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Abstract
Purpose: To evaluate the validity and reliability of a new Hand-Held dynamometer,
K-Muscle Controller, compared to MicroFET2 on measuring the shoulder’s external
and internal rotation strength on patients with shoulder impingement syndrome (SIS).
Study sample: A group of 22 (Group A) and a group of 25 (Group B) SIS patients
participated.Data collection and Analysis: The isometric force of shoulder internal
and external rotation was measured using only K-Muscle Controller (group A, two
measurements with K-Muscle Controller) or both instruments (group B, one mea-
surement with each instrument). The Intra-Class Correlation (ICC) test was used to
investigate the reliability and validity of the K-Muscle Controller. The Coefficient of
Variation (CoV) was also calculated for both shoulders’ internal and external rotation
of both groups. Furthermore, Bland-Altman plots were used to present the level of
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agreement between the measurements for both groups. Results: Intraclass corre-
lation tests revealed high correlation coefficients for validity (ICCs ranging from
0.957 to 0.986) and for reliability (ICCs ranging from 0.944 to 0.986) for both groups
and both arms for K-Muscle Controller. Moreover, CoV showcased values ranging
from 31.77% up to 48.57%. Bland-Altman plots showed that data were within the limits
of agreement indicating strong relationship between measurements without any ob-
served trend. Conclusions: K-Muscle Controller was deemed reliable for measuring
the shoulder’s external and internal strength in both healthy and pathological
shoulders.

Keywords
validity, reliability, hand-held dynamometry, shoulder internal rotation, shoulder
external rotation

Introduction

Isokinetic dynamometers as force measuring instruments have thoroughly been
evaluated (Verdijk et al., 2009), and they are often used as a gold standard to test other
muscle strength measurement devices (Johansson et al., 2015; Karabay et al., 2020;
Keep et al., 2016; Kellis & Baltzopoulos, 1995; Stark et al., 2011). They can measure
the peak and average power, rate of torque development, range of joint motion, strength
endurance, angle of maximum force and other variables which possess a crucial role in
movement biomechanics (Kellis & Baltzopoulos, 1995; Stark et al., 2011). On the other
hand, they are limited in movement variation, costly in initial purchase and mainte-
nance, and due to their mass and large space requirements, they have a lack of por-
tability (Chamorro et al., 2021; Stark et al., 2011; Whiteley et al., 2012).

Oppositely, Hand-Held Dynamometers (HHD) are low-cost, convenient, portable,
and efficient for measuring strength at a wide variety of angles and movements.
MicroFET2 (Hoggan Scientific LLC, Salt Lake City, UT, USA) is a widely used HHD,
the concurrent validity of which is moderate-to-high compared to an isokinetic dy-
namometer (Deones et al., 1994; Hansen et al., 2015; Johansson et al., 2015; Karabay
et al., 2020; Keep et al., 2016; Whiteley et al., 2012). Moreover, MicroFET2 have
demonstrated high reliability in assessing peak shoulder force (Coinceicao et al., 2018;
Cools et al., 2015; Kilmer et al., 1997). In addition, it has been used as a reference
standard in the assessment of the validity and reliability of another HHD
(Karagiannopoulos et al., 2022).

The validity and reliability of such devices are commonly assessed by calculating
the Intraclass Correlation Coefficient (ICC). Literature also has shown that reliability is
even higher, when high values of ICC are combined with high variation in the data
(Scholtes et al., 2011). This is an important parameter, as high variations are often
presented in pathological populations, where such devices are most used.
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The K-Muscle Controller (KINVENT Biomecanique, Montpellier, France) is a
relatively new HHD, which can be used for the assessment of muscle strength and
torque in a wide variety of joints’movements (Kekelekis et al., 2024; Kellis et al., 2024;
Paliouras et al., 2025; Park et al., 2024). This HHD is accompanied by a dedicated
application which provides live, wireless feedback of applied force via mobile devices,
allowing a more direct way to monitor strength results, access to the entire time series
for further analysis, and synchronization with multiple devices, i.e. an electro-
goniometer, for comprehensive evaluation of complex movements (Batatolis et al.,
2023; Kużdzał et al., 2024). The reliability of the K-Muscle Controller HDD for
assessing hip adduction strength in two different testing positions was found to be
excellent (Pippas et al., 2024). Regarding the use of this HDD for the assessment of
force in various strength tests in all major upper and lower limb joints, past research has
reported a good to excellent intra- and inter-rater reliability in young adults (de Almeida
et al., 2023). In addition, the reliability of this HDD was found to be good when
measuring force and torque at three different positions of shoulder abduction, and
moderate for normalized torque (Olds et al., 2023). In the same study, its validity was
also found to be good when measuring force and torque and moderate for normalized
torque (Olds et al., 2023). Nevertheless, to the best of the authors’ knowledge, no
reliability study was conducted for the K-Muscle Controller HDD regarding the
measurement of the shoulder joint isometric strength in a non-physically active,
pathological population, and for the shoulder internal/external rotation force in specific.
Thus, there is a need to have this instrument validated against a golden-standard HHD
in the internal/external rotation, as well to be checked for its measurement reliability in
both healthy and pathological shoulder.

The purpose of the study was to evaluate the intra-rater reliability of K-Muscle
Controller and its validity against MicroFET2 on a population with shoulder im-
pingement syndrome (SIS). This group was chosen as this pathology is very common
(Urwin et al., 1998; Östör et al., 2005). However, to materialize the aim of the present
research, only patients with unilateral SIS were examined. Thus, the opportunity to
study the validity and reliability in both healthy and pathological shoulders was
provided and, consequently, to fill the gap in the respective literature. It was hy-
pothesized that the K-Muscle Controller would demonstrate adequate reliability and
validity in both healthy and pathological shoulders.

Methods

Participants

Volunteers were recruited during their visit to a clinic. Participants were diagnosed with
SIS in only one of their shoulders, using the clinical tests of Neer impingement test and
Hawkins impingement sign. To further validate the clinical decision, patients un-
derwent an ultrasound check (Sonoline G20, Siemens Medical Solutions USA, Inc,
Washington, DC, USA) which was used to exclude joint arthritis, frozen shoulder
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syndrome, neuromuscular degenerative diseases or any other pathology. The partic-
ipants also needed to meet the following criteria to participate: (i) were in sub-acute
phase (15 days up to 3 months), (ii) had not received any treatment related to their
symptoms before the data collection, (iii) no sign of spinal injury or surgery in the
cervical and shoulder areas, (iv) no neurological, rheumatic or infectious problems, (v)
no psychiatric and cancer history, (vi) no diabetes or thyroid disfunctions. All par-
ticipants signed an informed consent form. The study was approved by the Institutional
Research Ethics Committee (approval number: 260630/2021).

The convenient sample comprised of forty-seven patients with unilateral SIS was
divided randomly into two groups (Table 1). Participants of group A were evaluated
with K-Muscle Controller twice to assess the test-retest reliability within the same
session. Participants of group B were evaluated with both HHD (K-Muscle Controller
and MicroFet2) to test the concurrent validity.

Instruments

The HHD under validation was the K-Muscle Controller (Figure 1A). The instrument is
portable and wireless and functions with K-Physio application (KINVENT Bio-
mecanique, Montpellier, France) installed in common smartphones, which receives
force data via Bluetooth at 75 Hz.

Before the measurements, a mechanical validation process took place for K-Muscle
Controller (Figure 2) using a mechanical press (WDW-5L Microcomputer control
electronic universal testing machine, Jinan Chuanbai Instrument Equipment Co., Ltd,
Jinan, China). The weights which were used with the mechanical press ranged from 0 to
90 kg, and the resultant measurement error by the K-Muscle Controller ranged from
0.02 to 0.09 kg. MicroFet2 (Figure 1B), was used as reference standard with mea-
surement error ranging from 0.04 to 0.09 kg, as specified by the manufacturer.

Experimental Procedure

Strength evaluation consisted of two repetitions of internal and external shoulder
rotation for both the shoulder suffering from impingement syndrome (SIS) and the
healthy shoulder (HS). All measurements were held in the evening hours by the same

Table 1. Anthropometric Characteristics (Mean ± Standard Deviation) of the Participants.

Parameter Group A (n = 22) Group B (n = 25)

Sex (Men:Women) 6:16 7:18
Age (years) 56.73 ± 13.75 54.16 ± 14.17
Body height (m) 1.66 ± 0.08 1.67 ± 0.09
Body mass (kg) 75.77 ± 15.98 74.0 ± 14.34
Body mass index (kg/m2) 27.26 ± 4.86 26.34 ± 4.30
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experienced tester in an examination room. Both tester and participants were blinded to
the results of the measurements during the data collection. The dynamometers were
applied on the inner surface of the wrist for the shoulder internal rotation and on the
outer surface for the shoulder external rotation. Participants were fixed on a seat with

Figure 1. K-Muscle Controller (A), and MicroFET2 (B).

Figure 2. Mechanical validation of K-Muscle Controller using the mechanical press.
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their elbow flexed at 90°. For group B, the instrument of the first repetition was al-
ternately chosen for each participant. A couple of trials were allowed for familiarization
before the actual measurements. Each test trial consisted of a 3-s isometric contraction
with a 30-s rest between all trials. Peak force was extracted from each trial. The trial
with the maximum force recorded was used for further analysis.

Statistical Analysis

Possible group differences were examined with independent samples t test following
the examination of the anthropometric data with Levene’s (p > .05) and Shapiro-Wilk
(p > .05) test, which indicated that homogeneity of variances and normal distribution
met the criteria for the implementation of parametric tests. The effect size of the group
comparison was evaluated using Hedges’ g, where the magnitude of g ≥ 0.2, g ≥ 0.5,
and g ≥ 0.8, was interpreted as small, medium, and large effect sizes, respectively.

Intra Class Correlation (ICC2,1) test (two-way random with absolute agreement) was
used to investigate the reliability of the K-Muscle Controller using peak force output
from the same instrument (test-retest) derived from two different trials (Group A). The
same ICC2,1 test was used to investigate the validity of the K-Muscle Controller with
respect to the MicroFET2 (Group B). ICC values less than 0.5 were indicative of poor
reliability, ICC values between 0.5 and 0.75 were indicative of moderate reliability, ICC
values between 0.75 and 0.9 were indicative of good reliability, and ICC values greater
than 0.90 were indicative of excellent reliability. The Coefficient of Variation (CoV)
was also calculated for the shoulders’ internal and external rotation of both groups.
Moreover, Bland-Altman plots were used to present the level of agreement between the
measurements for both groups. Limits of agreement were set as ±1.96 times the
standard deviation of the differences (Bland & Altman, 1986). For the statistical
analyses, the IBM SPSS Statistics v.28.0 software (International Business Machines
Corp, Armonk, NY, USA) was used, where an a = 0.05 level of significance was set.

Results

No differences between groups were observed regarding their anthropometric variables
(age: t1,45 = 0.628, p = .533, g = 0.18; body mass: t1,45 = 0.401, p = .690, g = 0.12; body
height: t1,45 = 0.376, p = .709, g = 0.12; body mass index: t1,45 = 0.695, p = .490, g =
0.20). Intraclass correlation showed excellent reliability (Group A) and validity
concerning K-Muscle Controller as shown in Table 2, suggesting that the measure-
ments of K-Muscle Controller and MicroFET2 were comparable. The CoVs are also
depicted in Table 2. Bland-Altman plots for reliability and validity are also presented
(Figure 3). As shown in the plots, the data are within the limits of agreement, indicating
a strong relationship between measurements without any observed trend.
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Discussion

The current study investigated the K-Muscle Controller’ validity compared to Mi-
croFET2 (reference standard), and its reliability as a force measuring device. Intraclass
correlation showed excellent reliability concerning K-Muscle Controller. In addition,
intra-class correlation referring to K-Muscle Controller’s validity was excellent,
suggesting that the measurements of K-Muscle Controller and MicroFET2 were
comparable. Past research (Olds et al., 2023) suggested that the validity of the
K-Muscle Controller compared to Kinvent force plates was good for shoulder ab-
duction force (ICC ≥.79) and torque (ICC ≥.82), and moderate for normalized torque
(ICC ≥.71).

Similar reports have been published for devices compared to
MicroFET2 concerning their validity and/or their repeatability (Cadogan et al., 2011;
Dollings et al., 2012; Karagiannopoulos et al., 2022; McLaine et al., 2016).
Karagiannopoulos et al. (2022) compared another HHD with MicroFET2 among three
different shoulder movements and found high reliability levels across all shoulder
motion. Cadogan et al. (2011), Dollings et al. (2012) and McLaine et al. (2016)
measured the intra-examiner reliability of a HHD during various shoulder movements
and found high ICC rates (ICC: 0.84 – 0.99). K-Muscle Controller comparatively
showcased excellent rates of ICC. This is in partial agreement with past research that
reported a good to excellent intra- and inter-rater reliability for the shoulder abduction
(ICC: 0.85–0.92, de Almeida et al., 2023; ICC ≥ .79, Olds et al., 2023) and flexion
(ICC: 0.71–0.92, de Almeida et al., 2023), as well as excellent test-retest reliability for
the hip adduction strength in two different testing positions (ICC: 0.77–0.95, Pippas
et al., 2024).

The above findings were observed in the SIS as well as in HS. In fact, the intra-class
correlation was excellent despite the high coefficient of variation for peak force which
both SIS and HS demonstrated (Table 2). This finding adds to the value of the reliability
since Scholtes et al. (2011) mentioned that high variation of data combined with high

Table 2. Results Concerning the Reliability (Intra-device, Group A) and Validity (Inter-device,
Group B) Scores of the Tested K-Muscle Controller Dynamometer.

Test

Group A (n = 22) Group B (n = 25)

ICC (95 % CI) CoV ICC (95 % CI) CoV

Internal rotation – SIS 0.968 (0.924–0.987) 41.97% 0.968 (0.885–0.988) 48.57%
External rotation – SIS 0.986 (0.966–0.994) 46.01% 0.957 (0.891–0.982) 43.66%
Internal rotation – HS 0.971 (0.931–0.988) 31.77% 0.983 (0.913–0.994) 47.21%
External rotation – HS 0.944 (0.866–0.977) 35.56% 0.986 (0.968–0.994) 38.31%

Note. ICC: intra-class correlation coefficient; CoV: coefficient of variance; CI: confidence interval; SIS:
shoulder with shoulder impingement syndrome; HS: healthy shoulder.

Grigoriadis et al. 7



intra-class correlation results in much higher reliability, which highlights the repeat-
ability of the K-Muscle Controller measurements.

Despite the high ICC values that were reported both in their present study and in
previous research, there are various ways through which the reliability and accuracy of
HHDs could be improved. It has been shown that external, rigid, and belt like fixation
of HHD can offer results with high reliability and validity (Byrne et al., 2020; Katoh
et al., 2011; Martins et al., 2017; Thorborg et al., 2012). Furthermore, live and visual
biofeedback of force output, a feature that is included in the assessed HHD, can add
value for an experienced clinician who needs to interpret the strength results during
assessments.

Figure 3. Bland Altman plots for reliability (Group A) and validity (Group B) in internal and
external rotation for both upper limbs. HS = healthy shoulder. SIS = shoulder with shoulder
impingement syndrome. Values are in Newtons.
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In the current study, between-rater and between-sessions reliability and validity was
not assessed. This limitation should be investigated in future studies to further validate
K-Muscle Controller and similar HHD devices.

Conclusion

As a valid and reliable device, K-Muscle Controller is adequate for clinical application
on patients for measuring strength deficits. In addition, due to its portability and low-
cost, it is a convenient instrument that clinicians can use especially in situations where
patients cannot be placed on an isokinetic dynamometer, as the present findings in-
dicated that the K-Muscle Controller is valid and adequate for isometric strength
measurements in both the impinged and healthy shoulder of SIS patients.
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