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Abstract: Background: Handheld dynamometers are used for diagnosis and rehabilitation at several
pathologies. Grip force is essential for a person’s quality of life. Most dynamometers are not equipped
with rehabilitation or training protocols, although the bibliography highlights this need. Objective:
To compare the validity and reliability of Jamar and K-Force Grip dynamometers in patients with
shoulder impingement syndrome and healthy people. Methods: Concurrent validity was assessed
using known weights. Forty-four (44) patients and 69 healthy adults performed three maximum
repetitions in random order with each hand, at each instrument. Reliability was evaluated using
ICCs for each instrument separately, and between the two instruments. The differences between the
two dynamometers were evaluated using repeated t-tests. Results: Concurrent validity of the two
instruments did not reveal fix or proportional bias. Analyses for reliability yield high correlation
coefficients for both groups with the lower one being between the two instruments r = 0.90, p < 0.05,
(0.72-0.91) for the healthy group. t-tests showed that all participants had lower force values when
using the K-Force Grip (p < 0.05). Conclusion: Both dynamometers were reliable in measuring hand
grip strength for both groups. K-Force Grip was reliable and valid with respect to Jamar that was
used as a benchmark. The different handle dimensions between the two dynamometers may be the
reason for the different force values.

Keywords: hand grip force; dynamometers; rehabilitation protocols; shoulder impingement

1. Introduction

Handgrip dynamometers are used for a plethora of different objectives. The most
popular of them are assessing overall strength to compare muscle function across popu-
lations and evaluate progression of wasting conditions, like sarcopenia, or even identify
potential deficits [1,2]. Handgrip dynamometers are also used as functional assessment
tools to measure the strength of different muscles, directly related with a pathological
condition, like rotator cuff strength [3]. Regarding the rehabilitation process, handgrip
dynamometers are mainly used for evaluation purposes, such as tracking overall progress
through rehabilitation [4] or testing the effect of a specific rehabilitation protocol targeting
a problem related to grip strength like shoulder impingement syndrome [5]. Adequate
handgrip strength is necessary for independent and quality daily living [6]. Yet, coordi-
nated handgrip behavior and grip strength can be lost in different pathological conditions.
This is supported by the results of a previous study [7] showing that multi-morbidity is
statistically negatively related to grip strength.

Most of the handgrip dynamometers are not equipped with an integrated module in
order to be used in rehabilitation protocols, such as scaling force targets, proprioception
enhancement tasks, or even Visio-motor coordination tasks despite the fact that there is a
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growing body of evidence concerning the necessity of such interventions in the course of
rehabilitation [8]. In many studies, the use of new technological equipment has been found
to be the most preferable asset in rehabilitation [9,10].

K-Force Grip® Kinvent 2016 is a dynamometer used in the evaluation and rehabilitation
of handgrip strength that provides real time biofeedback on a Tablet or a Smartphone,
allowing the therapist to set strength objectives and motivate the patient through the process
of rehabilitation. It is efficient and very fast at getting from the results. Testing and reporting
the export is concluded in 15 s as there is no need to transcript values to spreadsheets and
print them. It also provides the choice of interactive games based on variations of force
levels through the brand’s games suite. The therapist can follow up the patient’s progress
through K-Force Grip’s interactive database. K-Force Grip enables the therapist to create
training protocols for the patient based on biofeedback sensory information taking full
advantage of the whole force time series and not only a distinct value. Although this tool is
already being used by the therapists and can be very promising in rehabilitation, it has not
yet been tested for reliability and agreement with other devices used in the literature.

There are several studies that have tried to validate various grip strength devices. Most
of them compared the instrument to be validated with the Jamar dynamometer [11-13].
More specifically, Hogrel et al. [14] measured 346 healthy subjects with the MyoGrip and
the Jamar dynamometers and concluded that Myogrip is reliable for use. Other researchers
investigated the agreement of the instruments in pathological groups [15,16]. Jamar is used
in this study as the gold standard.

Most of the studies focused on ICC (intra-class correlation coefficients) [17,18] with
95% confidence intervals to measure intra-instrument and inter-instrument reliability,
while concurrent validity is assessed with known weights. Thus, correlation coefficients are
obtained [18]. In the cases that differences were found in the measurement values between
the instruments, the practical significance of those differences was acquired [18].

The purpose of the present study was to compare Jamar and K-Force Grip for concur-
rent validity as well as intra-instrument and inter-instrument reliability and difference in
measured values for both patients suffering from shoulder impingement syndrome and
healthy adults.

2. Materials and Methods

A total of 113 individuals voluntarily participated in the study. Forty-four (44) in-
dividuals suffering from shoulder impingement syndrome (pain group), 21 males, 23
females, and sixty-nine healthy individuals, students of physical education (healthy group),
30 males, and 39 females participated in the study. Their anthropometric characteristics are
reported in Table 1.

Table 1. Anthropometric characteristics of the participants.

Age Body Weight Height Body Mass Index (BMI)
Pain group (male) 51.6 + 13 years 79.5+12.1kg 1742 £ 8 cm 27.1 £ 7 kg/cm?
Pain group (female) 58 £ 15.7 years 632+ 115kg 159.2 £ 11 cm 252 + 6.3 kg/cm?
Healthy group (male) 19.9 & 1.6 years 7452 £9.1kg 177.8 £ 6 cm 23.6 + 2.2 kg/cm?
Healthy group (female) 19.4 £ 0.5 years 56.62 & 6.6 kg 163.8 + 5 cm 22 + 2.3 kg/cm?

Participants of the pain group were volunteers recruited during their visit to a medical
center. Participation had to meet the following criteria: (i) Presence of shoulder pain and
painful arc for 15 days up to three months (subacute stage), as longer duration is expected
to have degenerative changes [19], (ii) impingement syndrome after physical examination
at the site of treatment with musculoskeletal ultrasound (Sonoline G20), (iii) diagnosis of
impingement syndrome and not joint arthritis (AC, Shoulder), (iv) clinical signs of nerve
pressure or any red flag of other pathology, (v) no sign of neurological deficit, spine trauma,
or surgery to the cervical or shoulder area, (vi) absence of rheumatic or infectious diseases,
psychiatric or cancer history, metabolic diseases (diabetes or thyroid), coagulopathies or
use of anticoagulants, and neuromuscular degenerative diseases, and (vii) presence of
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painful arc on the movement of the shoulder and to be positive for an anterior slide test,
apprehension test, and Hawkin's test or impingement sign [20]. Patients had a different
clinical picture, but they all had to have pain on the suprascapular tendon and a positive
sign on the supraspinatus tendon. Patients with frozen shoulders were excluded from the
study. Those who had received anti-inflammatory drugs for the last 5 days, underwent
surgery or arthroscopy in the shoulder in question, or a corticosteroid injection in the joint
during the last month before the study were also excluded.

From a larger pool that visited the medical centre in a period of 2 months, 44 indi-
viduals had the above characteristics and agreed to participate. Those physical education
students who responded to the call, agreed to participate and were included in the study.
All participants were informed in advance about the purpose of the study and they were
asked to sign a consent form. The study was approved by the ethics committee of the
University (Approval number EC-13/2020).

The two instruments have a similar measuring capacity (90 kg). Yet, they have
differences regarding their weight, with Jamar being more than 3 times heavier (490 gr
vs. 150 gr) and their dimensions (Jamar: 60 x 140 x 240 mm, K-Force Grip: 40 x 45 x
120 mm). Jamar also has a replaceable battery while K-Force Grip has a rechargeable one.
An important difference is the handle position. Jamar has an adjustable handle position
while K-Force Grip has a fixed one.

2.1. Concurrent Validity

In order to check the instruments’ concurrent validity, free weights of known mass
(commercial plates used in weightlifting) that were also weighted prior to the test, were
used. Both dynamometers secured within a working bench and a series of combinations
among the known weights, ranging from 5 to 60 kg, hanged from the middle of the handles,
using a hook attached to a loop of rope. In total, 20 different weights were hanged. For
each weight, the equivalent measure from the dynamometric device was stored.

2.2. Strength Assessment

The participants” maximum isometric hand grip strength was measured using K-Force
Grip® (Kinvent, Monpellier, France) & Jamar®Plus + Digital Hand Dynamometer (Paterson
Medical®, Green Bay, WI, USA) (Figure 1a,b).

(a) (b)

Figure 1. (a) Standing position with K-Force Grip Dynamometer. (b) Standing position with Jamar Dynamometer.
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After a short familiarization process with the dynamometers, all the participants
performed three trials with each hand, using both instruments. They maintained a standing
position with the elbow joint in extension (Figure 1a,b). The K-Force Grip device has an
ergonomic elliptic shape for a better grabbing with an external diameter from 37 to 45 mm.
Taking into consideration these dimensions, the second position of the Jamar handle was
used since it was closer to the diameter of the K-Force Grip. The width along the handle of
Jamar was measured to be from 44 mm to 49 mm. The tests were held at random order.
Each trial test lasted 3 seconds while there was at least a one-minute interval between
trials. All trials were held on the same day during morning hours for each participant. All
measurements for the healthy group were performed in the same week while, for the pain
group, all measurements were performed in a period of one month. The standing testing
position with a full elbow extension was selected as it has shown excellent test—retest
reliability in the literature [21,22]. Through consecutive trials with each hand separately
for each dynamometer, the instrument reliability (intra-instrument) for the specific groups
at the selected position, was checked. There was no verbal encouragement, apart from
the instruction of “start” and “stop”. The time was kept with the use of an electronic
chronometer for Jamar and the official software regarding K-Force Grip. All measurements
were supervised by the same person.

2.3. Statistical Analysis

The data were originally checked for normality in their distribution using the Kolmogorov-
Smirnov (K-S) test.

To investigate if fixed and proportional bias were present at a concurrent validity
test within repeated measures of each instrument and between the two instruments, the
method of ordinary least products regression (OLP) was used [23].

Intra-instrument reliability was tested using an ICC (two-way random with absolute
agreement) for both instruments using the three trials for each hand. Inter-instrument
reliability was also tested using the same ICC test correlating the mean values from each
hand between the two dynamometers. At all cases, single measure ICC values were used.
Paired t-tests were also held between the two dynamometers for the mean values of each
hand, in order to check for differences in the measurements. According to the scores of the
participants and their number in each group, the Cohen’s D effect size was calculated for
every comparison. The level of significance for all analyses was set at p < 0.05. All analyses
were held using a SPSS 21 statistical package. All procedures were repeated twice, which
involves once for each group of participants.

3. Results

All the variables had approximately normal distribution since they had a p value
> 0.05 in the K-S test. The OLP test confirmed that there was no bias in the data except the
case of the mean values for the healthy group of a proportional bias was found (Table 2).

Exploratory analysis revealed that there were five outliers. At least two cases of
participants had extreme values with more than 20 kg of difference for Jamar among the
three trials (i.e., Jamar 20, 42, and 38.3 kg). There were also similar extreme differences in
K-grip around 10 kg. For comparative reasons, the last row of Table 2 shows the results
when the outliers were removed from the analysis. The proportional bias disappeared. Yet
a significant fixed bias was found.

A scatterplot concerning concurrent validity to show the data dispersion around the
line of best fit is shown in Figure 2 for each instrument.
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Table 2. Ordinary least products regression (OLP) test. Fixed bias is present if the confidence interval does not include 0
and proportional if it does not include 1. The existence of bias is marked with an asterisk.

Concurrent Validity (Against Fixed Mass)

Variable Fixed Bias Proportional Bias
Intercept 95% CI Slope 95% CI
Grip 0.004 —0.142-0.151 0.998 0.993-1.003
Jamar —0.048 —0.168-0.071 0.999 0.995-1.004
Within instruments reliability
Variable Fixed bias Proportional bias
Intercept 95% CI Slope 95% CI
Grip Left 1-2 —1.04 —4.42-2.03 1.06 0.96-1.16
Grip Left 2-3 0.6 —2.81-3.68 1.01 0.91-1.12
Grip Left 1-3 —0.53 —6.65-4.61 1.07 0.91-1.26
Grip Right 1-2 —2.62 —5.73-0.23 1.07 0.99-1.17
Grip Right 2-3 0.79 —2.45-3.75 0.96 0.87-1.06
Grip Right 1-3 1.8 —5.87-1.84 1.03 0.93-1.15
Jamar Left 1-2 —1.54 —9.43-4.99 1.03 0.85-1.23
Jamar Left 2-3 1.51 —1.61-4.4 0.96 0.88-1.04
Jamar Left 1-3 0.12 —5.94-5.34 0.98 0.84-1.14
Jamar Right 1-2 2.67 —-1.15-6.17 0.93 0.84-1.02
Jamar Right 2-3 1.57 —2.06-4.92 0.95 0.87-1.05
Jamar Right 1-3 4.21 —0.27-8.24 0.91 0.82-1.01
Between instruments reliability
Variable Fixed bias Proportional bias
Intercept 95% CI Slope 95% CI
Pain group (mean 0.35 —3.77-4.00 0.93 0.84-1.02
values Jamar-Grip)
Healthy group (mean 152 ~2.33-4.97 0.79 0.68-0.91 *
values Jamar-Grip)
Healthy group (mean
values Jamar-Grip) —-5.13 (—8.45)—(—2.07) * 0.89 0.83-1.01

outliers removed

Intra-instrument and inter-instrument reliability showed large values of ICC for both
hands at both instruments for both groups. The detailed results for each group are shown
in Table 3.

Table 3. Intra-class correlation coefficients (ICC) with lower and upper bounds of a 95% confidence interval for the

pain group.
ICC .
95% CI Pain Group Healthy Group
K-Force K-Force K-Force
Jamar Jamar Grip Grip Jamar left Jamar right Grip K-Force
Intra-instrument affected healthy (affected) (healthy) (left) Grip (right)
reliability 0.977 0.983 0.972 0.96 0.929 0.946 0.941 0.949
(0.956— (0.962— (0.946- (0.923- (0.895- (0.919- (0.911- (0.923-
0.989) 0.993) 0.987) 0.981) 0.954) 0.965) 0.963) 0.967)
Jamar—K-Force Grip Jamar—K-Force Grip Jamar—K-Force Grip Jamar—K-Force Grip
Inter-instrument affected (healthy) (left) (right)

reliability

0.979 (0.911-0.993)

0.911 (0.706-0.959)

0.91 (0.69-0.918)

0.907 (0.728-0.9134)

ICC: intra-class correlation coefficient. 95% CI: 95% confidence interval.
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Figure 2. (a) Data dispersion of 20 measures from known weights for the K-Force Grip Dynamometer (horizontal axis
represents known weights, vertical measured values in kg). (b) Data dispersion of 20 measures from known weights for
Jamar Dynamometer (horizontal axis represents known weights and vertical measured values in kg).

Paired t-tests between the two dynamometers for the mean values of each hand,
showed that the two devices differed significantly for both the affected arm (p < 0.05) and
the healthy hand (p < 0.05) regarding the pain group, and for both the left hand (p < 0.05)
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and the right hand (p < 0.05) regarding the healthy group, with K-Force Grip having smaller
values than Jamar dynamometer at all cases. The calculated effect size was at a medium
with the pain group having lower values. The descriptive values and the Cohen’s D effect
size appear in Table 4.

Table 4. Descriptive values used for the t-tests and Cohen’s D effect size for every pair of comparisons.

Pain Group Healthy Group

Jamar affected

K-Force Grip
affected

K-Force Grip
right

K-Force Grip K-Force Grip

healthy Jamar left left

Jamar healthy Jamar right

321+17kg 273 £13.8 kg

32.6 £153 kg 28.1 +13.8 kg 36.7 £ 17 kg 30+ 104 kg 38.6 £ 11.8 kg 30.7 £11.3 kg

Cohen’s D effect size

Cohen’s D effect size Cohen’s D effect size Cohen’s D effect size

0.35

0.33 0.58 0.61

4. Discussion

The present study attempted to evaluate the K-Force Grip dynamometer of K-Invent
by comparing it with the gold standard Jamar. Regarding concurrent validity, both dy-
namometers exhibited excellent correlation coefficients as recommended by the literature.
Specifically, Mathiowetz V. et al. [24] found similar results comparing the Rolyan dy-
namometer with the Jamar in a group of 60 healthy subjects.

The procedure of concurrent validity as shown by the absence of bias and also the
fitting of the data produced results that were within the recommendations of the literature,
which are considered acceptable by the American Society of Hand Therapists [25]. This
finding supports the idea that the calibration process for both instruments is valid. In fact,
this is of great importance, since the need for recalibration, even after a given time of use,
would have been a great disadvantage for both instruments and a big discomfort for the
users, most of whom may not be able to deliver the process. Furthermore, in both the
K-Force app and Jamar dynamometer, there is neither a calibration module nor directions
for calibration in the manual. In the case of Jamar, the manual suggests that the device must
be sent to the manufacturer for recalibration, elapsing one year of use, which is a procedure
that can be very arduous for the user. However, it is suggested that, if a dynamometer
is frequently used, calibration should take place at least every 5 months [26] following a
detailed protocol measurement.

Intra-class correlations showed that intra-instrument reliability was excellent. Consid-
ering Jamar, this was a finding which is consistent with previous reports [27,28]. Regarding
K-Force Grip, the high values of correlation within the trials proves the consistency of the
instrument in measuring force. Along with the excellent concurrent validity found from
the previous test, the use of K-Force Grip as a valid instrument for measuring hand grip
strength is justified. Especially for the pain group, the present results for both instruments
confirmed another interesting finding of the literature, that the reliability of grip strength is
good among patients with shoulder impingement syndrome [29], enhancing the use of the
test as a reliable quantitative method for the specific syndrome.

Intra-class correlations referring to inter-instrument reliability were good, indicating
the similarity of K-Force Grip measurements to Jamar. This proves that K-Force Grip is a
reliable device. It is also important that the above findings were observed for both groups.
In fact, the pain group, despite the relative larger values of standard deviations, exhibited
larger coefficients than the healthy group.

Despite the previously mentioned similarities, the measured values were significantly
different between the two instruments for both groups, as shown by the paired ¢-tests.
This observed difference could be attributed to the different width of the handle positions
adopted between the two instruments. The second handle position in Jamar is supposed
to be the most reliable and consistent position. It is the most appropriate position for
producing maximal grip strength for the majority of the participants, as stated by previous
studies that tested all five positions of Jamar [30,31].
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In the present study, the second position was selected because of its similarity to
K-Force Grip dimensions. Nevertheless, the effectiveness of the handle position should
be, and actually is, related to the anthropometric parameters of the hand [32]. Therefore,
since the dimensions of the handle were similar but not the same, force level differences
are not an unexpected finding. Force level differences may occur apart from the handle
position as a function of different testing postures, either by hand placement, or body
position [33]. Lastly, an interesting descriptive observation mainly regarding the pain
group was that they had similar average values for both hands, at least with the same
instrument. This could be an indication that the participants” effort was not restricted
by their shoulder impingement problem. That could be related to the position of their
arm during the test, which was not a demanding one for their shoulder. Another point
arising from this observation, concerning the functionality of the shoulder, is that, perhaps,
grip strength should be tested under dynamic task conditions within the shoulder joint
movement band [34]. This practice, in combination with kinematic information from the
upper arm, should provide a more functional assessment of the problem and a more holistic
evaluation of the rehabilitation process.

Overall, it is apparent that different handgrip positions and testing protocols may
provide different findings that could be more useful for the clinical practice. Furthermore,
the fact that K-Force Grip does not have an adjustable hand grip may influence, at some
degree, the capacity of exerting grip strength for certain participants.

5. Conclusions

The critical role of the consistency of the measurement should be the consequential
element in the measurement values, rather than their actual differences. Hence, since
K-Force Grip was found to be a valid instrument for measuring the hand grip strength for
both the healthy group and the pain group, the next important issue to be considered is
the proper use of the instrument for the benefit of the users, especially for patients during
a rehabilitation process. Nevertheless, a proportional bias between the instruments was
apparent in the OLP test. As indicated by the extreme values of the outliers, it is important
to consider these issues during data reduction and likely exclude them from the analysis.
Yet, this should not be done automatically but under serious consideration whether or
not these values may be a result of an adverse or uncomfortable experience with the
instruments or a misunderstanding of the procedure from the participants. Nevertheless,
in the present case, the outliers” exclusion would have helped to reveal a systematic bias
between the instruments, as indicated in the last row of Table 2, and was likely expected
considering the t-test. Therefore, practitioners need to account for systematic reduction in
the obtained values when K-Force Grip is used.

As foretold, a training module is an important step for the use of hand grip dynamome-
ters in the rehabilitation process. Along with the monitoring of performance through a
database, it can be a useful tool for therapists and scientists. Such features are already
utilized through K-Force Grip. Similar features are also available in the Jamar Smart,
which is a wireless version of Jamar connected to a smartphone. As the next step, features
allowing the user/therapist to easily build a complete custom rehabilitation protocol, ac-
cording to the needs of his/her patient, would add value to the quality of hand grip skills
rehabilitation, providing personalized protocols, which may have a beneficial and vital
impact in a patient’s life.

The present study apart from testing the reliability and validity of a handgrip dy-
namometer, attempted to reflect the evolution of the relevant technology and its impli-
cations on clinical and research settings. New approaches can be unrestricted by space
and time limitations, or expert’s presence during measurements and therapeutic sessions.
Moreover, observation and study of evolving phenomena in real time through data series
of grip strength and not just distinct values may offer a different perspective to the whole
process of rehabilitation.
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