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The aim of this paper is to determine inter-reliability, concurrent validity, and interchangeability of the SMS HG dynamometric system 
and a Jamar digital dynamometer for hand grip strength measurements performed in two relevant positions of the elbow joint, i.e. 90 o 
flexion and 180 o (full) extension. The sample in this research consisted of 61 participants and included 27 women and 34 men. 
Statistically significant differences in the results found between two positions in the elbow joint indicate that the results must be evaluated 
separately. However, regarding both testing positions, i.e. 90 o flexion and 180 o extension in the elbow joint, it was determined that SMS 
HG and Jamar instruments have a very high level of inter-reliability (ICC 0.948 to 0.980), but lack concurrent validity. The established 
mean difference of the results was higher for the 90 o than for the 180 o position but in both cases was considered to have a practical 
significance, thus not supporting the interchangeability of the instruments. 
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1.  INTRODUCTION 

Hands can be considered a highly specialized, 
manipulative organ of the human body involved in different 
tasks with various physical objects, thus capable of exerting 
a variable level of muscle force depending on the type of 
load and its intensity. Muscle strength is often equated with 
muscle force and can be defined as the ability of a muscle or 
a group of muscles to produce force while contracting 
against external resistance [1]. The isometric dynamometry 
method is used to determine the maximal force that can be 
produced during a concentric voluntary contraction against a 
supramaximal load or resistance, i.e. the maximal contractile 
potential of a muscle. In clinical and sports settings different 
dynamometric systems are used in order to determine the 
produced amount of force or torque force [2]. 

Handgrip strength is considered a limiting factor in all 
manipulative tasks performed by the cranial part of the body 
[3]. When measured properly it can provide objective and 
quantifiable information about hand function [4] and 
provide an index of the functional integrity of the upper 
extremity [5]. Furthermore, handgrip strength is positively 
related to other muscle groups [6], so it is widely used as an 
indicator of overall body strength in children, adolescents, 
and adults [7]-[9], an integral part of basic test batteries used 
in sports [10]-[12] and even a robust marker of general 
health status [13]. 

The quantitative measure of handgrip strength can be 
obtained using a dynamometer [14], but the diverse range of 
assessment protocols, testing positions, and instruments 
makes a comparison of the results fairly difficult and 
impractical so the selection of the most appropriate 
approach is usually considered within the context of the 
purpose of the assessment [15]. The most widely used 
instrument that is considered a gold standard for handgrip 
testing and evaluation is the Jamar dynamometer with an 
adjustable handle that measures grip strength in kilograms 
or pounds of force [15]. However, current hardware and 
software allow utilization of more sophisticated systems [2], 
[12] and a deeper analysis of relevant contractile, i.e. 
functional, characteristics of the tested muscle groups. 
Modern measurement systems implementing a strain gage as 
an element of the measuring chain measure applied force in 
newtons and are commonly used in clinical and especially 
sports praxis for evaluation of contractile characteristics of 
different muscle groups [6], [12], [16] including flexor 
muscles of the hand [17]. A typical example of the strain 
gage based measurement system used for acquisition and 
analysis of the force signal, i.e. for evaluation of relevant 
contractile properties of different muscle groups [6], [10], 
[12], [16], [17] is the commercially available SMS HG 
(Sports Medical Solutions Handgrip).  
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As previously mentioned, the testing position influences 
the obtained results, which is also true in relation to the 
position, i.e. the angle, in the elbow joint [18]. Previous 
research has determined that significantly lower handgrip 
strength scores are produced in 90 o flexion than in full 
extension in the elbow joint [4], [5], [18], [19], which is 
contrary to other results that indicate higher maximal 
strength in 90 o flexion in the elbow joint [20], [21]. To sum 
up, these conflicting findings are inconclusive. On the other 
hand, functional dimorphism, i.e. strength asymmetry in 
relation to hand dominance [10], has been well established.  

In relation to all aforementioned, the aim of this paper is to 
compare the Jamar handgrip digital dynamometer and the 
SMS HG strain gage dynamometric system and to determine 
their concurrent validity, inter-instrument reliability, and 
interchangeability in different positions of the elbow joint, 
taking into account the functional strength asymmetry 
related to hand dominance. 
 
2.  METHODS 

The basic method used in this research was laboratory 
testing. All research data was acquired using the 
dynamometry method. The study was conducted according 
to the standards for research methods in sports [22]. 

 
A.  The research sample 

The sample in this research consisted of a total of 61 
participants who were on average 34.2 ± 13.3 years old, had 
a mean body height of 176.4 ± 9.5 cm, and mean body 
weight of 75.6 ± 15.2 kg. The sample included 27 women 
(Age: 34.9 ± 12.6 years; Body Height: 168.1 ± 5.8 cm; Body 
Weight: 63.2 ± 7.6 kg) and 34 men (Age: 33.5 ± 14.0 years; 
Body Height: 183.1 ± 6.0 cm; Body Weight: 
85.5 ± 12.1 kg). Of the overall sample, 59 participants were 
right-handed and 2 were left-handed. All participants 
volunteered for the study, were healthy and had no 
neuromuscular disorders or orthopedic dysfunctions 
affecting hand strength. The research was conducted 
according to the postulates of the Declaration of Helsinki 
and with the permission of the Ethics Committee of the 
University of Belgrade Faculty of Sport and Physical 
Education (02 No. 484-2).  

 
B.  Equipment 

Testing of the handgrip strength (i.e. maximal isometric 
muscle force – Fmax) was performed using two measuring 
instruments – SMS HG system and a Jamar digital hand 
dynamometer (Fig.1.). The SMS HG system by Sports 
Medical Solutions, Belgrade, Serbia [23] was used for 
acquisition and in-depth analysis of the force signal, i.e. the 
F-t curve. The system measuring chain consisted of a load 
cell, an acquisition unit with integrated 12-bit A/D 
conversion and signal conditioning, and a laptop with 
installed SMS proprietary software. The employed load cell 

(CZL301) was equipped with a full bridge strain gage sensor 
located on the "S" shaped deformation element. The external 
force applied to the deformation element causes a temporary 
strain-induced deformation of the material, thereby 
producing the same relative change in the length of the 
resistive elements of the bridge, thus causing the change in 
the measured output voltage value. The strain gage had a 
rated load of 200 N, a maximum measurement error of 
0.03 %, and linear dependence. The bridge was powered by 
a stabilized 10 V voltage. The sampling frequency of the 
system was 500 Hz. Sensor calibration was performed using 
laboratory weights. 

The Jamar isometric hand dynamometer DHD-3 (SH1003) 
developed by Seahan Corporation, Masan, Korea [24] with 
provided Certificate of Calibration by B&L Engineering, 
Santa Ana, CA, USA was used as a reference instrument. 
The instrument employs a sealed hydraulic measurement 
system with declared measurement range 0-90 kg and 
accuracy ± 1 % of full scale. 

 
C.  Measurement methods 

All measurements were performed in the sitting position 
using two common protocols (elbow bent 90 o and elbow 
extended 180 o) (Fig.1.) for both left and right hand. After 
the testing procedure was thoroughly explained and 
demonstrated, each participant was further familiarized with 
the procedure by performing two trial attempts with 
submaximal intensity. After a 5 min pause, the testing was 
carried out using a randomized trial-to-trial method with the 
pause duration of 3 minutes between the trials [25]. For each 
of the testing positions and measuring devices participants 
had two trials, and the better test result was taken for 
statistical processing. All results obtained using both 
measurement devices are presented in newtons (N). All tests 
were performed at the University of Belgrade Faculty of 
Sport and Physical Education in Methodological Research 
Laboratory (MIL), between 09:00 and 11.30 AM. 

 
 

 
 

Fig.1.  Jamar dynamometer and SMS HG strain gage used in 
positions of 90 o flexion and full extension in the elbow joint.  
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D.  Variables 
The results obtained using SMS HG and Jamar 

instruments are presented in relation to relevant angles in the 
elbow joint (90 o and 180 o) and in relation to results 
obtained on the Dominant hand (DH), Non-Dominant hand 
(NDH), and Both hands (BH). All results are expressed in 
newtons (N). 

 
E.  Statistical analysis 

For the purposes of this paper, all raw data was subjected 
to descriptive statistical analysis in order to define the basic 
indicators of central tendency (Mean) and data spread (Std. 
Dev, % cV, Min, Max). Differences in the scores in relation 
to the testing position and concurrent validity of the 
instruments were evaluated using the paired samples t-test. 
Inter-instrument reliability was determined using the 
Intraclass Correlation Coefficient (ICC). A graphical 
method, the Bland-Altman plot, was used to evaluate the 
discrepancies between two measuring devices. The level of 
statistical significance was defined based on the criterion 
p ≤ 0.05 [26]. Statistical analyses were conducted using MS 
Excel 2013, IBM SPSS v23.0, and MedCalc v14.0 statistical 
software. 

 
3.  RESULTS 

Descriptive data on handgrip strength results obtained in 
different positions in the elbow joint for both hands, dominant 
and non-dominant hand using the SMS HG dynamometric 
system and the Jamar digital dynamometer are shown in 
Table 1. 

 
Table 1.  Descriptive statistics for the SMS HG and Jamar 

dynamometers in relation to elbow angle and hand dominance. 
 

SMS HG  

  N Mean 
(N) 

SD 
(N) 

%cV 
(%) 

Min 
(N) 

Max 
(N) 

90o_BH 122 395.01 118.40 29.97 208.0 720.0 
180o_BH 122 417.63 131.87 31.58 215.0 701.0 
90o_DH 61 408.71 120.00 29.36 228.0 720.0 
180o_DH 61 431.17 132.24 30.67 240.0 701.0 
90o_NDH 61 381.30 116.13 30.46 208.0 630.0 
180o_NDH 61 404.10 131.19 32.47 215.0 677.0 

Jamar 
90o_BH 122 421.33 113.87 27.03 232.5 715.1 
180o_BH 122 430.00 120.50 28.02 251.1 728.9 
90o_DH 61 433.68 115.71 26.68 232.5 715.1 
180o_DH 61 447.34 125.70 28.10 251.1 728.9 
90o_NDH 61 408.99 111.59 27.28 243.3 638.6 
180o_NDH 61 412.65 113.44 27.49 251.1 641.6 

 
Table 2. shows the results of the related samples t-test 

regarding the differences in handgrip strength scores 

obtained in different positions of the elbow joint using SMS 
HG and Jamar handgrip dynamometers. 

 
Table 2.  Pairwise comparisons of the handgrip strength scores in 

relation to used instrument and testing position. 
 

  90o - 180o df t p 

SMS HG 
BH 121 -5.799 0.000 
DH 60 -3.840 0.000 

NDH 60 -4.371 0.000 

Jamar 
BH 121 -3.307 0.001 
DH 60 -4.066 0.000 

NDH 60 -0.928 0.357 
 

Table 3. shows data regarding absolute (d) and relative 
differences (% d), inter-reliability (ICC), and concurrent 
validity (Related samples t-test) of the SMS HG and the 
Jamar instruments in relation to different positions in the 
elbow joint for both hands, dominant and non-dominant 
hand. 

 
Table 3.  Comparison of the SMS HG vs Jamar dynamometer in 

relation to elbow angle and hand dominance. 
 

  d (N) %d (%) ICC t p 
90o_BH -26.33 6.25 0.951 -5.610 0.000 
180o_BH -12.36 2.88 0.976 -4.813 0.000 
90o_DH -24.97 5.76 0.948 -4.158 0.000 
180o_DH -16.17 3.62 0.980 -5.330 0.000 
90o_NDH -27.69 6.77 0.953 -3.864 0.000 
180o_NDH -8.55 2.07 0.971 -1.641 0.106 

 
Fig.2. shows the discrepancy of handgrip strength scores 

between SMS HG and Jamar instruments when measured in 
the testing position of 90 o flexion in the elbow joint. 
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Fig.2.  SMS HG vs Jamar Bland-Altman plot for 90 o flexion in the 
elbow joint. 
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Fig.3. shows the discrepancy of handgrip strength scores 
between SMS HG and Jamar instruments when measured in 
the testing position of full extension in the elbow joint. 
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Fig.3.  SMS HG vs Jamar Bland-Altman plot for 180 o extension in 
the elbow joint. 

 
4.  DISCUSSION 

Considering the results obtained in the position of 90 o 
flexion in the elbow joint it was determined that the mean 
handgrip strength of the non-dominant hand was 
381.30±116.13 and 408.99±111.59 N measured with the 
SMS HG and Jamar instruments, respectively (Table 1.). 
The results obtained using the SMS HG instrument were on 
average 27.69 N, i.e. 6.77 % lower compared to those 
obtained using the Jamar dynamometer (Table 3.), and this 
difference was statistically significant (t=-3.864, p=0.000). 
The ICC of the results was at a high-reliability level of 
0.953 with a 95 % confidence interval from 0.851 to 0.979 
(F=30.517, p=0.000).  

The mean handgrip strength of the dominant hand 
measured in the same position was 408.71±120.00 and 
433.68±115.71 N for the SMS HG and Jamar instruments, 
respectively (Table 1.). The difference between the 
instruments was 5.76 % (24.97 N) with higher values 
obtained using the Jamar dynamometer. The difference 
between mean values was statistically significant (t=-4.158, 
p=0.000) (Table 3.). The ICC value was highly reliable at 
0.948 with a 95 % confidence interval from 0.881 to 0.974 
(F=24.266, p=0.000). 

When considering the results of both left and right hand 
obtained in the position 90 o flexion in the elbow joint, mean 
handgrip strength of 395.01±118.40 N was determined using 
an SMS HG strain gage, while the result of 
421.33±113.87 N was determined using the Jamar digital 
dynamometer (Table 1.). The difference of the results was 
6.25 %, i.e. 26.33 N with higher values determined using a 
Jamar dynamometer. The difference between mean values 
was statistically significant (t=-5.610, p=0.000). The ICC of 
the results was also highly reliable at 0.951 with a 95 % 
confidence interval from 0.878 to 0.975 (F=27.273, p=0.000) 
(Table 3.). 

Based on the information above it can be concluded that 
the SMS HG strain gage and the Jamar digital dynamometer 
have a high level of inter-instrument reliability (ICC≥0.948) 
when considering the testing position of 90o flexion in the 
elbow joint. The SMS HG strain gage consistently provides 
lower results than the Jamar instrument and these 
differences are statistically significant for all conditions 
(p<0.05), which indicates the lack of concurrent validity. 
The percentage difference between the instruments 
determined for both hands was 26.33 N, i.e. 6.25 % and it is 
considered to have practical significance (Fig.1.). The lack 
of concurrent validity and practical significance of the 
differences between the obtained results indicates that the 
instruments cannot be used interchangeably.  

Regarding the testing position of 180 o extension in the 
elbow joint, the mean handgrip strength score of the non-
dominant hand at the level of 404.10±131.19 and 
412.65±113.44 N was determined for the SMS HG and 
Jamar instruments, respectively (Table 1.). The mean 
difference was only 8.55 N, i.e. 2.07 %, and it was not 
statistically significant (t=-1.641, p=0.106). The ICC of the 
results was 0.971 with a 95 % confidence interval from 0.951 to 
0.983 (F=35.336, p=0.000) (Table 3.). 

The mean handgrip strength score of the dominant hand 
measured in the same position was 431.17±132.24 N using 
the SMS HG instrument and 447.34±125.70 N using a 
Jamar dynamometer (Table 1.). The SMS HG instrument 
provided, on average, 16.17 N lower results than the Jamar 
dynamometer. The percentage of the difference between the 
instruments was 3.62 %. The difference was statistically 
significant (t=-5.330, p=0.000). The ICC of the results was 
0.980 with a 95 % confidence interval from 0.956 to 0.990 
(F=61.293, p=0.000) (Table 3.). 

When comparing the results of both dominant and non-
dominant hand obtained in the testing position of 180 o 
extension in the elbow joint, the mean handgrip strength 
score of 417.63±131.87 and 430.00±120.50 N was 
determined using an SMS HG strain gage and a Jamar 
dynamometer, respectively (Table 1.). The mean difference 
of the results was 12.36 N, i.e. 2.88 % and the SMS HG 
system provided lower scores. The difference was 
statistically significant (t=-4.813, p=0.000). The ICC value 
was 0.976 with a 95 % confidence interval from 0.962 to 0.984 
(F=45.735, p=0.000) (Table 3.). 

Regarding the position 180 o extension in the elbow joint, 
it can be concluded that SMS HG and Jamar instruments 
have a high level of inter-reliability (ICC≥0.971). 
Statistically significant differences (p<0.05) of the results 
were determined for both hands and the dominant hand. The 
difference between the instruments, when considering the 
non-dominant hand, was not statistically significant 
(p>0.05). Overall, these results do not support the 
concurrent validity of the instruments. The percentage 
difference between the instruments determined for both 
hands was 12.36 N, i.e. 2.88 % and it is considered to have 
practical significance (Fig.2.). The lack of concurrent 
validity and practical significance [27] of the differences 
between the obtained results indicates that the instruments 
cannot be used interchangeably. 
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The comparison of the handgrip strength scores in relation 
to the testing position has revealed statistically significant 
(p≤0.05) differences between results obtained in 90 o flexion 
and 180 o extension of the elbow joint, indicating that the 
results of the two positions cannot be directly compared 
even using the same equipment (Table 2.). The results 
obtained using the 180 o position were consistently higher 
across conditions (Table 1.). In relation to the differences in 
handgrip strength related to the elbow position, the findings 
of the present study are in line with [28] who determined 
significantly higher hand grip strength values in adolescents 
when using a TTK dynamometer and full extension in the 
elbow. Conversely, the same study determined that the 
difference between the two measurement positions is not 
significant when measured by Jamar or Dynex 
dynamometer. However, the full extension provided slightly 
higher results. A study by [4] determined significant 
differences in hand grip strength in relation to the examined 
elbow positions with higher values achieved using a full 
extension position and a Jamar dynamometer. Conversely, a 
study by [29] found no differences between the two elbow 
positions in healthy adults using an MIE digital grip 
analyzer. A study by [21] determined significantly higher 
values of handgrip strength in the position of full extension 
using a Jamar instrument. A reasonable explanation for the 
established differences in handgrip strength in relation to the 
elbow position is proposed by [4] and concerns the force-
length relationship of the involved muscles, namely the 
flexor digitorum superficialis (FDS), or more precisely its 
humeroulnar head which is connected to the medial 
epicondyle of the humerus via the common flexor tendon. 
As the FDS is the only primary finger flexor crossing the 
elbow joint it is possible that it is progressively placed in 
mechanical disadvantage caused by its shortening as the 
degree of flexion in the elbow joint increases, which causes 
the reduction in force output. Considering the findings that 
FDS accounts for more than 70 % of the total force of all 
finger flexors when the point of force application is at the 
distal interphalangeal joint [30], this could account for the 
established differences. Another possible reason for the 
established handgrip strength differences in relation to the 
angle in the elbow joint is better stabilization of the wrist by 
the continuously coactivated extensor digitorum communis 
(EDC) and extensor carpi ulnaris (ECU), as well as other 
forearm muscles [31].  

 
7.  CONCLUSION 

This study determined a lack of concurrent validity of the 
SMS HG strain gage system and the Jamar digital 
dynamometer for both examined testing positions, although 
a very high level of inter-instrument reliability (ICC≥0.948) 
[32], [33] was determined across conditions indicating that 
both devices accurately measure the same contractile 
characteristic of the relevant muscle groups. In addition, the 
present study established significantly higher handgrip 
strength results obtained in the position of full (180 o) 
extension, compared to the position of 90 o flexion in the 
elbow joint using both measurement systems.  

Thus, it can be concluded that: 

The results obtained using the SMS HG strain gage 
measurement system and the Jamar digital dynamometer 
cannot be compared directly, i.e. the instruments cannot be 
used interchangeably. 

The results obtained in different elbow positions cannot be 
directly compared even when the same measurement system 
is used. 
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