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Summary 
Hand grip strength (HGS) has been proved to be a reliable 
indicator of muscle strength, making it a good candidate to 
help diagnose frailty. This research focuses on developing 
and following a protocol to test the HGS of a population 
consisting of 12 people with ages ranging from 24 to 90 
years. The instrument used for the tests was a modified 
Deyard dynamometer, which was then calibrated for use in 
tests, and the protocol was designed using previous studies 
and the ASHT as reference. With the resulting signals, 
different features were extracted to correlate them with age, 
gender and BMI. The correlation results showed that for the 
younger population, a higher age and BMI results in higher 
max HGS, a steadier grip and more overall energy applied, 
and the elderly showed more difficulty keeping a steadier 
grip, weaker max HGS values and less energy applied. It is 
recommended to use a much bigger population, especially 
(if not all) elderly to allow for more accurate and 
statistically correct results. 

1. Introduction 
Hand grip strength (HGS) has been widely used in tests by 
investigators and therapists to be able to diagnose 
sarcopenia and frailty, as it is a reliable indicator of the 
overall muscle strength, which decreases the most the older 
the patient gets, especially on women. These tests are tied 
to recent protocols, such as Southampton protocol or the 
one proposed by the ASHT (American Society of Hand 
Therapists), made to try and establish a common ground for 
different studies. 

However, even after updating these protocols recently (as 
recent as 2015), there is still a lack of consistency when it 
comes to evaluate HGS over a period of time. This is due to 
the fact that most researches focused mainly on peak HGS, 
which will not necessarily give insight on how the patient’s 
strength was distributed or applied over the course of the 
procedure, hence its behavior. 

If HGS was to be measured over time, and plot a strength 
curve for the same period of the procedure, more valuable 
information could be obtained regarding how HGS really 
determines patients’ muscle strength, or perhaps, even go as 
far as being able to diagnose more efficiently frailty or 
sarcopenia by extracting determined features from it. 

This research is associated with an already ongoing project: 
PROJECTE PECT 2014-2020, del C.C. del Garraf 
“Envelliment actiu I saludable I dependéncia. Its main 
objective is to measure the HGS over a period of time, plot 
the data obtained from tests (which will follow the 

protocols mentioned previously), analyze the resulting 
curve, compare the results and, finally, extract features than 
can be used to continue this research in the future. 

2. State of the art 

Nowadays, testing HGS is a common assessment used by 
researchers and therapists alike for a variety of purposes. 
Results obtained from these tests have been used to verify if 
HGS can indeed work as a predictor of disability in older 
men [22], to identify differences between protocols [23], or 
if other parameters such as forearm position or BMI [15,12] 
can have an impact in HGS. 

One of the purposes for testing grip strength is to determine 
how much effort a participant makes when taking the test, 
and identifying if max effort is indeed being applied [6]. 
There are several studies that have examined the force-time 
curve produced by maximal and submaximal effort, and the 
validity of the slopes of these curves was examined as an 
indicative of sincerity of effort [17]. 

 

Figure 1. Typical force-time curve of maximal effort (A) and 
submaximal effort (B) 



The force-generation phase is illustrated in the dark grey 
area, and the force-decay phase is illustrated in the dotted 
area. Reference slopes are shown for the force-generation. 
Typically, the force-generation phase is more effective in 
detecting sincerity of effort for women, whereas the decay-
phase is more effective for men. 

Signals also had a use when observing the resting time and 
its effects on the tests [3].  

 

Figure 2. Components of the MFFM system. Grip to the left, 
LabVIEW to the right 

The figure 2 shows the instrument used for the individual 
finger force and total grip strength measurement as well as 
the graphical representation. 

3. Instrument 
The instrument used for the present study was a modified 
Deyard dynamometer, being the modified part the whole 
electronic circuit, which was replaced by one designed and 
made by the CETpD, the rest of the model, meaning the 
mechanical design, remained the same as the original. 

 

Figure. 3. Deyard dynamometer and the modification made 
(better appreciated in right picture) 

The circuit implemented into the model was the IMU 
(Inertial Measurement Unit) developed by the CETpD [20] 
for their long-term monitoring of Parkinson’s disease 
patients project. 

4. Calibration 
Calibration was necessary to set the accuracy of the 
modified version to an acceptable level. For this, weights 
that ranged from 5 to 40 Kg were used (which is more than 
the max force expected for the tested population), with an 
increasing rate of 5 Kg per trial. The dynamometer was 
held by two metallic bars, which were placed in the space 
between the handle and the screen, where no disruption 
should be presented for the test. A belt was tied to the base 
for the weights (extra 731.8 grams) and to the handle, as 
centered as possible, note that the belt is made of a non-
stretchable material, as to not influence the result of the 
calibration tests. 
It is important to address the fact that the weights used for 
these tests measure the weight they represent very 
accurately, as they are verified by their providers. 

 

 

Figure 4. Calibration process 

The results are as shown: 

 
Figure 5. 5Kg trial. Left: Voltage (V) Vs Time (s). Right: Force 

(Kg) Vs Time (s) 

 

Figure 6. 10Kg trial. Left: Voltage (V) Vs Time (s). Right: Force 
(Kg) Vs Time (s) 

The previous figures show the first two calibration tests, for 
5 and 10Kg. As it can be noted, the 10Kg varies slightly in 
shape with respect to the 5Kg one, this is due to each test 
using individual 5Kg weights, which were piled up one at a 
time, until the desired weight was achieved, therefore 
showing a new step for each test. 

Its calibration curve resulted as follows: 

 
Figure 7. Calibration curve Force (Kg) Vs Voltage (V) 

For which the slope equation for the curve is as shown: 

𝑦 = 28.426 ∗ 𝑥 − 34.07 

Considering the weight of the balance used for the 
calibration trials (731.8 g) it is then: 

𝑦 = 28.426 ∗ 𝑥 − (34.07 −  0.7318) 

Where y is the force total (Kg), and x represents the voltage 
(V) measured. 

5. Protocol 
Regarding the protocol and subject population to be used 
for the tests, a sitting stance will be taken on a chair, 
forearm placed on top of the leg in neutral position (as 
when doing a handshake, holding the dynamometer 



perpendicular to the leg), feet firm on the floor at shoulder-
width distance, shoulder adducted, neutrally rotated and 
using the dominant hand. Encouragement is also one aspect 
to keep into consideration, as it will be used as well. Tests 
will have a duration of 8 seconds each, and a rest interval of 
1 minute between tests, where max HGS will be taken for 
reference, and the Force-Time curve will be then analyzed. 

 
Figure 8. Protocol position example 

The test consists of 3 trials, which will follow the 
established protocol, and its goal is to analyze how the 
force over time curve behaves on frail elderly people, and if 
a specific characteristic can be identified to truly be able to 
detect whether a patient is prone to developing frailty in the 
future or not. 

6. Data acquisition and processing 
To be able to acquire a proper signal, it is necessary to 
make sure that the protocol is being followed thoroughly, 
by carefully explaining to the patients and observing that 
everything is as it should be. The time for the tests will be 
measured using a chronometer, as well as the resting time 
between tests. Once the tests are done, the data stored in the 
memory card inside the IMU will be inserted in the PC to 
run the Matlab script, which will acquire the signal, filter it, 
establish the desired range for treatment, and then segment 
the resulting signal in two: The Force-generation phase 
(FGP) and the Force-decay phase (FDP). These phases will 
be used to extract the different proposed features. 

 
Figure 9. Data analysis diagram 

7. Features 
Given the way the HGS signals typically behave, features 
such as frequency, slope, or max values can be used in 
different ways, thus selecting the following features: 

7.1 Age, BMI and gender 
The age of the subject has always been an important factor 
to keep into consideration when conducting tests related to 
HGS. In this case, age will be used to perform a correlation 
between itself and the rest of the extracted features from the 
signals.  

BMI is a parameter which has also shown a level of 
correlation to HGS [12], where a higher BMI will develop 
into a lower HGS value. Therefore, it is also essential to 
add this as a feature to consider. Gender, on the other hand, 
has shown higher HGS values for men in every study that 
was consulted and had a comparison for them. 

7.2 Slope 
The slope of the signal could be able to tell how well a 
subject can exert a great force in a short amount of time, as 
can be observed in tests such as the “explosive force test”, 
which consists, as its name implies, in an explosive hand 
grip right at the beginning. The steeper the slope, the more 
or the less the subject can be considered to exert force, 
depending on the phase of the signal. In the Force-
generation phase, a steeper slope could indicate a greater 
ability to exert a great force in a shorter amount of time, 
whereas in the Force-decay phase, this could indicate a 
difficulty in maintaining the force within the time frame of 
the test. 

  

Figure 10. Slope for both phases of the signal 

7.3 Max value 
The max value of the HGS is probably the most used 
parameter in every related study, as it can provide an idea 
of how much force a person is able to apply depending on 
the protocol followed. It has been widely used in different 
researches with many variations to protocols, instruments 
and population used for the tests with a diversity of aims, 
commonly being to identify frailty, sarcopenia, whether it 
can be used as a predictor for disability [22], or how these 
variations affect the results in comparison to others. 

7.4 Force range and standard deviation 
The range in which the force varies is another parameter 
that could indicate how well a subject is able to maintain 
the force at higher values, so does the standard deviation, 
though more accurately, given that a lower value means a 
tendency for the data to be closer to its mean value (which 
is also an extracted feature). 

7.5 Mean value 
An HGS mean value, just as a maximum one, could be used 
for reference for different purposes, given the fact that both 
are equally consistent [5]. Knowing this, mean value can be 
a valuable feature to have when conducting a study in 
which HGS signal behavior is being analyzed. In the tests 
conducted, mean value is obtained for each of the force 
phases. 

7.6 Kurtosis and skewness 
Kurtosis is a value which indicates a bigger concentration 
of data samples very close as well as very far away from 
the mean value of the distribution (peaks and tails), 
essentially, kurtosis specifies how high the peak value is in 
contrast to the lower values. When applying it to an HGS 
signal, a higher kurtosis value, may imply a higher 
explosive force in the test (higher, pointier peak), or higher 
capability to maintain the grip (more stable, flatter signal). 



 
Figure 11. Signal with high kurtosis value (3.76) vs low kurtosis 

value (1.11) 

7.7 Pearson correlation coefficient and signal 
area 

The Pearson correlation coefficient is a measure of the 
linear correlation between two variables. In the case of the 
HGS signal, the variables will be age and BMI, and they 
will be correlated with the different features extracted 
previously from the signals. The results should provide 
useful data to help identify if age and BMI are directly 
correlated to the other features. The area of the signal can 
simply be used to determine how much energy was spent 
by the subject when taking the test. 

7.8 Fast Fourier transform 

The fast Fourier transform was applied to each phase of the 
signal to get the frequency value for the second harmonic 
(excluding the first element). Once an HGS signal is 
analyzed, it can be noticed the frequency value is, usually, 
considerably higher in the Force-generation phase in 
contrast with the Force-decay phase: 

  

Figure 12. FFT for each phase in an HGS signal. 1.04Hz (left) 
and 0.08Hz (right) 

However, this applies only when the maximum HGS is 
reached early within the test. When this peak is reached at a 
later time in the test, it behaves as follows: 

  

Figure 13. FFT for each phase in HGS signal. 0.16Hz (left) and 
0.89Hz (right) 

This implies that a higher frequency value might be 
correlated to skewness, given that a high skewness value is 
what identifies this previous mentioned case. 

8. Tests 
In order properly test the dynamometer on the specified 
patients and have a better understanding of the signals that 
would be obtained from the dynamometer used, a few trial 
tests were made to obtain sample signals on a population 
whose ages ranged from 16 to 64 years. These signals were 
obtained using the following protocol: sitting stance on a 
chair without armrest, forearm in supination, feet firm on 

the floor at shoulder-width distance, shoulder adducted, 
neutrally rotated and using the dominant hand. Tests had a 
duration of 6 seconds each, and a rest interval of 15 seconds 
between tests. The results obtained were signals similar to: 

 

Figure 14. First trial tests for subjects 3 and 4 

The signals obtained from these tests show a common 
pattern regardless of the age, gender or dominant hand, in 
which a peak is reached at the first seconds (Force-
generation phase) followed by a steady decline (Force-
decay phase) [5,15]. 

Once the signal was obtained, it was then filtered to 
improve the noise-data ratio: 

 
Figure 15. Signal and filtered signal 

Then, given the fact that features such as slope can get 
affected by the initial and final “0” values of the whole 
signal, it was decided to limit it within a specific range, 
which was determined through trial and error. The range 
consists of every sample above a particular force value, 
which is the max value divided by 1.55. This assures that 
the selected signal range not only leaves out most of the 
“resting” values of 0, but include only the data when the 
force is being exerted. 

 
Figure 16. Filtered signal in desired range 

Once the range has been specified and segmented, it is then 
divided again, to show both, the Force-generation and 
Force-decay phases of the signal: 

 
Figure 17. Force-generation (up) and Force-decay (down) phases 

of the signal 

When the signal processing is done, the feature extraction is 
then the next step: 



 
Figure 18. Force-generation (left) and Force-decay (right) phases 

slopes 

In this case the both slopes are consistent with their 
respective phases, meaning that the signal segmentation and 
division has been successful and yielded acceptable results. 

A number of scalar features are also considered. These are 
stored in a table together with the features of the rest of the 
tests to allow for a better comparison and analysis: 

Table 1. Features extracted from all 3 tests of trial subjects 

 

Having completed the trials, the main tests were then 
conducted, following the protocol established originally, 
which can help show the differences that a protocol 
variation can cause, as well as provide the main data for 
correlation. 

The population for this second set of tests was within an 
age ranging from 24 to 63 years, using both men and 
women. The table obtained from these tests shows the 
following: 

Table 2. Features extracted from all 3 tests using main protocol 

 

After observing both tables, the feature that is most certain 
to show a difference based mainly on protocol variation is 
the max force exerted during the test. In the main test, the 
value is lower than the average for the specific age and 
gender [19]. This is caused due to the forearm position in 
both protocols. In the first one, a forearm in supination 
allows for a much greater force application [15] than the 
perpendicular position used in the second one. Still, the 
second position was selected to allow for a more 

comfortable test directed at the elderly population. The 
same applies to the mean values. 

Table 3. Features extracted from all 3 tests of elderly subjects 

 

For the elderly subjects, the same protocol as before was 
followed, and the results, as shown in table 6, indicate a 
considerably lower max and mean HGS values when 
compared to the previous tests. It is also important to 
indicate that the elderly tested belonged to a frailty level of 
5 in the Clinical Frailty Scale [11]. 

9. Data correlation and results 

It is important to address that for the correlation 3 different 
groups were differentiated. The first 2 are younger groups 
which consisted of male and female subjects whose ages 
ranged from 24 to 64 years, and the third one consisted 
strictly of the elderly subjects (75+ years of age).  

Correlation was calculated using a MATLAB script where 
all feature data was used. The following table shows the 
results between age and the other features: 

Table 4. Age correlation table Vs other features 

 

A positive correlation with maximum HGS was found in 
the younger groups (although minuscule in the male 
population), which was expected, since typically on these 
groups, an increase in age leads to an increase in overall 
max HGS. However, it is not the case for the elderly 
population, where the correlation was considerably high, it 
was not the expected result, since in this group, a higher 
age normally indicates a lower max HGS. The same can be 
applied for mean HGS correlation values. 

 

Figure 19. Age Vs Max HGS correlation 

The slopes for the FGP (Force-generation phase) showed a 
positive correlation on the younger groups, whereas in the 
elderly group a negative correlation was obtained. This 
implies that an older age may have an impact on the 
person’s ability to exert a strong grip and reach the 
maximum HGS faster. Following the same concept, the 
slopes for the FDP (Force-decay phase) showed a negative 
value for the male population, and low values in the female 
and elderly groups. FDP may be more related to the 
subject’s capacity to maintain a strong grip after reaching 

Gender Age BMI Max MeanFG MeanFD FGSlope FDSlope RangeFD FGfftAmp FGHz FDfftAmp FDHz SigKurtosis SigSkewness Area
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Test 1 1 M 16 19.87 51.7 40.619 48.179 0.8408 -1.06 10.888 92.3403 0.71 216.511 0.34 2.019763 0.9687263 12071
2 M 65 27.1 49.9 32.464 42.224 0.8196 -0.825 13.442 52.519 2.27 311.7605 0.39 1.254493 0.4304448 13930
3 F 22 18.37 19.3 14.437 17.125 0.6723 -1.133 4.5769 18.3537 1.47 100.2099 0.27 1.916007 0.9274728 4924
4 F 60 26.35 23.4 15.956 19.265 0.8038 -0.952 7.2307 10.9969 3.57 117.3088 0.39 1.478646 0.6084234 5297

Test 2 1 M 16 19.87 45 35.466 38.253 0.7881 -1.235 14.344 90.0808 1.11 98.17328 0.64 3.618853 1.5747585 8267
2 M 65 27.1 50.1 36.408 43.317 0.8398 -0.846 12.198 30.3766 2.5 417.5084 0.24 1.867085 0.8945321 10995
3 F 22 18.37 19 13.447 13.455 0.7422 -0.769 8.2819 10.6079 3.57 32.62925 0.89 1.632309 0.5976054 3936
4 F 60 26.35 19.3 12.137 16.012 0.8065 -0.801 5.3756 14.2076 2.08 149.4057 0.21 1.109762 0.1419647 5328

Test 3 1 M 16 19.87 46.3 35.869 40.297 0.8585 -0.126 11.391 37.7559 1.39 297.4833 0.53 1.716743 0.7904161 10218
2 M 65 27.1 48.2 33.92 40.792 0.8241 -0.812 15.385 20.896 3.57 454.2604 0.5 2.268859 1.0798554 10527
3 F 22 18.37 16.4 7.9171 10.773 0.7831 -0.707 8.4552 5.14386 8.33 22.37309 1.04 2.317234 1.0050374 3647
4 F 60 26.35 17.9 9.5871 12.973 0.7713 -0.956 6.4054 2.99377 12.5 29.20233 1.09 1.522863 0.6110977 4134

Subject

Gender Age BMI Max MeanFG MeanFD FGSlope FDSlope RangeFD FGfftAmp FGHz FDfftAmp FDHz SigKurtosis SigSkewness Area
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

5 M 24 23.72 37.2 28.267 34.509 0.7994 -0.667 6.6838 51.7181 0.93 287.0599 0.21 1.772778 0.8467905 10800
6 M 28 21.01 31.9 26.465 31.765 0.7006 -0.904 0.2509 104.549 0.19 12.61906 5 2.074053 0.9955757 9547
7 M 30 28.41 35.2 23.779 26.174 0.7016 -0.984 14.966 32.9141 1.19 73.17728 0.61 1.706479 0.7060304 8352
8 M 55 34.06 40.6 34.408 38.861 1.1479 -0.683 4.2477 90.4765 0.63 141.8325 0.22 1.376135 0.5826319 12911
9 M 63 24.68 31.6 22.236 29.128 0.8105 -1.041 3.6297 50.0823 1 84.33192 0.22 1.285177 0.4867984 8870
10 F 27 19.03 13.3 11.19 11.999 0.9535 -1.067 2.2385 49.1931 0.31 31.9089 0.54 1.949375 0.9443312 3532
11 F 39 19.96 31.7 21.626 28.491 0.7999 -0.624 6.0711 34.3452 1.47 243.2923 0.22 1.633137 0.7537989 8132
12 F 49 21.26 32.3 24.702 29.055 0.783 -1.022 10.617 25.2279 1.67 182.5084 0.22 1.449718 0.6191224 9055
13 F 58 22.72 20.4 17.348 19.986 1.2637 -0.559 0.6719 131.817 0.24 11.05041 3.29 3.850299 1.663372 5868
5 M 24 23.72 38.3 30.623 37.381 0.7174 -0.854 2.3196 234.305 0.21 30.30776 1.79 2.474516 1.1695024 10759
6 M 28 21.01 26.6 19.15 22.675 0.9075 -0.577 6.8964 21.9722 2.08 247.0721 0.2 2.01327 0.9580752 7068
7 M 30 28.41 42.2 25.624 30.44 0.7509 -0.945 18.441 27.5124 2.27 73.96224 1.09 2.221075 0.994289 9574
8 M 55 34.06 44.4 38.219 42.133 0.9323 -1.186 5.0902 115.676 0.5 128.2017 0.25 1.202255 0.4016534 13562
9 M 63 24.68 30.1 23.325 28.409 0.8149 -1.131 3.4838 40.0268 0.86 104.1021 0.21 1.419801 0.607441 9086
10 F 27 19.03 16.7 9.5199 13.745 0.8299 -1.105 5.4599 6.44194 5 51.28259 1.14 2.16298 1.0358537 4205
11 F 39 19.96 29.1 19.547 24.721 0.8362 -0.657 7.2367 16.1858 2.08 258.997 0.21 1.637403 0.7376989 7343
12 F 49 21.26 30.5 19.871 26.11 0.7961 -0.476 7.4734 20.9411 2.27 326.1272 0.2 1.65098 0.7604835 7513
13 F 58 22.72 21.8 14.249 20.208 0.7556 -1.208 2.9811 12.4161 2.27 63.63372 0.19 1.580687 0.73317 6071
5 M 24 23.72 38 30.275 33.691 0.7445 -1.044 10.92 132.481 0.73 64.49824 0.78 2.844146 1.3193478 11257
6 M 28 21.01 32.6 26.07 31.453 1.061 -0.783 2.7207 195.714 0.31 52.89 0.43 1.732707 0.8077013 9310
7 M 30 28.41 35.4 25.402 25.493 0.7957 -1.048 16.055 19.325 2.27 171.0668 0.48 2.772288 1.2386483 8440
8 M 55 34.06 41.6 35.643 39.698 1.0392 -0.945 4.0875 57.0229 0.89 178.7304 0.2 1.596829 0.7531204 13109
9 M 63 24.68 31.8 26.61 28.469 0.7738 -1.124 6.1039 47.7101 0.57 168.3393 0.25 1.396468 0.5750028 9420
10 F 27 19.03 17.8 12.825 13.584 0.7343 -0.984 6.6709 11.2439 2.78 50.58796 0.57 3.759699 1.593446 4319
11 F 39 19.96 28.4 18.887 24.238 0.865 -0.853 6.9549 18.1436 2.08 137.5466 0.37 1.766828 0.8198523 7069
12 F 49 21.26 32.5 27.242 29.242 0.7992 -0.925 8.7296 35.419 1.43 220.992 0.27 1.475636 0.63551 9091
13 F 58 22.72 23.4 19.341 22.065 0.9489 -0.832 3.3849 170.866 0.3 114.0159 0.33 1.652832 0.7560547 7275

Subject

Gender Age BMI Max MeanFG MeanFD FGSlope FDSlope RangeFD FGfftAmp FGHz FDfftAmp FDHz SigKurtosis SigSkewness Area
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

14 M 86 27.48 8.9 6.3022 7.1096 0.8214 -0.983 4.491 1.80312 16.7 1.82E+02 0.09 1.161935 0.1572585 2464
15 F 85 31.96 9.98 5.518 6.9253 0.7778 -0.941 4.6704 7.57428 2.5 27.26783 0.86 1.72479 0.62589 2367
16 F 90 27.06 9.27 4.5235 7.2342 0.8926 -0.795 3.4541 15.8036 1.04 21.04667 1 2.837761 1.2227019 1819
14 M 86 27.48 10.5 8.8204 10.136 1.7079 -0.949 0.6451 109.38 0.25 6.567809 1.14 1.183247 0.3217845 3032
15 F 85 31.96 5.74 4.763 4.0945 0.9177 -0.749 2.4563 4.62041 1.79 13.84417 0.69 1.953417 0.7871985 1518
16 F 90 27.06 10.6 7.3496 10.118 0.9302 -0.31 0.9782 20.4718 0.6 17.93088 0.85 2.142665 0.9940404 2524
14 M 86 27.48 9.69 6.6662 3.8757 0.8335 -0.597 7.1364 2.13832 8.33 4.469109 5 4.421077 1.3753705 1419
15 F 85 31.96 4.58 3.3265 3.3172 0.802 -1.043 2.357 1.26649 7.14 13.44149 1.12 1.516726 0.5359645 1135
16 F 90 27.06 11.2 7.7627 10.971 0.8845 -1.229 0.5944 48.2059 0.66 5.328184 2.5 2.533987 1.1639313 2584

Subject

Group Max MeanFG MeanFD FGSlope FDSlope RangeFD FGFftAmp FDFftAmp SigKurtosis SigSkewnessArea
Male 0.0121614 0.2065301 0.1908757 0.3500915 -0.476903 -0.338531 -0.285296 0.1053379 -0.770541 -0.802753 0.2837881

Female 0.401071 0.5159785 0.5315066 0.3118039 0.2605506 -0.160976 0.5416064 0.1515266 -0.165547 -0.211152 0.5663833
Elder 0.5681494 0.3094279 0.6625858 -0.044611 0.2004717 -0.402111 0.1739292 -0.16311 0.2883934 0.5680305 0.3248417

Age correlation Vs



the maximum HGS in the test, consequently, the male 
population showed a bigger difficulty in this aspect. 

 

Figure 20. Age Vs FG Slope correlation 

 

Figure 31. Age vs FD Slope correlation 

Respecting the range of the FDP, it may be an indicator of 
how difficult it was for the subject to attempt to maintain 
the force applied once a max HGS was achieved. A lower 
correlation indicates a lower overall range in this phase, 
thus a higher ability to maintain the grip force. All groups 
showed a negative result, especially the elderly group, 
suggesting that all groups, presented a noticeable ability to 
maintain grip force. 

 

Figure 42. Age Vs FD Range correlation 

The fast Fourier transforms amplitude correlations show a 
negative value for the for the elderly in the FDP and a 
positive one in the FGP, which could verify the formerly 
addressed thought that amplitude was negatively correlated 
to age in the elderly, at least in the FDP. However, the 
younger male group showed similar behavior as well, with 
positive correlations in the FDP and negative for the FGP, 
possibly meaning that amplitude is not strictly correlated to 
advanced age (elderly) as it was considered before. 

 

Figure 53. Age Vs FG FFT Amplitude 

 

Figure 64. Age Vs FD FFT Amplitude 

Kurtosis correlations showed fairly varying values between 
groups, with the male and female groups showing negatives 
(mostly on males) and on the elderly a positive value. This 
implies that, given how kurtosis is thought to behave on 
HGS signals, the male group is the most efficient when it 
comes to being able to maintain a strong grip after reaching 
a maximum HGS, and the elderly find it rather difficult to 
do so. 

 

Figure 75. Age Vs Kurtosis correlation 

When observing the skewness correlation results, the most 
noticeable are the elderly and young male group, with a 
high positive value and high negative value respectively. 
Considering the way in which skewness is thought to 
behave on HGS signals, this implies that younger men are 
able to reach a maximum HGS value much faster and easier 
than the elderly and younger female groups, whereas the 
elderly struggle to reach it considerably more. 

 

Figure 86. Age Vs Skewness correlation 

Signal are showed, overall, close values with its 
correlations; with the younger female group showing the 
highest correlation, followed by the elderly group. High 
correlations suggest that at higher ages the subject is able to 
apply more total energy in the test, which means that all 
groups seem able to exert more overall energy the older 
they get, although it was not an expected result for the 
elderly group. 

 

Figure 97. Age vs Area correlation 

A correlation table was also made between BMI and the 
same features: 

Table 5. BMI correlation table Vs other features 



 

Regarding max HGS correlations showed significantly high 
values for the younger men group and significantly high 
negative values for the elderly group. It was proposed that a 
higher BMI tends to decrease overall max HGS [12], 
however, it only holds true for the elderly group, whereas 
the female and male (substantially more) show higher max 
HGS for higher BMI. Just as the previous set of 
correlations, this also applies to mean HGS values. 

 

Figure 108. BMI Vs Max HGS correlation 

Slope correlations for the FGP show positive values for the 
younger groups and negative for the elderly group. This 
indicates that on the younger groups, a higher BMI results 
in an increased capability to reach a max HGS faster, as 
well as obtaining a higher max value. On the FDP, 
however, correlations are negative, or present a low value, 
which indicates a higher difficulty in maintaining a grip 
after reaching max HGS when the person has a higher BMI. 

 

Figure 2911. BMI Vs FG Slope correlation (left). BMI Vs FD 
Slope correlation (right) 

 Respecting the FDP range, correlations show low positive 
(male and elderly) and negative (female) values, which 
implies that subjects who have a higher BMI struggle more 
to maintain a grip after a maximum HGS than those who 
have lower values. 

 

Figure 120. BMI Vs FD Range correlation 

Kurtosis in this case showed negative correlations on all 
groups, mostly on the younger male group and the elderly 
group, and almost no correlation at all with the younger 
female group, thus implying that a higher BMI on male and 
elderly population will show a better capability to maintain 

a grip strength after the maximum HGS values has been 
reached. 

 

Figure 131. BMI Vs Kurtosis correlation 

Skewness correlations show negative values for all groups; 
however, it is mostly so on the younger male group and the 
elderly group, meaning that given a higher BMI the easier it 
will be for these two groups to reach a max HGS value 
when compared to the female group. 

 

Figure 142. BMI Vs Skewness correlation 

The area of the signal shows considerable positive values 
on both younger groups, and a similar, negative value on 
the elderly group. Hence indicating that in the younger 
groups, a higher BMI will show an increase in overall 
energy exerted in the HGS test, while on the elderly group 
this will tend to be the opposite, and decrease. 

 

Figure 153. BMI Vs Area correlation 

11. Conclusions 

The protocol design proposed was successfully 
implemented during the different tests conducted in the 
population, and the modified Deyard dynamometer was 
calibrated effectively and yielded satisfactory results for 
these tests and the resulting force over time signals were 
similar to what was expected after consulting past studies 
that used them as well 

Age in the younger population was most correlated with 
mean HGS (females), kurtosis (negatively, especially on 
men), skewness (negatively, especially on men) and area of 
the signal (females), and in the elderly group it proved to be 
the most correlated with max HGS, mean HGS and 
kurtosis. This implies that for the younger population 
selected, a higher age will tend to result in higher mean 
HGS values, better ability to keep a steady grip, a 

Group Max MeanFG MeanFD FGSlope FDSlope RangeFD SigKurtosis SigSkewnessArea
Male 0.762446 0.6989018 0.5609348 0.4514256 -0.260942 0.2100669 -0.327461 -0.392898 0.6855543

Female 0.2525295 0.3928236 0.3926539 0.3647661 0.1820441 -0.276102 -0.07688 -0.115661 0.4376932
Elder -0.725504 -0.662363 -0.623653 -0.28442 -0.193782 0.1001317 -0.325414 -0.303923 -0.491911

BMI correlation Vs



noticeable facility to reach the peak force and a general 
bigger amount of energy applied in the test. The elderly, 
however, will find it much more difficult to keep a steady 
grip, and contrary to what was expected, a higher age also 
resulted in higher max HGS. 

The correlations for BMI in the younger group showed the 
highest values with max HGS (males), mean HGS (males), 
and area of the signal, and the elderly group was correlated 
with the same features, however, with negative values. This 
indicates, opposed to what was expected, that in the 
younger group a higher BMI will tend to show higher max 
and mean HGS values, as well as higher overall energy. In 
the elderly group though, the results obtained were closer to 
the expectation, where they show weaker max HGS and 
mean HGS for higher BMI values, in addition to less 
overall energy applied during the tests. 

These results may have been dramatically improved, had 
the population for the tests been much bigger, especially on 
the elderly group. The main recommendation for future 
studies is that a considerably bigger population is taken for 
the tests, as a low amount may have a negative influence on 
the results, as it may have been the case in this research. 
Also, the use of mostly, if not totally, elderly subjects, is 
strongly suggested. 
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