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Abstract

Handgrip strength reflects the strength of the upper limbs and
is used as an indicator of health and functionality. COVID-19 caus-
es great loss of strength and functionality in hospitalized patients.
This study focuses on Occupational Therapy intervention to achieve
gains in hand grip strength, in post-COVID-19 individuals, who have
been in an inpatient situation. The goal of the study is to show that
both types of intervention (conventional Occupational Therapy or us-
ing the Biometrics E-link® G200 dynamometer with game interface)
reveal gains in hand grip strength in post-COVID-19 individuals and
counts with two participants, randomly inserted into the intervention
types. The Disabilities of the Arm, Shoulder (DASH) was used to
assess the functionality of the upper limb. The Dynamometer G200
of the Biometrics E-Link® as used to assess the hand grip strength
with the American Society of Hand Therapists Evaluation Protocol.
Witch participant receives one type of intervention, one using the
G200 Dynamometer gaming interface and the other through a con-
ventional Occupational Therapy rehabilitation program. The results
allowed us to realize the gains that the OT intervention can have with
post-COVID-19 individuals. Thus, we believe that this study can be a
first step towards something to be developed in the future.
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Introduction
COVID-19

COVID-19 is a disease that spread worldwide at the end of 2019.
In March 2020, the World Health Organization reported that we were
going through a pandemic because SARS-CoV-2 spread in more than
185 countries, becoming highly contagious [1,2]. The highest trans-
mission rate of SARS-CoV-2 occurs in the first three days of incuba-
tion of the virus, but may vary between 2 and 14 days, until symptom
are manifestation. The most common symptoms are dry cough, fever,
and shortness of breath. The less common symptoms are runny nose,
headaches and muscle pains, tiredness, and sore throat. In the most se-
vere cases of COVID-19, individuals may have renal and other organ
failure, pneumonia, and acute respiratory failure [3].

COVID-19 may be asymptomatic or symptomatic. Being symp-
tomatic, the clinical picture can be classified as mild, severe, or criti-
cal. Regardless of age, any individual may have a critical clinical con-
dition [1]. The main change in individuals who have been diagnosed
with a severe clinical case of COVID-19 is the onset and development
of pulmonary fibrosis. In addition, they may also present lesions at the
myocardial level, cognitive decline, such as memory changes, atten-
tion, and loss of speed of information processing associated with it.
Other sequelae are fatigue and decreased muscle strength [4,5].

This study aims to verify if different interventions, such as a con-
ventional approach in Occupational Therapy, or a game interface with
the use of Biometrics E-link® Dynamometer D200, have results, in
post-COVID-19 patients.

Hand grip strength

According to studies conducted, hand grip strength is higher in
men than in women, and in dominant hand. It progressively increases
until the third decade of life and decreases after, as age advances [6,7].
It is a measure of muscle strength, which can be used as a screen-
ing in the measurement of hand and forearm strength, and as a mean
of assessing the physical conditions of the upper limb [8]. The hand
grip strength reflects the isometric strength of the upper limbs and
is related to other muscle groups, so it is regularly used as an indi-
cator of general health. Is known that the commitment of hand grip
strength causes incapacity to perform daily activities [9,10]. Hand
grip strength is directly related to quality of life since it makes indi-
viduals more physically independent. Therefore, if this force is not
affected, the person has a functional capacity to perform his Activities
of Daily Living autonomously and the occurrence of changes at the
social and psychological level is also prevented [11].

Occupational Therapy in hand grip strength

The main objective of Occupational Therapy is to restore or
compensate for lost functions, to prevent the future development of
functional complications, and to improve or maintain occupational
performance and performance skills, according to the health status of
the person, thus promoting autonomy and involvement in occupations
throughout the lives of individuals [12].
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The Occupational Therapy process consists of assessment, inter-
vention and its results followed by a reassessment. It is this process
that will define how professionals work with their patients, and there
needs to be constant cooperation with the therapist [12].

Users hospitalized in the Intensive Care Unit are subject to a
constant immobilization, due to their state of health or because of
it, which leads to the need to act early, so that the person does not
completely lose the functionality of the limbs. Therefore, therapists
have the role of increasing the quality of life of each of these peo-
ple, through the establishment of intervention plans for the increase
and maintenance of muscle strength. This intervention may include
increased muscle strength through mobilizations, Activities of Daily
Life training, follow-up, and family training, as well as prescription
and training of the use of assistive technology products. This inter-
vention should be performed during hospitalization because rehabili-
tation in this period is crucial to prevent complications in the quality
of life of these people [13].

In outpatient intervention, it will be necessary to carry out a new
evaluation, to build an appropriate rehabilitation plan, focusing on oc-
cupation and functionality. Since one of the most persistent symptoms
of COVID-19 is fatigue, it is important for the user, the implementa-
tion of energy conservation techniques in the performance of their
daily activities, the adaptation of the environment and the adequacy of
posture during the performance of the activities. Thus, to avoid a high
energy expenditure, a routine should be structured, considering all
the factors that can lead to this energy expenditure during the perfor-
mance of the activities [13]. In addition to fatigue, COVID-19 affects
muscle strength, not only as a sequel due to virus infection, but also
due to the long period of hospitalization and inactivity. This strength
can be increased using significant activities using various therapeutic
materials [13]. Technology has also been offering greater possibili-
ties in all areas, including health and gains in strength, and therapists
promote the introduction of the most relevant technologies for the
intervention of each person, in order to provide more independence
and autonomy [14].

Methods and Materials

An exploratory cross-sectional study of double cases was conduct-
ed, in which the participants were people in post-COVID-19. The in-
clusion criteria, considered, were aged between 20 and 55 years, who
have been hospitalized in Intensive Care Unit or COVID ward and
residents in Portugal. Pregnant women or individuals with previously
neurological and/or musculoskeletal disorders, which directly affect-
ed the upper limb, diagnosed, would be excluded from the study.

The research was announced in the social media and the sample
was obtained from the outpatient of a local Hospital. The characteri-
zation was made through a questionnaire collecting age, gender, clin-
ical condition, and hospitalization situation.

To assess strength was used the Dynamometer G200 do Biomet-
rics E-link® that measures strength from 0.1 kg up to 90 kg and can
be applied in people with acute hand injuries or debilitating chronic
diseases. In this study, it was used for the hand grip strength test, per-
forming 3 attempts in each hand, and the software will issue a table
with these three results and the average of them [15]. The American
Society of Hand Therapy Protocol was used [16]. The DASH ques-
tionnaire was used to assess the functionality of the upper limbs. It
is a self-assessment instrument with a measurement window of the
last week, so each activity should be evaluated based on what the
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individual performed in the last week before its application [17]. This
study is approved by the Ethics Committee of the Polytechnic of Lei-
ria, with the number CE/IPLEIRIA/01/2022.

In the first contact with the participant’s, informed consent was
presented, with all the information about the study, and all the doubts
were clarified. All data collected throughout the study were used ex-
clusively for research purposes. During data collection, an alphanu-
meric encoding was used, so the identity of each participant remained
confidential. The characterization questionnaire was completed fol-
lowed by the application of the DASH questionnaire and finally, the
hand grip strength was evaluated using the dynamometer.

Cases
Participant 01

History of the patient: Right-handed male with 34 years old. Lives
with his wife and two children. Was a Marine in the Navy for 8
years and is currently an electronics technician. He has always been
healthy, performs physical exercise frequently and was diagnosed
with COVID-19 in August 2021, being hospitalized for 10 days in a
COVID ward. He never received any kind of rehabilitation interven-
tion during the hospitalization.

Participant 02

History of the patient: Female, right-handed with 33 years old.
Lives with his partner and daughter. She is, at the moment, an opera-
tor at a supply pump. She has always been a healthy person, with no
diagnosed pathologies. Six years ago, she was diagnosed with bilater-
al pneumonia, was in a coma for 28 days, recovered without any di-
agnosed injuries. In January 2022 she was infected by SARS-CoV-2,
and was hospitalized for 20 days, 11 of them in an induced coma.
During this time, she received rehabilitation treatments in Physiother-
apy and the same happened after discharge from an outpatient clinic,
in addition to Physiotherapy was also indicated for speech therapy
treatments.

Intervention

The interventions were performed at the Assistive Technology and
Occupational Performance Laboratory of the Polytechnic Institute of
Leiria. The participants in the study were submitted to 15 sessions of
intervention, in one case 3 times a week in the other 2 times a week,
with a minimum duration of 40 minutes, individually. Before and af-
ter these sessions the assessment protocol was implemented. The last
session was the same as the initial session, and the initial question-
naire was not applied again.

Intervention with Participant 01 consisted in 15 sessions of differ-
ent strength gain exercises and conventional rehabilitation materials
were used. There was a focus on a muscle strengthening program,
some of the materials used in the interventions were elastic band, fin-
ger exercisers, rubber resistance network, springs, silicone, and oth-
ers. The times in the performance of each exercise were timed and
increased with the course of the intervention and the capacity of the
participant.

Intervention with Participant 02 consisted in 15 sessions using the
games available in the Biometrics E-link® software. The program
was also muscle strengthening, using the dynamometer and the pinch-
meter. The performance times of each exercise were timed directly
by the software and there was the possibility of increasing strength
intervals in each game, so these were increased by the during the in-
terventions.
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Results
Participant 01

The results of the initial and final evaluation of Participant 01 re-
garding the DASH questionnaire are presented in table 1.

Responses t0 A N o N Figure 1: Hand Grip Strength Assessment -Participant 01.

Unable 1 0
Very difficult 3 0
Some Difficulty 6 1
Little Difficulty 10 9
No Difficulty 10 20

Total 30 30 Figure 2: Hand Grip Strength Reassessment -Participant 01.

Table 1: DASH assessment and reassessment results - Participant 01.

The results of the initial and final assessment of Participant 01
regarding the DASH questionnaire - Optional Module Work, are in
table 2.

Responses to Assessment Reassessment

Unable 0 0
Very difficult 1 0
Some Difficulty 3 3
Little Difficulty 0 1
No Difficulty 0 0
Total 4 4

Table 2: DASH assessment and reassessment results, regarding the

Work-related Module - Participant O1.

Participant 01, in the initial assessment, although minimally func-
tional, at the level of the upper limbs, reports not presenting diffi-
culties only in 10 items of the DASH questionnaire. After the 15
intervention sessions, of conventional Occupational Therapy inter-
ventions, identified no difficulties in 20 of the 30 items, doubling the
number of activities in which it does not identify difficulties.

In the optional work module of the DASH, the participant answer,
“Very Difficult” only in one item, and “Some Difficulty” in 3 items.
In the reassessment he does not identify items in which it has “Very
Difficult” and identifies 3 in which it has “Some difficulty” and 1
in which it has “Little Difficulty”. So, he identifies 4 items in both
assessments but decreases the level of difficulty he felts during the
realization of the correspondent activities.

In relation to the hand grip strength assessment, it was assessed
with the dynamometer of the Biometrics E-Link® that automatically
register the result of witch one of the trials, calculate the average and
the percentage of Coefficient of Variation. The position of the handle
of the dynamometer is the Position 2, as recommended by the Amer-
ican Society of Hand Therapy. The results obtained are presented in
figurel.

After the 15 intervention sessions, the hand grip strength was
measured again, following the same protocol as the initial assessment
(Figure 2). There were significant improvements in the medium of the
hand grip strength with an increase of almost 20 kilograms on the left
hand and 23 kilograms on the right hand.
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Participant 02

The results of the initial and final assessment of Participant 02
regarding the DASH can be viewed in table 3 to perceive the func-
tionality of the upper limbs. The optional module of the work was
not applied to this participant, since she is on sick leave. Examining
the table, its understood that Participant 02 had as the most frequent
response “Some Difficulty”, with 13 items selected in the assessment
and 12 in the reassessment. Less frequent was the classification “Un-
able”, with 1 selected item in the assessment and none in the reassess-
ment. There were 8 responses with “No Difficulty” in the assessment
having reduced to 6 responses in the reassessment.

Responses to A t R t

Unable 1 0

Very difficult 4 2

Some Difficulty 13 12
Little Difficulty 4 6
No Difficulty 8 10

Total 30 30

Table 3: DASH assessment and reassessment results - Participant 02.

Regarding the hand grip strength, the procedures were the same as
Participant 01 and the results obtained are presented in figures 3 and
4. There were significant improvements in the medium of the hand
grip strength with an increase of approximately 9 kilograms on the
left and on the right hand.

Figure 3: Hand Grip Strength Assessment -Participant 02.

Figure 4: Hand Grip Strength Reassessment -Participant 02.
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Discussion

After 30 days of COVID-19 infection and discharged from the
hospital, sequelae such as shortness of breath, cough, fatigue, mus-
cle weakness and limitations in daily activities may appear, which
will affect occupational performance throughout the day. According
to a study conducted by Thomas et al., most individuals with post-
COVID-19 sequelae are on sick leave, thus bringing them feelings
of impotence and affecting economic components and psychological
health, resulting in a rupture of their habits and routines. According
to this same study, consisting of 30 post-COVID-19 participants hos-
pitalized, most of the symptoms listed were neuropathy, followed by
muscle weakness and, finally, the difficulties in performing activities
of daily living. Those who found themselves hospitalized longer, pre-
sented more sequelae and some were even dependent on the help of
another person or totally dependent on the performance of daily activ-
ities [18].

Users who are hospitalized in the Intensive Care Unit should re-
ceive constant rehabilitation, so there is a better evolution of their con-
dition. The cares performed by occupational therapists are: change of
positioning, to prevent the appearance of pressure ulcers and facilitate
breathing; performance of occupations and training of Activities of
Daily Living, to avoid a great loss of functionality; realization of mo-
bilizations, in order to prevent the loss of range of motion and in the
realization of adaptations and graduation of activities, using energy
conservation techniques, due to the interference that COVID-19 has
at the respiratory and muscular level. After this intervention within
hospitalization, recovery becomes easier and faster, the hospitaliza-
tion time is reduced, and the person obtains greater independence,
well-being, and quality of life after hospitalization. Therefore, the fact
that post-COVID-19 people who are hospitalized have received or not
rehabilitation, will influence the hand grip strength and the speed of
recovery [19].

In the present study, there are no significant differences in the
ages of the participants, however one is female and the other male.
According to previous studies, individuals of opposite genders have
significant differences in hand grip strength, and the female gender
has lower values than males [20].

According to the study implemented by Thomas et al., regarding
changes in the upper limbs, the majority presented as the most af-
fected limb, after COVID-19, the right upper limb or both members.
There were only 13.3% of the participants with the left upper limb
affected and 23.3% without any affected members. In addition, partic-
ipants with changes in the upper limbs are more dependent on Activ-
ities of Daily Living [18].

In a study conducted with the Spanish population, it was possible
to verify that men, in the 30-39 years old, have as average of hand
grip strength of 50.9 kilograms in the dominant hand, and 41.2 in the
non-dominant hand. The women have on average 28.2 kilograms in
the dominant hand and 23.5 kilograms of hand grip strength in the
non-dominant hand. Since there are no studies conducted on the nor-
mative values of the hand grip strength in the Portuguese population,
this study considers the values of the Spanish population, since it is
the most similar culturally and genetically [20].

After analysing the results of this study, it was noticed that both
cases obtained significant improvements, since Participant 01 in-
creased 22.8 kilograms of strength in the right hand (47.3-24.5) and
19.3 kilograms in the left hand (47.1-27.8). Participant 02 increased
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8.7 kilograms of strength in the right hand (25.2-16.5) and 9.3 kilo-
grams in the left hand (23.5-14.2). Both cases get closer to the norma-
tive mean values of hand grip strength of the Spanish population. The
increase in hand grip strength may have been influenced by external
variables that we did not control. Also, their intrinsic motivation and
resistance to exertion could influence the results. Comparing the data
to the study conducted by Thomas et al., both participants, 01 and 02,
had an initial hand grip strength higher than the mean of the study, and
the most affected limb was also the right upper limb [18].

Regarding the completion of DASH, in relation to Participant 01,
the results after the 15 sessions have significative differences, with an
increase in the functionality of the upper limbs. Participant 02, only
filled the DASH of 30 items, obtaining an initial score of 35 points
and in the reassessment a score of 30 points, there were improvements
in the functionality of the upper limbs, although not significant.

Conclusion

We were able to verify that both types of intervention in Occu-
pational Therapy obtained results. We recommend the Occupation-
al therapy interventions in patients post COVID-19 with decreasing
hand grip strength. We also recommend that studies be conducted
with a larger number of participants to verify which of the two ap-
proaches has the best results. We suggest that these be made only in
one of the genres and with more restricted inclusion criteria to make
more conclusive statements in relation to the results.
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