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Abstract: Background: To investigate a simple way to improve the reliability of handheld dynamometer (HHD) mea-
surements using learners.Methods: Maximal voluntary contractions (MVCs) of 21 healthy young adults were tested
by 2 HHD learners with the subjects in supine position. The MVCs of the elbow flexor, elbow extensor, hip flexor,
and knee extensor were tested bilaterally at two different joint angles. The intraclass correlation coefficients (ICCs)
and the smallest real differences (SRD) were used to examine the relative and absolute reliabilities. Bland-Altman
analyses were used to assess differences between rater measurements, and paired t-tests were used to check for
systematic bias.Results: Reliability was better when the muscle was tested in the weaker position. (E1 < E2 (P <
0.0001), ICCs of E1 (0.78) > E2 (0.76), SRD of E1 (29.7) < E2 (34.6); E3 > E4 (P < 0.0001), ICCs of E3 (0.74) < E4
(0.86), SRD of E3 (38.3) > E4 (25.5); H1 > H2 (P < 0.0001), ICCs of H1 (0.19) < H2 (0.62), SRD of H1 (80.4) > H2
(42.1); K1 < K2 (P =0.0001), ICCs of K1 (0.22) > K2 (0.06), SRD of K1 (59.0) <K2 (94.5)). Systematic bias existed
in one of the testing positions (E4). Conclusions: Changing the joint angle of the limb tested could be a simple way
to improve the reliability of handheld dynamometer measurements.
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Introduction ings [33]. HHD application typically uses either
“make” or “break” tests to measure strength,
both of which give the most reliable results
when the upper limb of the tester is stronger
than the muscle group being tested in the sub-
ject [7-13, 33]. However, human lower limb

strength is typically greater than upper limb

Although manual muscle testing is widely used
in the clinic for practice, it is not sensitive
enough to evaluate subtle changes in motor
function [1-3]. As a result, quantitative tests of
motor function have been developed for

increased accuracy [4, 6]. Isokinetic dynamom-
etry, first introduced in the early 1980s, is one
method that was initially used to evaluate mus-
cle strength quantitatively. However, its usage
was limited due to its high cost, large space
requirement, and long assessment time [6].

Handheld dynamometry is an alternative meth-
od of quantitative muscle testing [4-9]. When
compared to isokinetic dynamometers, hand-
held dynamometers are lightweight, portable,
and inexpensive, yet still obtain reliable read-

strength. As a result, measurements of the sub-
ject’s lower limb by HHD are typically unreliable
and clinical usage is limited.

This research aims to improve the reliability of
HHD by exploring differences in the measure-
ment of muscle strength at different joint
angles in the same limb. We hypothesize: 1)
that the muscle strengths of different joint
angles within the same limb are different, with
some positions being stronger than others; 2)
there is a close correlation between the muscle
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Table 1. Subject and rater demographics

Age (years) Height (cm) Body weight (kg) Grip (kg, right) Grip (kg, left) Occupation
Men (n = 10) 39.0+95 167.8+4.0 74.0 £ 10.0 73.3+195 709+18.0 Care worker
Women (n=11) 30.7 £6.3 160.5+ 3.5 53.5+6.2 39.7 £8.9 372+ 74 Registered nurse
Rater A (male) 21 178 72 100 100 Intern nurse
Rater B (female) 26 166 61 52 51 Registered nurse

Subject measurements are indicated as Mean + SD.

Table 2. Test position and dynamometer placement for each muscle action

Muscle Action Extremity/Joint Positions

Location of Dynamometer Application

Elbow Flexion (E1)
Elbow Flexion (E2)
Elbow Extension (E3)
Elbow Extension (E4)
Hip Flexion (H1)

Hip Flexion (H2)
Knee Extension (K1)
Knee Extension (K2)

Shoulder neutral, elbow 45°, forearm neutral

Shoulder neutral, elbow 90°, forearm neutral

Shoulder neutral, elbow 150°, forearm neutral

Shoulder neutral, elbow 90°, forearm neutral

Hip flexed 45°, knee flexed, contralateral hip neutral

Hip flexed 90°, knee flexed, contralateral hip neutral

Hip flexed 90°, knee flexed 90°, contralateral hip neutral
Hip flexed 125°, knee flexed 150°, contralateral hip neutral

Just proximal to styloid processes
Just proximal to styloid processes
Just proximal to styloid processes
Just proximal to styloid processes
Just proximal to femoral condyles
Just proximal to femoral condyles
Just proximal to malleoli

Just proximal to malleoli

strength at the strong and weak positions with-
in the same limb; and 3) reliability is greater
when the weak position is tested. Therefore, it
is possible to improve the reliability of handheld
dynamometer measurements by changing the
joint angle of the tested limb.

Methods

We investigated reliability using a single-group,
repeated-measures design.

Subjects

Twenty-one healthy adults were recruited from
the department of spinal cord injury (SCI) reha-
bilitation in the China Rehabilitation Research
Center. Subjects were asked to avoid intense
exercise in the 24 hours before the test, but
light activities were acceptable. The research
protocol was approved by the institutional
review board of our hospital, and written
informed consent was obtained from all sub-
jects. Subject demographics are included in
Table 1.

Procedures

Muscle strength was tested by 2 handheld
dynamometer learners. Rater A, a male intern
nurse, and Rater B, a female registered nurse
in the department of SCI rehabilitation, partici-
pated in a 2-hour training session led by the
principal investigator to standardize evaluation
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procedures. Both raters were randomly
assigned and blinded to the strength values
obtained by the other. Rater demographics are
included in Table 1.

A calibrated HBO HHD (Yueqing Haibao
Instrument Co., Ltd., Zhejiang Province, China)
was used to measure muscle strength of bilat-
eral upper and lower extremities. The tested
muscles included the elbow flexor at the posi-
tion of flex 45° (E1) and 90° (E2), the elbow
extensor at the position of flex 150° (E3) and
90° (E4), the hip flexor at the position of flex
45° (H1) and 90° (H2), and the knee extensor
at the position of flex 90° (K1) and 135° (K2).
For all measurements, the shoulder and hip
joints were kept in the neutral position, and the
measured joints were stabilized. The moving
arm of an angle meter was bound to the
patient’s body with string to ensure a constant
joint angle during muscle strength measure-
ments. Detailed information on individual test-
ing procedures is included in Table 2.

Subjects were placed in the supine position
during the test (Figure 1). The testing sequence
began with the side of arm or leg randomized.
Subjects were tested twice in a 1-week time
span by both raters. The second test sequence
was identical to the first.

The make test [5, 6, 15] was used in this study.
Subjects were asked to exert maximum force
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E1= Measurement of elbow flexor at

the position of elbow flex 45°

[

at the position of elbow flex 150°

position of hip flex 45°

the position of knee flex 90°

Figure 1. Details of Test Positions and Dynamometer Placements Used During
the Testing of 8 Muscle Actions With a Hand-Held Dynamometer.

against the applicator for 3 seconds while the
dynamometer was held stationary by the rater.
The applicator was immediately removed from
the limb and the force was recorded. Before the
test, the principle investigator explained and
demonstrated the make test and asked sub-
jects to practice once to familiarize themselves
with the test method for each muscle. Streng-
th was measured twice for each muscle gro-
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E2= Measurement of elbow flexor at

the position of elbow flex 90°

E3= Measurement of elbow extensor E4= Measurement of elbow extensor
~ at the position of elbow flex 90°

. A

H1= Measurement of hip flexor at the H2= Measurement of hip flexor at the
position of hip flex 90°

K 1= Measurement of knee extensor at K2= Measurement of knee extensor at
the position of knee flex 150°

up during a session, with
a 30-second rest period
between trials. Averages
for the two trials were com-
puted to improve reliability
(14, 19].

Data analyses

A MedCalc Version 13.1.2
was used for all statistical
analyses. A non-parametric
Kolmogorov-Smimov  test
was used to confirm deter-
mines normal distribution
of rater measurements.
Bland-Altman analyses we-
re conducted, and paired
t-tests were to assess sys-
tematic bias. ICC and SRD
were used to estimate rela-
tive and absolute reliabili-
ty, respectively. SRD was
established by a series of
statistical procedures [19]
(Table 4).

Results

All subjects confirmed that
they had not exercised
intensively in the 24 hours
prior to the test. Kol-
mogorov-Smimov analysis
confirmed that limb mea-
surements obtained by
both raters were normally
distributed. Since there
was no significant differ-
ence between the mean
strength measurements of
the left and right limbs (P >
0.05, Table 7), right and
left strength measure-
ments were averaged and
used to calculate the inter-
rater reliability of each
muscle. For relative reliability, the ICCs for 3
muscle strengths (E1, E2 and E4) were above
0.75 (0.76-0.86), indicating excellent interrater
reliability (Table 3). The values of the ICCs for
E3 and H2 were 0.74 and 0.63, respectively,
indicating that interrater reliability was fair to
good. The value of the ICCs for H1, K1 and K2
ranged from 0.06 to 0.22, indicating that inter-
rater reliability was poor.
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Table 3. Relative interrater reliability of upper and lower extremity strength

Measurement Rater A (N) Rater B (N) Paired t-test ICC 95% ClI for ICC
E1 103.1+23.4 106.7 £ 22.6 P=0.2848 0.78 0.5304 - 0.9078
E2 120.6 + 22.5 133.7 £ 27.1 P=0.3434 0.76 0.4836 - 0.8960
E3 123.5+24.9 127.7 + 29.6 P=0.3522 0.74 0.4481 - 0.8867
E4 90.3+21.4 97.7 +27.4 P=0.0274 0.86 0.6779-0.9413
H1 165.0 £ 35.7 157.3 +28.5 P=0.4016 0.19 -0.2596 - 0.5772
H2 127.0 + 25.7 122.3+23.9 P=0.3434 0.62 0.2512-0.8277
K1 112.9 £29.8 102.6 £ 15.8 P =0.1689 0.22 -0.2369 - 0.5931
K2 165.6 + 37.7 152.6 £ 32.0 P=0.1878 0.06 -0.3855 - 0.4758

E1 = strength measurement of elbow flexor at the position of elbow flex 45°; E2 = strength measurement of elbow flexor at
the position of elbow flex 90°; E3 = strength measurement of elbow extensor at the position of elbow flex 150°; E4 = strength
measurement of elbow extensor at the position of elbow flex 90°; H1 = strength measurement of hip flexor at the position

of hip flex 45°; H2 = strength measurement of hip flexor at the position of hip flex 90°; K1 = strength measurement of knee
extensor at the position of knee flex 90 °; K2 = strength measurement of knee extensor at the position of knee flex 150° (see
Figure 1). ICC = intraclass correlation coefficient; 95% Cl = 95% of confidence interval. Force measurements are indicated as

mean + SD.

Table 4. Absolute interrater reliability of upper and lower extremity strength

Measurement a ) |3 |/mean LOA(d + 1.96SD) SEM(N) SEM% SRD(N) SRD%
E1 3.6 2.2% 33.410-26.1 10.7  10.2%  29.7  28.3%
E2 131 9.1% 48.0t0-21.8 125  9.8% 346  27.2%
E3 4.2 0.8% 43.810-35.4 13.8  11.0% 383  30.5%
E4 7.4 7.3% 35.2 to -20.5 9.2 9.8% 255  271%
H1 7.7 9.5% 73.110-88.5 200 18.0% 80.4  49.9%
H2 4.6 3.4% 38.1t0-47.3 152  12.2% 421  33.8%
K1 -10.3 4.8% 54.3 10 -74.8 213 19.8% 59.0 54.7%
K2 -13.0 4.8% 72.910-98.9 341  21.4% 945  59.4%

d = mean difference of the average strength measured by rater A and rater B. A positive value of d indicates that rater B
obtained a higher mean strength measurement than rater A; | d |/mean = the absolute mean difference divided by mean
strength from rater A and rater B; LOA = limits of agreement = d + 1.96 SD; SEM = standard error of measurement =

(Total variance

)(1- 1CC)} SRD = smallest real differences = 1.96 x

2 % SEM; SEM% = SEM/mean strength; SRD% = SRD/

mean strength. E1 = strength measurement of elbow flexor at the position of elbow flex 45°; E2 = strength measurement of
elbow flexor at the position of elbow flex 90°; E3 = strength measurement of elbow extensor at the position of elbow flex 150°;
E4 = strength measurement of elbow extensor at the position of elbow flex 90°; H1 = strength measurement of hip flexor at
the position of hip flex 45°; H2 = strength measurement of hip flexor at the position of hip flex 90°; K1 = strength measure-
ment of knee extensor at the position of knee flex 90 °; K2 = strength measurement of knee extensor at the position of knee
flex 150° (see Figure 1).

For absolute reliability, the SRD of each muscle
ranged from 25.5 N to 94.5 N (Table 4). The
SRD% of upper limb muscle groups was
between 27.1% and 30.5%, with E4 having the
smallest measurement and E3 having the larg-
est. The SRD% of lower limb muscle groups was
unsatisfactory, ranging from 33.8 to 59.4%,
with H2 having the smallest measurement and
K2 having the largest.

Table 5 showed the correlation and regression
equation of extremity strength measured at dif-
ferent joint angles. Muscle strength of the
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same limb was different at different joint angles
(P £0.0001). Some positions were weak, such
as E1, E4, H2 and K1, while others were strong,
such as E2, E3, H1 and K2. However, there was
a close correlation between strong and weak
positions for measurements in the same limb.
The ICCs for E1 and E2, E3 and E4, H1 and H2,
K1 and K2 were 0.96, 0.83, 0.85 and 0.71
respectively. The regression equation (P <
0.0001) indicated linear correlation.

The results of Bland and Altman plots are
shown in Figures 2 and 3 for upper and lower
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Table 5. The correlation and regression equation of extremity strength measured at different joint
angle

Measurement Paired t-test ICC Regression Equation F-ratio Significance level
E2 (y) to E1 (x) P < 0.0001 0.96 y=19.4778 + 1.0269x 216.9077 P < 0.0001
E3 (y) to E4 (x) P < 0.0001 0.83 y =41.4085 + 0.8953x 41.4868 P < 0.0001
H1 (y) to H2 (x) P < 0.0001 0.85 y =41.9443 + 0.9564x 51.580 P < 0.0001
K2 (y) to K1 (x) P =0.0001 0.71 y =28.5616 + 1.2114x 27.0204 P =0.0001

E1 = strength measurement of elbow flexor at the position of elbow flex 45°; E2 = strength measurement of elbow flexor at
the position of elbow flex 90°; E3 = strength measurement of elbow extensor at the position of elbow flex 150°; E4 = strength
measurement of elbow extensor at the position of elbow flex 90°; H1 = strength measurement of hip flexor at the position

of hip flex 45°; H2 = strength measurement of hip flexor at the position of hip flex 90°; K1 = strength measurement of knee
extensor at the position of knee flex 90°; K2 = strength measurement of knee extensor at the position of knee flex 150° (see
Figure 1). ICC = intraclass correlation coefficient.

Table 6. Comparison of results with previous studies

Average of Mean Measurements of Published Measurements

Measurement Raters A and B (N) van der Ploeg et al. [27] (N) Bohannon et al. [18] (N)
E2 127.2 (supine) > 250 (sitting) > 274.9 (sitting)
E4 94.0 (supine) > 154 (sitting) > 222.7 (sitting)
H2 124.7 (supine) > 250 (sitting) > 224.8 (sitting)
K1 107.8 (supine) > 160 (prone) > B72.7 (sitting)

E2 = strength measurement of elbow flexor at the position of elbow flex 90°; E4 = strength measurement of elbow extensor at
the position of elbow flex 90°; H2 = strength measurement of hip flexor at the position of hip flex 90°; K1 = strength measure-
ment of knee extensor at the position of knee flex 90°.

Table 7. Paired t-test results of left and right limb measurements in both raters

Rater A Rater B
Measurement ?fffri;ean:: SD SEM  twalue P-value Zlfffri;ean:: SD SEM  tvalue P-value
E1 -1.667 8.475 1.849 -0.901 0.378 0.952 11.931 2.604 0.366 0.718
E2 -1.19 12.376 2.701 -0.441 0.664 12.238 16.428 3.585 3.414 0.633
E3 1.19 12.356 2.696 0.442 0.664 -0.667 15.177 3.312 -0.201 0.842
E4 3.952 7826 1.708 2.314 0.631 0.333 7.895 1.723 0.193 0.849
K1 10.238 14.053 3.067 3.339 0.603 10.19 29.209 6.374 1.599 0.126
K2 -0.571 18.869 4.118 -0.139 0.891 2.143 19.003 4.147 0.517 0.611
H1 -0.952 23.579 5.145 -0.185 0.855 -8.19 21.009 4.584 -1.787 0.089
H2 6.19 22.754 4965 1.247 0.227 -3.524 13.14 2.867 -1.229 0.233

Right and left limb measurement data obtained by both raters was subjected to the Kolmogorov-Smimov test to confirm
normal distribution. T-values were interpreted at 20 degrees of freedom. Difference of means = Mean right limb measurement
- mean left limb measurement. SD = standard deviation. SEM = Standard error of mean. E1 = strength measurement of elbow
flexor at the position of elbow flex 45°; E2 = strength measurement of elbow flexor at the position of elbow flex 90°; E3 =
strength measurement of elbow extensor at the position of elbow flex 150°; E4 = strength measurement of elbow extensor at
the position of elbow flex 90°; H1 = strength measurement of hip flexor at the position of hip flex 45°; H2 = strength measure-
ment of hip flexor at the position of hip flex 90°; K1 = strength measurement of knee extensor at the position of knee flex 90°;
K2 = strength measurement of knee extensor at the position of knee flex 150° (see Figure 1).

limb muscle groups,respectively. The mean dif-
ference (d) between raters B and A was positive
for upper limb muscle groups and negative for
lower limb muscle groups, indicating that rater
B obtained higher measurements for upper
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limb groups only. For 3 strength tests (E1, E3
and H2), there was no significant difference in
performance between the 2 raters (|d| <4.6N).
For heteroscedasticity, larger variability bet-
ween raters (|d| = 7.4N) was found for the other

Int J Clin Exp Med 2016;9(1):199-208



Reliability of handheld dynamometer learners

o 11980 Of
30 | . 334 50 S +196 SD
[«]
| 48.0
20k o 40 F
L o ° o o (o]
10} ° ’ 0F o & ’
w oL B o B Mean  { 20 L o .
~ Of ° 36 o o 2 E_ ¢ Mean
m L e o o g 10 | 13.1
A0F o = ’ o
L 0 » (]
or . 98SD -0}
30 |26 2. ° B o196 SD
-40 0 1 . 1 " 1 " 1 L L -30 K 1 1 1 1 -21‘8|
60 80 100 120 140 160 80 100 120 140 160 180
Mean of E21 and E1 Mean of E22 and E2
60 I 50 |- )
R +1.96 SD 40 + +1.96 SD
4 r ° 438 i i -
I 5 o . 30 35.2
S2r ° o ° < 20} ©
w o o Mean W . o Mfsai
(1:) ok n Oooo 50 o 42 g 10 - o) eal
m L o o o 7.4
20 5 = ° 0 i o 3 °
e -1.96 SD -10F o ©
-40 |- 5 -35.4 20k ) -1.96 SD
" -20.5
'60 ul " 1 " 1 1 1 1 1 M '30 ul N 1 N 1 N 1 N 1 N 1 N 1
60 80 100 120 140 160 180 200 40 60 80 100 120 140 160

Mean of E33 and E3

Mean of E44 and E4

Figure 2. The results of Bland and Altman plots of theupper limb muscle groups. E21 and E1 = strength measure-
ment of elbow flexor at the position of elbow flex 45° by rater B and rater A; E22 and E2 = strength measurement of
elbow flexor at the position of elbow flex 90° by rater B and rater A; E33 and E3 = strength measurement of elbow
extensor at the position of elbow flex 150° by rater B and rater A; E44 and E4 = strength measurement of elbow

extensor at the position of elbow flex 90° by rater B and rater A. The positive value of mean difference (d) indicated
that the performance of rater B was greater than rater A.

5 positions (E2, E4, H1, K1 and K2). Only the E4
testing position showed evidence of systematic
bias (P < 0.05, Table 3).

Discussion

Previous HHD studies [14-19, 22] have empha-
sized the importance of strong arm strength
and clinical experience as prerequisites for tes-
ters. However, clinical usage of HHD is not com-
mon, and few people had the requisite experi-
ence to qualify as testers. Widespread and
universal HHD application is contingent on
whether beginners demonstrate a high reliabil-
ity. For these reasons, we chose two learners
as testers in this study.

Joint angle differences within the same limb
were chosen according to the convenience for
clinic. When comparing our results to previous-
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ly published studies, we found that different
testing position have a significant effect on
measurement results. Sitting or standing posi-
tions are frequently used as postures in previ-
ous HHD studies and tend to result in higher
measurement values [6-8, 20, 23-25]. However,
we chose a supine position for our testing pro-
tocol. As a result, our mean measurement value
for all joint angles tested was lower than those
reported by van der Plogg et al [27] and
Bohannon et al [18] (Table 6).

The supine position offers two distinct advan-
tages over a sitting position. Firstly, since the
sitting position gives larger strength values, it
also has the highest requirements for rater arm
strength and can make obtaining accurate
measurements more difficult. A number of
studies have proposed a variety of belt-stabiliz-
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Figure 3. The results of Bland and Altman plots of the lower limb muscle groups. H21 and H1 = strength measure-
ment of hip flexor at the position of hip flex 45° by rater B and rater A; H22 and H2 = strength measurement of hip
flexor at the position of hip flex 90° by rater B and rater A; K21 and K1 = strength measurement of knee extensor
at the position of knee flex 90° by rater B and rater A; K22 and K2 = strength measurement of knee extensor at

the position of knee flex 150° by rater B and rater A. The negative value of mean difference (d) indicated that the

performance of rater B was smaller than rater A.

ing methods to reduce the difficulty of opera-
tion, including fixing the measurement tools to
a seat [20], a wall [28], the edge of a bed, or a
subject’s limb [29]. While it is true that these
fixing techniques improve the validity and reli-
ability of measurements, they also require the
subject to change positions over and over
again. This is not convenient for clinical opera-
tions, and is especially unsuited for patients
with spinal instability or back pain. Thus, belt-
fixation methods are limited in the scope of
their application.

Secondly, while it is easy for the able-bodied
person to maintain a sitting or standing posi-
tion, it can be exceedingly difficult for patients
with spinal cord injuries. The supine position is
advantageous because it is suitable for almost
all types of patients. Since measuring limb
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strength is easier for both subjects and raters,
the supine position has a wider range of clinical
applications.

In accordance with Smidt et al, we considered a
SRD% of less than 30% as acceptable [19, 21].
Burns and Spanier identified that a change of >
3.5 kg (34.3 N) likely represents a true change
in strength rather than an error [9, 19].The only
measurement positions that met both of these
criteria were E1, E2, and E4. The other five (E3,
H1, H2, K1, K2) were unsatisfactory. We found
it was rather difficult to keep the hip or knee
stable in the HHD measurements. Overall, the
absolute reliabilities of the majority of positions
measured were unreliable. Schrama et al [32]
speculated that a possible reason for the high-
er reliability in the elbow is that the elbow can
be better stabilized and substitute movements
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can be prevented. Our results support this find-
ing, since the absolute reliabilities of upper
limb measurements were greater overall.
Future research could potentially focus on find-
ing a joint angle of a tested limb that provides
an even weaker strength measurement, and
thus can be more easily stabilized.

We used the interclass coefficient as a mea-
sure of relative reliability. The upper limb mus-
cle groups had high ICCs ( = 0.74) that were
deemed acceptable when compared to similar
studies [5, 7, 9-12]. However, the ICCs of the
lower limb muscle groups were unsatisfactory
(£ 0.62). Five of the testing positions (E2, E4,
H1, K1, K2) had very large absolute mean dif-
ferences in measurements between raters A
and B (= 7.4N). Analysis by paired t-test showed
that systematic bias only existed in the E4 test-
ing position (P < 0.05, Table 3).

There was a significant association between
muscle strength of the same limb measured at
different joint angles (Tables 3-5). E1, E4, H2,
and K1 were weaker positions, while E2, E3,
H1, and K2 were stronger positions. ICC showed
a close correlation between the strong and
weak positions in all muscle groups tested: E1
and E2 were 0.96, E3 and E4 was 0.83, H1 and
H2 was 0.85, K1 and K2 was 0.71 (Table 5).
Furthermore, reliability was significantly in-
creased when the weak muscle position (E1,
E4, H2, or K1) was tested. Since there is such a
close relationship between strong and weak
positions in the same limb, the change in
strength at the weak position can be used to
speculate the change in strength at the strong
position. These results can be extrapolated to
determine the change in strength of the entire
limb.

In clinical application of HHD, there are note-
worthy limitations with movements where sub-
jects can overpower the testers [30]. Wikholm
et al [31] suggested that tester strength and
reliability of HHD measurements are closely
related. Interrater ICCs decreased in magni-
tude for muscle groups that produced larger
amounts of force. Testing for muscle groups
that generated a maximum force of 120 N were
reliable when clinicians had strengths that were
at least equal to that of the subject. For mea-
surement values above 120 N, tester strength
appeared to be a major determinant of the
magnitude and reliability of forces measured
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with an HHD. In this study, the joint angle mea-
surements with the highest ICCs (E1 and E4)
also had mean force measurements of less
than 120 N, verifying this claim.

Rater B consistently obtained larger muscle
strength measurements than rater A for upper
limbs, and smaller muscle strength measure-
ments than rater A for lower limbs. The greater
variability in rater B’'s measurements can likely
be attributed to the interplay between experi-
ence and insufficient upper body strength. As
an experienced nurse, rater B showed more
mastery of the testing protocol than rater A, an
intern, and obtained higher readings in upper
limb tests. However, human lower limbs are
typically stronger than human upper limbs,
meaning that upper limb strength of the tester
is especially important when obtaining lower
limb measurements. Bohannon demonstrated
that young females typically have an upper limb
strength that is roughly half that of young males
[18]. Although she was the strongest registered
nurse in our department, rater B had an upper
limb strength that was roughly half of rater A’'s
(Table 1). The lower limb measurements
obtained by rater B were consistently smaller
than the measurements obtained by rater A,
likely due to the stark difference in tester
strength.

Physical therapy is becoming an increasingly
common profession for women. For example,
over half of the 197 therapists in the China
Rehabilitation Research Center at the end of
2013 were women. Female therapists may
become tired or exhausted when measuring
lower limb muscle strength of male patients,
resulting in lower reliability. Measuring muscle
strength at the weak position rather than the
strong position could conserve the energy of
the tester and increase reliability.

Learning effects in the second test, insufficient
recovery between tests, inherent biological or
mechanical variation, and inconsistencies in
the testing protocol are common causes of
measurement errors. Our study has two obvi-
ous limitations. Firstly, systematic bias was
found in one of the testing positions. The learn-
ers used require more clinical experience with
HHD in order to control posture in a consistent
way and standardize muscle strength measure-
ments. Secondly, the sample size used was
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small. A larger sample size (n = 40) is recom-
mended [26].

Practical applications

Accurate muscle strength assessment in a clin-
ical setting is contingent on strong upper limb
strength of the examiner when compared to the
subject. Given the large range in tester strength,
changing the testing joint angle of the limb to
the weaker muscle position can significantly
improve the reliability of handheld dynamome-
ter measurements. More accurate assess-
ments are obtained when the elbow flexor is
tested at the position of elbow flex 45° instead
of 90°, the elbow extensor at the position of
flex 90° instead of 150°, the hip flexor at the
position of flex 90° instead of 45°, and the
knee extensor at the position of flex 90°
instead of 135°.
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