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1  |  INTRODUCTION

The most common work- related injury is musculoskel-
etal disorders (MSDs). It is the cause of continuous 
health problems and physical disability among workers 
worldwide.1,2 MSDs generate additional costs and affect 
the quality of life.3 Upper extremity MSDs are also com-
monly found in many professions.4 In specific working 

populations, the prevalence of upper extremity MSDs 
has been reported to range from 22% to 40%.5 In addi-
tion, it has been reported that there were greater cost 
and work disability related to upper extremity MSDs 
than to acute upper extremity injuries.6 Moreover, the 
prevalence of symptom exaggeration or malingering 
could be approximately 30% of disability or worker's 
compensation case.7
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Abstract
Objectives: To evaluate whether the grip strength ratio of three wrist positions 
could determine sincerity of effort (SOE), by differentiating between maximal ef-
fort (ME) and submaximal effort (SE), in individuals with upper extremity mus-
culoskeletal disorders (MSDs).
Methods: A total of 19 volunteers with unilateral upper extremity MSDs (9 males, 
10 females) participated in this study. Participants performed grip strength tests in 
neutral, full flexion, and full extension wrist positions for both hands. In each wrist 
position, they exerted grip force with their ME and preferred SE for three times.
Results: Significant main effects of type of effort, wrist position (P < .001), and 
hand (P = .005) were observed. The results also showed significant interactions 
for type of effort × wrist position (P < .001) and wrist positions × hand (P = .001). 
Moreover, the grip strength ratios of neutral/flexion (N/F) and neutral/extension 
(N/E) between ME and SE differed significantly (P < .001).
Conclusion: This study suggests that the N/F and N/E grip strength ratios can 
discriminate between ME and SE in individuals with upper extremity MSDs. 
Thus, this test might be applicable to use for identifying SOE in clinical setting.
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Sincerity of effort (SOE) is a condition of patient with 
motivation to perform the test with maximal or optimal 
effort. Insincere effort is a condition when patients give 
less than full effort during the test.8 However, during eval-
uation and treatment, individuals with upper extremity 
MSDs may exert lower effort than a maximal voluntary 
contraction. Some people may put forth submaximal ef-
fort (SE) unintentionally.9,10 On the other hand, some 
individuals may intentionally exert SE for other reasons 
such as receiving more compensation and avoiding return 
to work.8,9,11,12

Therefore, health care professionals need a method 
that is valid and reliable to identify if a client is malinger-
ing because without exerting sincere effort an individual 
cannot be effectively rehabilitated. Identifying the SOE 
is necessary for effective rehabilitation program. Some 
existing SOE methods such as electromyography, the 
force- time curve, and torque- velocity test are not simple 
to apply in the clinical setting because of their complex-
ity and lengthiness to administer.13– 15 Grip strength test is 
one of the methods that can be used to determine upper 
extremity weakness.16 The SOE tests that usually are ap-
plied in the clinical setting include five- handle position 
test, the coefficient of variation, and the rapid exchange 
grip test.17,18

Currently, there are no widely accepted methods for 
identifying the SOE. A recent study by Bhuanantanondh 
and colleagues suggested that the grip strength ratio of 
neutral/flexion (N/F) and neutral/extension (N/E) may 
also be used to identify the SOE in the clinic. However, 
in their study, they conducted the test in healthy partici-
pants.19 Thus, the purpose of this study was to investigate 
whether the grip strength ratio of different wrist positions 
could discriminate between maximal effort (ME) and SE 
in individuals with upper extremity MSDs. Our hypothe-
ses were that grip strength ratio of three wrist positions 
could detect SOE in individuals with upper extremity 
MSDs.

2  |  METHOD

2.1 | Participants

Nineteen volunteers with unilateral upper extremity 
MSDs aged 20– 40 years old were included in this study. 
Individuals with history of fracture or surgery of upper ex-
tremity, neurological problems, upper extremity deform-
ity, and systemic inflammatory disease were excluded. All 
participants read and signed the informed consent that 
had been approved by the University where the research 
was conducted.

2.2 | Procedures

The methodology used in this study was adapted from a 
previous study.19 This study was a within- subject research 
design comparing between ME and SE during perform-
ing grip strength tests in neutral, full flexion, and full ex-
tension wrist positions (Figure  1). In the ME condition, 
the participants applied force with 100% effort. In the 
SE condition, they exerted force with their preferred ef-
fort. All tests were performed with Jamar dynamometer 
(Sammons Preston, Bolingbrook, IL). Handle position was 
set at the second notch position. Participants performed 
practice trials for 1 min to familiarize themselves with the 
task prior to begin the test.

The order of the ME or SE condition was randomized 
for each participant. For all tests, the tested upper extrem-
ity of each participant was positioned with shoulder close 
to side of the body and neutrally rotated, elbow flexed in 
right angle, and forearm in a neutral position. The test 
started with the wrist in neutral position, followed by 
full flexion and full extension, respectively. In each wrist 
position, they exerted grip force with their ME and pre-
ferred SE for three repetitions. Each repetition lasted 3 s 
with a 5- s interval for interchanging between left and right 
hands. A one- minute rest period was provided between 
each test.20 During the tests, the researcher provided stan-
dardized verbal instructions, but did not provide visual or 
auditory feedback to the participants.

2.3 | Statistical analysis

SPSS version 22.0 (IBM, Armonk, NY, USA) was used 
for data analysis. Descriptive statistics were reported as 
mean and standard deviation. The normality of the data 
was tested using Shapiro- Wilk test. A three- way repeated- 
measures analysis of variance (ANOVA) was used to com-
pare differences in grip strength between ME and SE in 

F I G U R E  1  Three wrist positions (neutral, full flexion, and full 
extension)
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three wrist positions of both hands. We used paired t- test 
to compare ratios of grip strength between ME and SE. 
Statistically significant was set at P- value <.05.

3  |  RESULTS

There were 19 volunteers (9 males and 10 females) with 
unilateral upper extremity MSDs participated in this study 
(mean age of 24.32  ±  6.20  years). All participants were 
right- hand dominant and had MSDs at the right upper 
extremity with mild to moderate pain. Of all participants, 
three had scapular pain, four had shoulder pain, four had 
elbow pain, two had forearm pain, and six had wrist pain. 
Table 1 shows the demographic data of the participants.

The grip strengths of different wrist positions for ME 
and SE of the left and right hands are shown in Table 2. 
The results showed that there were significant main ef-
fects of type of effort (F[1,18] = 149.225, P < .001), wrist 
position (F[2, 36)]  =  56.684, P  <  .001), and hand (F[1, 
18]  =  10.315, P  =  .005). Moreover, significant interac-
tions were found for type of effort × wrist position (F[2, 
36] = 36.041, P < .001) and wrist positions × hand (F[2, 
36) = 9.886, P ≤ .001).

The N/F and N/E ratios of grip strength of the ME and 
SE are shown in Table 3. Significant differences between 
ME and SE in the ratios of N/F and N/E of both hands 
were also observed (P < .001).

4  |  DISCUSSION

The present study found that the grip strength ratios of 
N/F and N/E were substantially different between ME 

and SE. The ratios of N/F were greater than 1.7 in the 
ME condition and less than 1.3 in the SE. The ratios of 
N/E were greater than 1.4 in the ME condition, and less 
than 1.1 in the SE condition. The findings were in line 
with a previous study which was conducted in healthy 
participants.19 This suggested that the grip strength ra-
tios of N/F and N/E might be used to assess the SOE 
in people with upper extremity MSDs. The consider-
able lower grip strength and grip strength ratio found 
in the SE condition in comparison with ME condition 
may be explained by a model developed by Kroemer and 
Marras.21 They postulated that repetitive feedback sig-
nals by adjusting the muscle fiber firing rates and the 
muscle fiber recruitments would require to control the 
muscle in the SE condition.

All grip strength tests in this study used the Jamar dy-
namometer. The handle of the dynamometer was set at 
the second notch position because at this position mus-
cle would be in the optimal length to generate grip force 
and usually are used in clinical setting.22 In addition, the 
method used in this study was adapted from a previous 
study.19 In their study, 50% of ME was used in the SE con-
dition. However, in this study, participants exerted self- 
adjusted effort in the SE condition. In addition, according 
to a study by Trossman and Li,20 at least 1- min rest pe-
riod should be provided between each grip strength test. 
Thus, a 1- min rest period between each test provided in 
this study should be an adequate time for muscle recovery. 
Therefore, the order of the test should not affect the find-
ings in the present study.

It should be pointed out that all participants in this 
study were right- handed and had upper extremity MSDs 
on the right side. The finding of this study showed that in 
the ME condition, the dominant hand grip strength was 
still higher than the other hand. This finding is in agree-
ment with the study by Noguchi and colleagues which 
asserted that the dominant hand is better in exerting max-
imum isometric contraction and controlling force exertion 
than the non- dominant hand.23

Moreover, the greatest grip strength was observed 
when performing the test with neutral position of the 
wrist in both effort conditions. The grip strength de-
clined substantially during performing the tests with 

T A B L E  1  Mean and standard deviation of demographic data of 
the participants (n = 19)

Characteristics Mean ± SD

Age (years) 24.32 ± 6.20

BMI (kg/m2) 21.11 ± 2.15

Duration of pain (months) 8.58 ± 6.44

Pain scale 2.97 ± 1.33

T A B L E  2  Mean and standard deviation of the grip strength in different wrist positions for maximal and submaximal efforts of the left 
and right hands

Hand Type of effort
Mean (SD)
Neutral wrist position

Mean (SD)
Flexion wrist position

Mean (SD)
Extension wrist position

Left Maximal 29.09 (8.31) 17.30 (4.38) 20.91 (4.72)

Submaximal 11.37 (3.77) 9.84 (2.56) 11.39 (2.89)

Right Maximal 31.47 (8.06) 18.23 (4.41) 21.25 (3.96)

Submaximal 12.72 (3.23) 10.00 (2.34) 11.56 (2.94)
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wrist in full flexion and extension positions. The findings 
are in line with previous studies.19 Pryce24 in 1980 was 
reported that the maximal grip strength was observed at 
15° of wrist extension with no deviation. Another study 
by Li25 in 2002 also found that the deviation of finger 
forces with the wrist toward flexion had a greater effect 
on decreasing than deviation toward extension. The de-
creased of grip strength with the non- neutral position 
of the wrist might be associated with the muscle length- 
tension relationship.

This study has some limitations. One of the lim-
itations is that the majority of the participants in this 
study were young adults with unilateral upper extremity 
MSDs. Therefore, the findings may not be applicable to 
other population. Another limitation is that each par-
ticipant had different area of upper extremity MSDs. 
Thus, this might affect the interpretation of the results. 
Furthermore, participants perform SE based on the re-
searcher's command which might not be the same sit-
uations that may occur in a clinic. Future studies are 
needed to run in clinical settings and find sensitivity and 
specificity of this protocol.

In conclusion, the results suggest that the N/F and N/E 
ratios of grip strength obtaining from three wrist positions 
can distinguish between ME and SE in individuals with 
upper extremity MSDs. It suggests that this protocol might 
be applicable to use in clinical setting by using the ratio 
greater than 1.7 (N/F) and 1.4 (N/E) for the ME condition 
and ratio less than 1.3 (N/F) and 1.1 (N/E) for the SE con-
dition to detect or predict SOE.
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