a private clinic. To inves-
tigate the reliability of the MMMT, two previously trained
assessors for HHD, established HHD measurements on 7
muscle groups of the subjects’ lower limb (hip flexors, hip
extensors, hip abductors, knee extensors, knee flexors, an-
kle plantar-, and dorsiflexors) using the make-test method.
Three minutes of rest was also given after evaluating each
muscle group. The position of testing approach was modi-
fied according to Hislop et al., Olaf et al., Berry et al., and
Wiley et al., studies [1, 17, 19, 20].

In the first session; the first evaluator performed measure-
ments alone and 10 days later, in the second session, two
assessors simultaneously evaluated the subjects’ muscle
strength. Upon the completion of the first evaluator’s as-
sessment, the second evaluator began the procedure and the
interval between the two evaluations was 10 minutes. Both
assessors were blind to the power scores obtained from the
earlier examination session. The two assessors were also
experienced pediatric occupational therapists and needed
training to use the HHD.

Strength was assessed via the portable device of the
MMMT (by North Cost Medical Inc., USA). This de-
vice was purchased from Noavaran Company in Iran.
Other specifications were as follows: the size of 200 mm,

the weight of 630 gr, weight range from 0 to 50 kg (110
pounds), the accuracy of 0.1 kg, and a resolution of 0.1 kg.

The position of the tester was standardized for each as-
sessment. A make-test method was used with the examiner
setting a permanent resistive load for 5 s; it was perpendicu-
larly directed to evoke an isometric muscle contraction. An
instruction of ‘press as strong as you can’ was also given to
each child for each examination.

Each child was similarly allowed to practice the trial
before evaluating each muscle group. In addition, two
trials were performed for each muscle group and the
highest strength was recorded. Additional practice tri-
als were also allowed, if necessary. The power score
for each participant was obtained by averaging the
right and left sided scores for each muscle group. The
strength was then computed in kilograms.

An estimate of intra- and inter-rater reliability was man-
aged using test-retest reliability for ICC. The point ap-
proximation of the ICC values for reliability analyses was
suggested as high (>0.90), good (0.75-0.89), medium (0.50-
0.74), or low (<0.50), according to Portney and Watkins
[21]. The significance level was set at 0.05.

The first measurement of the assessor 1 and the second
assessment by the same assessor (after 10 days) were con-
sidered as intra-rater reliability (ICC, ). In addition, the first
and second assessments of assessor 1 and assessor 2 were

considered as inter-rater reliability (ICC, ), (ICC, ).
3. Results
The study participants’ demographic characteristics

are illustrated in Table 2. Accordingly, 26 children (17
boys and 9 girls) with CP participating in this study had

167



http://irj.uswr.ac.ir/

April 2019, Volume 17, Number 2

a Mean+SD age of 133.30+25.77 months. Moreover, the
Gross Motor Function Classification System (GMFCS)
levels were classified as follows: level 1=8(30.8); level
2=6(23.1); level 3=6(23.1); and level 4=6(23.1). No signif-
icant difference was reported between the subjects’ BMIs
after one week (P>0.05).

As Table 3, the lowest strength score was generally ob-
served in the ankle dorsiflexor muscles (1.73£1.02) and the
highest strength was generally observed in the hip flexors
(4.14+1.61). Moreover, the greatest difference between
times of assessment in the mean strength score was obtained
in the knee extensor muscles in the second (3.01£2.09) and
third (2.72+1.75) assessments.

Table 4 indicates ICCs inter- and intra-correlations. All
inter- and intra-correlations were reported as excellent
(ICC>0.90), except for ICC,, in the hip flexor muscles;

Table 2. The study participants’ demographic characteristics
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ICC,, in dorsiflexor muscles were also reported as good
(ICC=0.75-0.89) at a high significance level (P<0.001).

4. Discussion

The inter- and intra-rater reliability of muscle strength
measurements in a group of children suffering from CP
suggested acceptable correlations; therefore, the MMMT
is reliable for measuring muscle strength changes in chil-
dren with diplegic CP. Therefore, it is probably effective
for therapists and researchers interested in measuring the
influence of power training planning over time in individu-
als with diplegic CP [16]. Rehabilitation programs require
reliable measurement devices. For instance, it is important
for a therapist to see if the strength of the muscles is ac-
tually improved or it is because of pharmaceutical errors
[22, 23]. Moreover, inappropriate or low selective control
in several muscle groups may impede the person’s ability

Variable

No. (%) or MeantSD

Children’s age (months)

Gender

Gross Motor Function Classification System
(GMFCS)

133.30+25.77

Male 17(65.4)

Female 9(34.6)

Level 1: They walk and climb stairs without limitations 8(30.8)

Level 2: They walk with limitations 6(23.1)

Level 3: They walk with assistive devices 6(23.1)

Level 4: They are unable to walk; limited self-mobility 6(23.1)
18.18+4.26

BMI (kg/m?)

Table 3. The Mean+SD scores of measurements for muscle group strength using the MMMT on participation

Mean+SD

Muscle Group No.

Test 1 Test 2 Test 3 Median
Hip flexors 4.04+1.63 4.15+1.71 4.23+1.50 4.14+1.61 26
Hip extensors 3.04+1.87 3.30£1.65 3.50+1.84 3.28+1.78 26
Hip abductors 2.01+1.36 2.28+1.55 2.20+1.45 2.16+1.45 26
Knee flexors 3.52+2.15 3.31+1.65 3.50+1.84 3.44+1.88 26
Knee extensors 2.96+2.06 3.01+2.09 2.72+1.75 2.89+1.96 26
Ankle plantar flexors 2.79+2.09 2.54+1.76 2.60+1.73 2.64+1.86 26
Ankle dorsiflexors 1.79+1.09 1.74+1.06 1.68+0.92 1.73+1.02 26
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Table 4. The inter- and intra-rater reliability of muscle group power measurements using the MMMT in children with diplegic CP

Intra-Rater Reliability (95%Cl)

Inter-Rater Reliability (95%Cl)

Muscle Group

ICC

1,2

Hip flexors
Hip extensors
Hip abductors
Knee flexors
Knee extensors
Ankle plantar flexors

Ankle dorsiflexors

0.940(0.866-0.973)
0.970(0.932-0.986)
0.954(0.896-0.979)
0.973(0.939-0.988)
0.968(0.929-0.986)
0.975(0.945-0.989)

0.938(0.862-0.972 )

P df
Icc, , Icc, ,

0.858(0.684-0.936)  0.923(0.829-0.966) <0.001 25
0.945(0.878-0.975)  0.957(0.905-0.981) <0.001 25
0.914(0.809-0.962)  0.961(0.914-0.983) <0.001 25
0.960(0.911-0.982)  0.958(0.905-0.981) <0.001 25
0.938(0.862-0.972)  0.960(0.910-0.982) <0.001 25
0.958(0.906-0.981)  0.973(0.940-0.988) <0.001 25
0.895(0.767-0.953)  0.902(0.782-0.956) <0.001 25

to perform activities [24]. This was clearly observed in the
subjects’ ankle dorsiflexor muscles, which was consistent
with the findings of Olaf et al. [20].

The intra- and inter-rater reliability of micro manual mus-
cle tester of the HHD in the subjects with CP was reported
as acceptable. Therefore, it is suggested to use the selfsame
assessor when linear measurements are accomplished. In
this study, the make-test method was employed for assess-
ing muscle groups. Olaf et al. also reported that the make-
test method was more reliable than the break-test one for
measuring muscle strength in people with CP; although the
inter-rater reliability of the HHD was low [20]. Thus, it is
suggested to use the selfsame examiner whenever the HHD
is the preferred muscle power test procedure.

In this research, only children suffering from diplegia CP
were examined. However, there is a variety of children
with CP referring to clinics. Future studies are suggested
to examine the different types of CP and motor mobility.
Muscle strength tests can be also influenced by patients’
motivation or cooperation [25]; unfortunately, recognition
of children participating in this study was not formally de-
termined although they had no clear cognitive problems.
Furthermore, another positioning of the limbs suggested
in some studies was not used in the present research. This
is because we assumed some positioning might decrease
the patients’ cooperation or lead to an unrealistic increase

in isometric muscle contractions.

5. Conclusion

The MMMT had an acceptable reliability for testing
hip flexors, hip extensors, hip abductors, knee flexors

and extensors, dorsi-, and plantar flexors in the illus-
trated positions.
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