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Abstract 
Handgrip force (HGF) test has been used to provide important occupational health information about subject’s 

nutritional and physiological condition. Handgrip force (average and maximum) and exercise accumulated work can be 
measured using a dynamometer connected to a computer, other physiological energy spent in the HGF test can be 
obtained with infrared thermal (IRT) imaging at the anterior forearm region. A protocol has been developed combining both 
measurements, showing correlations between the measured values and the degrees of similarity between bilateral limbs 
was assessed, varying at maximum of 1.6 ºC in the considered thermal regions of interest of the forearm. The obtained 
results on 13 subjects at three different endurance HGF tests showed that the procedure is reproducible and can be applied 
in both limbs for physiological assessments in occupational, rehabilitation or geriatric contexts. 

1. Introduction 

Handgrip force (HGF) decline, aids to confirm muscle damage in the upper limbs [1], which may result from 
appearance of musculoskeletal disorders as a common sequel of body tissue aging [2] or affecting younger individuals as 
result of work-related tasks [3]. The assessment of HGF is possible through the use of dynamometers, a portable, easy to 
use and low-cost tool [4]. Depending on the type, dynamometers may be able to force, measuring torque and power [5, 6]. 
Apart from leased muscle tissue, blood circulation is also altered upon muscular mal-function [7]. 

A piece of research [8] demonstrated that aging accounts for 30% for males and 28% for females of the variance 
in HGF, and a faster decline in HGF occurs at the age of 30 for men and 50 years for women. Norman et al. [9] conducted 
a study where they concluded that muscle function reacts early to nutritional deprivation, and because of that HGF has 
also become an important indicator of nutritional status, becoming increasingly employed in nutritional intervention studies. 
They also identified that impaired HGF in patients was related with increased postoperative complications, increased length 
of hospitalization, higher re-hospitalization rate and decreased physical status. For elderly population the loss of grip 
strength implies loss of independence in their daily activities. A study published in 2011 [10] revealed that age and gender 
grip strength values are lower in younger adults than much of the international published population data, and there was 
not found any relationship of grip strength with elevated BMI. 

In terms of bilateralism, a research published by Reikerås [11] concluded that when evaluating under pathological 
conditions the HGF, the bilateral hand should be also assessed and used as a useful parameter. Another research [12] 
found that the dominant hand is significantly stronger in right handed subjects but no such significant difference between 
sides could be documented for left handed people. Cornwell et al. [13] showed that for maximum handgrip contractions, 
the bilateral deficit may be related to preferential inhibition of the stronger hand, especially for individuals who are left-
hand-strength-dominant in terms of unilateral force output, but the same was not found in the right-hand-strength-dominant. 

Infrared thermal imaging (IRT) is an imaging method that maps the skin surface temperature distribution non-
invasively and in a non-ionizing way. It can detect temperature changes which are related to blood flow and autonomic 
nervous system changes, reflecting physiological situations associated with musculoskeletal, vascular, autonomic nervous 
and locomotor systems [14, 15]. 

A previous study [16] has combined these two assessment methods and developed a methodology to quantify 
the physiological energy spent in the HGF exercise with IRT imaging, showing a statistical relationship between the two 
measurements, being therefore IRT used as a companion measurement to HGF. A recent research [17] verified the 
repeatability and consistency of the specified ROIs, which were found to be robust and repeatable with minor influence of 
operator bias, also the same research group has built an automated approach to analyze the IRT images [18], which 
showed good correlation with the manual analysis. A recent study [19] showed differences in the two techniques combined 
in discriminating young and elder populations. 

It is aim of this research to verify the bilateral differences among the limbs on the defined ROIs at the forearm 
assessment on IRT images for reference to daily occupational medicine practice. 

2. Material and methods 

This research consists on the analysis of the thermal behaviour of the forearm skin, when subjected to HGF 
exercise with the two limbs. A total of 13 healthy participants (9 men and 4 women) with ages of 26 ± 5 years old, with a 
26.0 ± 4.5% of body mass index, were recruited to take part in the experiment.  

The examinations started after 10 min’ period of thermal equilibrium to the room conditions, followed by 3 different 
HGF exercises with a total duration of 50, 100 and 130 seconds, consisting of 5, 10 and 15 grips of 5 seconds each. During 
this period, a baseline IRT image was firstly acquired, followed by the performance of the consecutive grips, ending with a 
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resting phase were the participant remained holding the handgrip device over a forearm support (Fig. 1). Images were 
collected at a rate of 1 per second during the whole tests, which had taken place at different days but at same time.  

 

 
Fig. 1: The data capture setup. 

 
The images were recorded by a thermal camera FLIR® (Wilsoville, OR, USA) A325sc (focal plane array sensor 

size of 320x240, a NETD of <50 mK at 30 °C and a measurement uncertainty of ±2% of overall reading), which was turned 
on 15 min before the first capture to ensure electronics thermal stability. The three Regions of Interest (ROI) considered 
for this test were: the ROI1 over the digital flexor muscle, the ROI2 over the wrist radial artery and the ROI3 over the wrist 
ulnar artery (Fig. 2). The images were analysed in the FLIR® (Wilsoville, OR, USA) ThermaCAM Researcher Pro 2.10 
software package (Fig. 3).  

 
Fig. 2: The Regions of interest on the IRT image. 

 

 
Fig. 3: Example of a forearm thermogram during HGF test on FLIR ThermaCAM Researcher Pro 2.10. 

 
 

ROI1

ROI2

ROI3
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This work has used a dynamometer prototype [16] developed at INEGI-LAETA, University of Porto, with patent 
application P300.3WO (September 2016). It offers a portable, fully instrumented dynamometer with wireless 
communication for reliable data recording and fast processing. It allows the analysis of grip force overtime and associated 
parameters that can be added to the traditional maximal grip strength for extended studies. Statistical assessments were 
performed with IBM SPSS v24, consisting of student t-test, Cohan’s Kappa, Inter Class Correlation (ICC) coefficient and 
Bland-Altmann charts. 

3. Results 

The temperature variation for the HGF test of 5 consecutive grips is presented at Fig. 4, of 10 consecutive grips 
is presented at Fig. 5 and of 15 consecutive grips is presented at Fig. 6 for the three ROIs and with the two forearms. 
 

 
 
Fig. 4: The average temperature variation from baseline on the three ROIs and two forearms during the 5 consecutive 
grips of 5 seconds. 
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Fig. 5: The average temperature variation from baseline on the three ROIs and two forearms during the 10 consecutive 
grips of 5 seconds. 
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Fig. 6: The average temperature variation from baseline on the three ROIs and two forearms during the 15 consecutive 
grips of 5 seconds. 
 

Comparing the ROIs mean temperature during the 3 endurance tests of left and right limb and the grip force 
measured by the dynamometer, it was found only statistical evidence of side discrimination at the ROIs in the IRT images 
(p<0.05). The ICC statistics are shown at table 1.  

Table 1. Results of ICC comparing left with right limbs. 

Measure Alpha Cronbach’s ICC ICC 95% c.i. 
ROI1 0.825 0.702 0.685 to 0.718 
ROI2 0.808 0.660 0.660 to 0.695 
ROI3 0.853 0.743 0.729 to 0.758 
Grip Force 0.867 0.765 0.721 to 0.803 

 
The Cohen’s Kappa, a robust measure of agreement values for bilateral ROI1, ROI2, ROI3 and grip force were 

0.39, 0.31, 0.42 and 0.00 correspondingly.  
The Bland-Altmann charts showed a limit of agreement for ROI1 (Fig. 7), ROI2 (Fig. 8), ROI3 (Fig. 9) and grip 

force (Fig. 10) of 1.60ºC, 1.35ºC, 1.35ºC and 8N correspondingly. 
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Fig. 7: The Bland-Altmann charts showing the limit of agreement for bilateral ROI1 average temperature variation from 
baseline between the three tests. 
 

 
Fig. 8: The Bland-Altmann charts showing the limit of agreement for bilateral ROI1 average temperature variation from 
baseline between the three tests. 
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Fig. 9: The Bland-Altmann charts showing the limit of agreement for bilateral ROI2 average temperature variation from 
baseline between the three tests. 
 
 

 
Fig. 10: The Bland-Altmann charts showing the limit of agreement for bilateral grip force average between the three tests. 
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4. Discussion  

From the results, it can be observed that despite of having only statistical evidence to reject the null hypothesis 
in the thermal variables to discriminate the bilateral side, there is a relative agreement between sides, which emphasizes 
that the developed methodology works equally for both sides but some attention has to be given in assessing bilateral 
differences, which must respect the limits of agreement. This enforces the combination of both methods in the physiological 
assessment of populations in upper limb muscular related condition risk.  

Age, sex and BMI were not considered in this study, given its being a small sample to make such assessment 
and only right-hand-strength-dominant subjects were considered in this study. 

The Cohen’s kappa is reasonable with exception of the grip force parameter in bilateral agreement of ROIs during 
HGF test. The ICC demonstrate a good agreement between the bilateral measurements and the alpha Cronbach’s good 
data consistency. The Bland-Altmann analysis demonstrated the degree of agreement and accepted variance between 
bilateral measurements, which can be stated to be reasonable and not evident for single assessments. 

Differences in the limits of agreement have to be taken into consideration in physical and physiological 
assessments as suggested by [12]. It is important to mention that this procedure is only valid when following the 
international guidelines for IRT use in medicine [15]. 

5. Conclusion 

During HGF exercise monitored with IRT there was no statistical evidence (p< 0.05) of bilateral differences among 
the limbs on the defined ROIs at the forearm assessment with infrared images for reference to daily occupational medicine 
practice. However, the degrees of similarity shown at the Bland-Altmann analysis have to be taken into consideration when 
using the ROIs temperature indicators. In this research only right-hand-strength-dominant participants took part, being the 
world population of right dominant hand estimated to represent a quota of 90%. 
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