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ABSTRACT

respectively.

differences during the 2 testing sessions.
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INTRODUCTION

Shoulder impingement syndrome (SIS) is a general term
that describes decreased movement of the glenohumeral
joint as a result of shoulder pain and muscle weakness.'~
Shoulder pain is second only to low back pain in
prevalence, affecting 16% to 21% of the general
population. *¢ SIS is considered the main cause of shoulder
pain, affecting 44% to 60% of all patients with shoulder
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Objective: The purpose of this study was to investigate the degree of test-retest reliability of grip strength
measurement using a hand dynamometer in patients with shoulder impingement syndrome.

Methods: A total of 19 patients (10 women and 9 men; mean =+ standard deviation age, 33.2 £+ 12.9 years; range 18-
59 years) with shoulder impingement syndrome were measured using a hand dynamometer by the same data collector
in 2 different testing sessions with a 7-day interval. During each session, patients were encouraged to exert 3 maximal
isometric contractions on the affected hand and the mean value of the 3 efforts (measured in kilogram-force [Kgf]) was
used for data analysis. The intraclass correlation coefficient (ICC,,;) as well as the standard error of measurement
(SEM) and Bland-Altman plot were used to estimate the degree of test-retest reliability and the measurement error,

Results: Grip strength data analysis revealed an ICC, ; score of 0.94, which, based on the Shrout classification, is
considered as excellent test-retest reliability of grip strength measurement. The small values of SEMs reported in both
sessions (SEM;, 2.55 Kgf; SEM,, 2.39 Kgf) and the small width of the 95% limits of agreement in the Bland-Altman
plot (ranging from —7.39 Kgf to 7.03 Kgf) reflected the measurement precision and the narrow variation of the

Conclusions: Results from this study identified excellent test-retest reliability of grip strength measurement in
shoulder impingement syndrome, indicating its potential use as an outcome measure in clinical practice. (J

Key Indexing Terms: Hand Strength; Muscle Strength Dynamometer; Shoulder Impingement Syndrome

pain complaints, suggesting a frequent appearance of this
syndrome in everyday clinical practice.”* SIS is responsi-
ble for work disability and physical limitations in daily life,
and recent studies have reported that it has become a
considerable socioeconomic burden.”'?

Patients with SIS often report a clicking sensation along
with pain during arm elevation or overhead activities. '**'* To
prevent pain exacerbation, most patients avoid daily
movements or activities of the affected upper limb.'-'>'
However, these activity limitations can cause muscle
imbalances in the whole upper limb kinematic chain.?'”""
Several studies have identified glenohumeral and scapu-
lothoracic muscle imbalances caused by deficits in muscle
flexibility and strength.”** Alterations in humeral and
scapular position and motion have been linked to decreased
muscle activity of serratus anterior, lower and middle
trapezius, and the rotator cuff, coupled with tightness of the
upper trapezius, pectorals, and levator scapula muscles.>=*2*
Based on kinetic chain principles, the upper extremity is
a system of linked segments that work together to perform
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daily movements.”?” As a result, muscles imbalances in
patients with SIS could affect grip strength (GS). This notion
is supported by studies that have reported a positive
correlation between GS and shoulder muscle strength and
flexibility. 2*°

Clinicians often use dynamometers to assess the before
and after treatment effect on GS in patients with SIS.***’
Therefore, test-retest reliability of GS measurement (GSM)
seems to be one of its most important measurement
properties because as an outcome measure it is used by
the same treatment provider across repeated trials.>'**

Although GSM is widely used in clinical practice, to
date no study has explored whether this outcome measure
can yield consistent results of GS when applied across
separate measures in patients with SIS. Therefore, the
objective of this study was to investigate the degree of
test-retest reliability of GSM using a dynamometer in
patients with SIS.

METHODS

Study Design

A prospective, observational, nonexperimental design
was used to explore the test-retest reliability of GSM in
patients with SIS.*'*** The GS of consecutive patients
presenting to a rehabilitation clinic with SIS was evaluated
by the same data collector. To prevent possible learning or
fatigue effects, patients were assessed at 2 different periods
with an interval of 7 days between each period.®'~**

A double-blind procedure was used to prevent research
outcomes from being influenced by several biases that could
affect interval validity. The data collector who measured the
patients’ GS was blinded to the purpose and nature of the study
design to prevent potential recorder bias.>> During GS trials,
patients were blinded to their GS scores to address potential
expectation bias. >

Clinical Settings and Study Participants

Data collection was conducted between December 2015
and May 2016, in the outpatient physiotherapy department
of Nicosia General Hospital. Consecutive patients diag-
nosed by orthopedic surgeons as having SIS, based on
radiographs or magnetic resonance imaging, were referred
to the outpatient physiotherapy department and were
initially recruited. An independent physiotherapist not
involved in assessment of the patients’ GS screened all
referred patients and determined eligibility for participation
(n = 25). Participants were eligible if they reported (1)
painful shoulder range of movement, (2) shoulder weak-
ness, (3) clicking sensation in the shoulder, and (4) a
positive result on Hawkins and Neer tests.*’*® Participants
were excluded if they had a history of shoulder surgery on
the symptomatic side; had shoulder pain caused by major
shoulder trauma; had a history of frozen shoulder, traumatic

Savva et al
Test-Retest Reliability of Handgrip Strength

shoulder dislocation, or instability in the last 3 months; or
had undergone physiotherapy treatment during the last 2
months.>*° Participants were also excluded if they had
been receiving any prescription or over-the-counter anal-
gesia or anti-inflammatory medication within 2 weeks
before the study.'*

Of the 25 consecutive patients, 6 were excluded because
they did not meet the inclusion criteria. A total of 19
patients (mean + standard deviation [SD] age = 33.2 £ 12.9
years; range 18-59 years) met the inclusion criteria and
were enrolled in the study. A difference in reliability of 0.9
and 0.7 at 80% power and a 5% level of significance using 2
ratings was set. Based on 2 testing sessions, an « value of
.05, and a power of 0.80, a minimal sample size of 19
patients was identified. Specifically, 10 women (mean age +
SD, 35 + 14.3 years) and 9 men (mean age + SD, 32.2 +
11.7 years) were included. ***!

Ethical Considerations

On meeting the requirements for inclusion, participants
gave written informed consent before participation. The study
was approved by the Cyprus National Bioethics Committee.

Instrument

The hydraulic hand dynamometer (Sachan Corporation,
Busan, South Korea) was designed after the Bechtol in
1954 was used to measure the patients’ GS.** The
outcomes from this dynamometer are read in
kilogram-force (Kgf) with 2-kg gradations.**** The hand
dynamometer has been reported to have excellent test-retest
reliability, with intraclass correlation coefficient (ICC, ;)
values varying between 0.81 and 0.98.***> The specific
dynamometer was chosen for the present study because it
produces similar and constant results of GS when applied
by the same data collector across repeated GS trials and has
been recommended by the American Society of Hand
Therapists (ASHT). *¢-*®

Procedure

Patients were assessed for GS on 2 different testing
sessions with an interval of 7 days between sessions.”'*
Time of testing was standardized and patients were advised
to attend in morning sessions between 8:00 and 12:00.
Also, patients followed a standardized protocol for GS data
collection as recommended by the ASHT.*"*¢

Grip strength measurements were applied in the position
recommended by the ASHT: sitting position with the feet
flat on the floor, shoulder at 0° of flexion, abduction, and
rotation; elbow flexed to 90°; forearm and wrist rested in a
neutral position.**** In this standardized arm position,
patients underwent a familiarization trial as they were
instructed to hold the handle and squeeze the hand
dynamometer set at the second handle space.”’ In addition,
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patients were allowed to 2 to 3 gripping movements following
a standardized verbal instruction from the data collector that
was based on the ASHT protocol. The instructions were:
“Please hold the handle like this and squeeze as hard as you
can. Are you ready? Squeeze as hard as you can. Harder...
harder... harder... relax.” When patients became familiar with
the task, they were instructed to perform three 5-second
maximal gripping contractions.***>! Every effort lasted 5
seconds and was followed by a 15-second rest period to avoid
fatigue effects. During the rest period the data collector
recorded the maximum GS of each effort.*® The peak GS
reading of the 3 trials was noted and averages were taken for
the GS data analysis.

Data Analysis

The Statistical Package SPSS Version 17 (SPSS Inc,
Chicago, Illinois) was used for analysis. Test-retest
reliability of an outcome measure is recommended to be
interpreted based on correlation coefficients and measure-
ment error.>> The ICC,,; is recommended in reliability
studies with 1 data collector who examines the degree of
agreement of GS scores between the 2 testing sessions. >
The ICC, ; was estimated for single measures using a 2-way
random effect model of absolute agreement for the
calculation of ICC.** To increase the level of certainty
where the precise ICC, ; value may lie, the 95% confidence
interval for ICC,; was also calculated.>® The obtained
ICC;,; value was interpreted using the Shrout classification.
> Based on this classification, test-retest reliability is
considered as good for an ICC,; of 0.61 to 0.80 and
excellent for 0.81 and 1.00.°* The standard error of
measurement (SEM) and Bland-Altman plot were used
along with the estimation of ICC,; to determine the
measurement precision and provide information regarding
the magnitude of measurement error. >

RESULTS

Handgrip strength test results for 19 patients with SIS
collected on 2 different occasions were analyzed (Table 1).

Grip strength data analysis revealed an ICC,; score of
0.94. Based on the Shrout classification, this score is
considered as excellent test-retest reliability for GSM.”*
The given range of scores of the 95% confidence interval
varied from 0.86 to 0.97, suggesting that there are 95 out of
100 chances the ICC, ; precise value would fall between
these 2 bounds. Regarding the estimation of measurement
error, smaller SEM was identified in the second occasion
(SEM,, 2.39 Kgf) compared with the SEM value collected
during the first occasion (SEM;, 2.55 Kgf). In addition,
Bland-Altman plot analysis indicated that the mean
difference of the 2 measurements and the width of the
95% limits of agreements (mean difference = 1.96 SD) was
—0.18 Kgf and —7.39 to 7.03 Kgf, respectively (Fig 1). As
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Table 1. Grip Strength Data Collected Across 2 Testing Sessions

Patient No. First Testing Session, Kgf Second Testing Session, Kgf

1 385 315
2 425 48.5
3 42 41
4 52 48.5
5 45 44.5
6 20.5 23.5
7 27 33
8 475 46.5
9 27.5 27.5
10 33 33
11 22.5 25
12 255 25
13 255 24.5
14 46 53
15 55 50
16 39.5 41.5
17 50 48
18 21.5 23
19 39 36

Kgf, kilogram-force.

shown in Figure 1, all GS data points lie within the 95%
limits of agreement, indicating a normal distribution of the
differences.

DISCUSSION

Often patients with SIS have weakness in GS, and GSM
has been suggested to quantitatively determine GS
deficits.”®*° However, to date no study has explored the
test-retest reliability of GSM in this population. Therefore,
the objective of this study was to investigate the test-retest
reliability of GSM using the hand dynamometer.

Results from this study revealed an excellent test-retest
reliability of GSM with an obtained ICC, ; value of 0.94.
The 95% confidence interval of the ICC,; increased the
level of certainty that the test-retest reliability is considered
excellent because its lower and upper bounds (0.86 and
0.97, respectively) were within the excellent range of scores
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Fig 1. Bland-Altman plot. Y-axis represents the difference between grip strength scores (measured in kilogram force). X-axis represents
the mean of the 2 measurements (measured in Kgf). The central line represents the mean difference of the 2 measurements (mean
difference, —0.18 Kgf). The upper and lower dashed lines represent the width of the 95% limits of agreements (mean difference + 1.96

standard deviations, —7.39 Kgf'to 7.03 Kgf). Kgf, kilogram force.

given by the Shrout classification.”* This means that GSM
is a reliable outcome measure providing similar and stable
results when applied on repeated trials and therefore it is
recommended for use in patients with SIS.*! The excellent
test-retest reliability was related with low values of SEM
and small width of the 95% limits of agreement in the
Bland-Altman plot, reflecting the measurement precision
and the narrow variation of the differences during the 2
testing sessions. ¢ Interpreting the patients’ GS perfor-
mance, in the second occasion most of them had a lower GS
score compared with the first occasion, although this can be
explained by the ongoing process of SIS and the patients’
habit to avoid movements or activities of the involved upper
limb, leading to further muscle weakness. >>°* In addition,
it also highlights that the procedure of data collection was
not biased by learning effects.?*

Test-retest reliability of GSM can be influenced by various
factors such as participant testing position, number of grip
trials, type of dynamometer, and time of day.*>*"*® A standard
protocol that has been advocated by the ASHT*">% was used.

Studies on asymptomatic populations have reported
excellent test-retest reliability of GSM with an obtained
ICC;,; measuring from 0.87 to 0.97, although data analysis
in most of these studies was problematic because of the lack
of measurement error estimation>’ or inappropriate corre-
lation coefficient tests. ****%° Excellent levels of test-retest
reliability (ICC,,; >0.91) have been also detected in

symptomatic populations with patients experiencing various
musculoskeletal disorders, including cervical radiculopathy”'
and thumb carpometacarpal osteoarthritis, ** or in patients after
carpal tunnel decompression and flexor tendon repair.
However, this is the first study that highlights the excellent
test-retest reliability of GSM in SIS, indicating its potential use
as an outcome measure in clinical practice.

Limitations

Although reliability of GSM can be affected by several
factors, including pain, dysfunction of shoulder movement,
or chronicity of SIS’s symptoms, these factors were not
controlled. In addition, although SIS is an umbrella term
that contains numerous pathologic conditions such as
partial thickness rotator cuff tears, capsular laxity, and
tightness, patients were not classified in accordance of the
exact cause of SIS, type of impingement, location of
shoulder pain, level of activity, or involved impingement
structures.

CONCLUSION

Test-retest reliability of GSM used as an outcome
measure in patients SIS was excellent, indicating its
potential use in clinical practice. Further studies evaluating
test-retest reliability of GSM in SIS according to the cause
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and type of impingement, chronicity, and location or
intensity of symptoms are now justified.
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Practical Application
® Grip strength measurement as an outcome
measure in patients with SIS can yield similar
and stable results of GS when applied across
repeated trials, indicating its use in clinical
practice.
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