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Abstract

There is growing interest in the automated measurement of physical fitness tests, such as the Arm Curl Test, to enable
more objective and accurate assessments. This review aimed to systematically analyze the types of sensors and techno-
logical methods used for automated Arm Curl Test measurement and their benefits for different populations. The search
consisted of the search related to the possibilities to measure the Arm Curl Test results with sensors in scientific databases,
including PubMed Central, IEEE Explore, Elsevier, Springer, MDPI, ACM, and PMC, published from January 2010 to October
2022.The analysis included 30 studies from 15 nations with diverse populations analyzed. According to data extraction,
the most prevalent sensors were chronometers, accelerometers, stadiometers, and dynamometers. In the investigations,
statistical analysis predominated. The study shows how automated sensor technologies can objectively measure the Arm
Curl Test. The detected sensors combined with statistical analysis techniques can enhance assessments. Applications for
the Arm Curl Test may be improved even more with more research on cutting-edge sensors and algorithms. This evalu-
ation offers insightful information about utilizing sensor-based automation to enhance Arm Curl Testing.

Keywords Arm Curl Test - loT - Systematic review - Mobile devices - Telemedicine - Sensors

1 Introduction

The Arm Curl Test is a test for determining upper body strength and stamina [1, 2]. The Arm Curl Test is a quick test
for measuring upper body strength and endurance that offers essential information about a person’s physical fitness
and health level [3, 4]. The test subject is seated in a chair and is holding a dumbbell in their dominant hand. The
exercise begins with the arm fully extended, flexing the elbow to curl the weight up towards the shoulder, and then
slowly and deliberately lowering it back down, consisting of one iteration [5]. The participant usually does as many
repetitions as possible in 30 s while maintaining good technique and control [6]. The total number of completed
repetitions determines the score [7, 8], where a higher number of curls suggests stronger and more resilient upper
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body muscles. The arm curl test, when administered properly, offers reliable and valid measurements of upper body
strength, especially in older adults. Its psychometric properties and clinical validation make it a useful tool in both
fitness and clinical settings.

People frequently utilize the arm curl test to evaluate physical fitness and monitor improvements over time [8]. It offers
a functional measure of strength endurance corresponding to a person’s capacity to carry out daily chores demanding
strong arms and grips [9]. The test can be readily used in various contexts, including senior centers, gyms, clinics, and
research projects, as it requires few equipment and is straightforward to conduct [10]. More accurate quantification of
variables like curl frequency, velocity, and range of motion is made possible by automated measurement employing
sensors [11-14], providing more insightful information. The Arm Curl Test is a helpful screening tool for assessing upper
body function and tracking progress during exercise or rehabilitation, where, utilizing sensor technology, it is possible
to improve assessment and enable remote management [15-17].

From the psychometric properties point of view, there are several aspects to be considered [18]. If an individual takes
the test multiple times under the same conditions, their scores are usually fairly consistent, which is denoted as test-retest
reliability [18]. The arm curl test generally shows good test-retest reliability when protocols are followed consistently [18].
Similarly, from an inter-rater reliability point of view, the scores are consistent when different testers are administering the
test, which assumes proper training of testers [18]. From a validity point of view, the arm curl test is considered to have
good construct validity for upper body strength, especially in older adults. Similarly, clinical validation involves studying
how the arm curl test relates to real-world outcomes, like the ability of older adults to perform daily tasks.

This paper provides a systematic review of the studies using sensors to evaluate the Arm Curl Test across various demo-
graphics and settings. This would help in a consistent measurement of the test values and establishing a gold standard
that would help in the clinical validation of how different people who have different test values perform in daily tasks.
Recent studies have looked at integrating sensors to enable automated and more accurate measurement because manual
administration of this test can be time-consuming and prone to human mistakes. A thorough literature search utilized
the most reputable scientific sources to discover studies that used sensors to assess Arm Curl Test parameters. Thirty
pertinent papers published from January 2010 to October 2022 were selected for inclusion after a stringent screening
process. Data extraction was conducted to compile details on the sensors used, data processing techniques, medical
partnerships, publication schedules, geographic locations, study populations, and health problems. The findings show
that it is possible to acquire accurate Arm Curl Test readings utilizing a variety of sensors, including chronometers, accel-
erometers, and dynamometers, which can be analyzed with statistical and machine learning techniques. Automated
evaluation can improve assessment across various age groups, illnesses, and research contexts.

2 Methodology

This systematic review is based on the “Preferred Reporting Items for Systematic Reviews and Meta-Analyses” (PRISMA)
methodological framework [19]. To discover and collect relevant papers, it used precise inclusion and exclusion criteria
as well as well-defined search terms. The results are then filtered by removing duplicates, additional unconnected or
incomplete articles, and papers that have been thoroughly screened. Then, a qualitative examination of hand-selected,
top-notch publications is performed [20]. As a result, this study evaluates the most recent advancements in the literature
about using wearable or mobile devices to administer the required test. The literature databases may be searched more
efficiently using an artificial natural language processing (NLP) toolset [21]. The PRISMA flow is automated in other stud-
ies using a similar technology [22, 23].

2.1 Research questions
This systematic review was based on the following questions: (RQ1): What types of sensors can be employed to track
and measure different approaches to the Arm Curl Test? (RQ2): Which technological methods can be integrated with the

sensor data to measure the Arm Curl Test effectively? (RQ3): What are the benefits of automated measuring of the Arm
Curl Test for different populations or conditions?
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2.2 Inclusion criteria

For this study, several inclusion criteria were used, including (1) studies that measure the parameters of the Arm Curl Test
with sensors; (2) studies that present various implementations of the Arm Curl Test; (3) studies that present the purpose
clearly; (4) studies that clearly define the population; (5) studies that show the results; (6) studies presenting original
research; (7) studies written in English.

2.3 Exclusion criteria

Also of the inclusion criteria, the articles are also excluded based on the following exclusion criteria: (1) studies that not
used sensors or technological equipments for data acquisition; (2) studies that not detail the characteristics of the popu-
lation; (3) studies that not define or use technological methods for the analysis of the data acquired; (4) studies that are
surveys or literature reviews; (5) studies that are study protocols or interviews; (6) studies not related to the healthcare
subject with technological equipments.

2.4 Search strategy

The research strategy followed a PRISMA methodology to identify and process the literature on Arm Curl Test published
from January 2010 to October 2022. Through the NLP toolkit, the following electronic databases were explored auto-
matically for articles selection: PubMed Central, IEEE Explore, Elsevier, Springer, MDPI, ACM, and PMC. The studies were
analyzed to identify the various methods for automated measuring Arm Curl Test results. The research was performed
on November 02, 2022.

The NLP framework input parameters are a collection of keywords used to identify potentially relevant articles and a
set of properties that should be satisfied by the identified articles. The following research keywords were used:“arm curl
test with wearables’, OR“arm curl test with mobile devices’, OR and “arm curl test”. The program automatically eliminated
all duplicates based on the DOI numbers. Additionally, the relevant papers were identified based on the keyword search
and the inclusion criteria. For more detailed information about the features of the NLP toolkit, we refer the reader to the
study by Zdravevski et al. [21].

Every identified study was independently evaluated by the authors, determining their suitability with the eligible
criteria of the search. It is multidisciplinary research that includes researchers from healthcare, electrical enginnering, and
computer sciences areas. Two authors are computer science students (T.M. and D.V.) that pefomed the analysis and data
extraction related to the different studies found by the NLP framwork searched, performed by a researcher from North
Macedonia (E.Z.). Additionally, the 2 students collaborated in the filtering of the non-related results. The work is validated
and supervised by researchers from healthcare (C.A.), electrical engineering (PJ.C.), and computer science (.M.P.) areas.
The researcher from electrical engineering performed the validationg of the use sensor related to the use of Arm Curl
Test. The computer science researcher performed the data validation in data analysis methods and results extracted by
the different studies. The medical researcher performed the validation of the whole research and attested its usefulness
and applicability in real applications. All the authors contributed to the manuscript elaboration.

2.5 Extraction of study characteristics
Several parameters were extracted from the various studies. The extracted properties from the different studies include

the year of publication, location, the population of the study, purpose, methods used, sensors and equipment’s used to
collect the data, and the diseases associated with each study.

3 Results
Figure 1 shows the selection process, where it is identified 6240 records from the selected sources. Next, 1008 records

were automatically discarded as duplicate records between databases. The NLP-framework used also excluded 82 papers
as ineligible. To finalize the first selection, 4936 papers were excluded by title and abstract analysis. After analyzing each
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Fig. 1 Flow diagram of the
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research article’s title and abstract, the remaining 214 papers were manually analyzed, excluding 184 records that are
not related to Arm Curl Test. Finally, the remaining 30 research articles were examined and included in the qualitative
and quantitative syntheses.

The selected studies were examined to extract the relevant data. The query performed in this study retrieved papers
published between January 2010 and October 2022. As reported in Table 1, five studies (16%) were published in 2022,
eight studies (26%) in 2021, six studies (20%) in 2020, one study (3%) in 2019, two studies (6%) in 2018, three studies (10%)
in 2017, one study (3%) in 2016, one study (3%) in 2015, one study (3%) in 2011, and one study (3%) in 2010. Regarding
the location of the different studies, fourth studies (13%) were performed in the USA, three studies (10%) in Chile, one
study (3%) in China, three studies (10%) in Australia, one study (3%) in Thailand, two studies (6%) in Korea, one studies
(3%) in Turkey, one studies (3%) in Switzerland, two studies (6%) in Austria, two studies (6%) in Italy, one studies (3%) in
Canada, one studies (3%) in Iran, one studies (3%) in Denmark, two studies (6%) in Spain, one studies (3%) in Finland,
one studies (3%) in Poland, one studies (3%) in Taiwan, one studies (3%) in Brazil.

The diseases can be grouped into different categories, as presented in Table 2. The different studies can be grouped
into Neurological and Cognitive Disorders (Sect. 3.1), Chronic Conditions and Cancers (Sect. 3.2), and diseases not defined
(Sect. 3.3).

3.1 Neurological and cognitive disorders

In [29], the authors aimed to assess the feasibility and efficacy of couple-based interventions in improving the lifestyle
behaviors of cancer survivors and their spouses. The study involved 69 individuals, where 37 men and 32 women, aged
76.0+0.8 years, that used EEG sensors, chronometers, pedometers, accelerometers, and stadiometers. Data analysis
methods included paired t-tests or Wilcoxon signed-rank tests. The study evaluated breast, prostate, and colorectal
cancers and parameters such as physical activity, performance, weight status, body composition, and dietary intake.
Results showed improved health behaviors and outcomes for cancer survivors and their partners in both couple-based
and survivor-only intervention groups. The results reported 14.7 £ 0.5 repetitions for each 30 s.

A randomized control trial in Poland involved 31 community-dwelling older adults aged 68-85 who used manual
wheelchairs as their primary mobility. The authors of [34] used sensors and equipment to evaluate various parameters,
including a hand dynamometer, goniometer, box and block test, and peak flow meter. Medical collaboration was likely
involved, as the study was conducted under the auspices of The International Association of Gerontology and Geriatrics.
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Table 2 Diseases categories

Neurological and cognitive disorders Chronic conditions and cancers
Parkinson’s disease Pulmonary disease
Dementia Chronic disease
Mild cognitive impairment Cardiovascular disease
Alzheimer’s disease Breast Cancer
Spinal cord injury Fibromyalgia

Osteopenia

Vascular diseases

Diabetes

Osteoporosis

Degenerative rheumatic problems
Prostate Cancer

Colorectal Cancer

Psychiatric disorder

Systemic diseases

Musculoskeletal diseases
Hypertension

Metabolic syndrome

Data analysis methods included descriptive statistics, chi-square test, one-way ANOVA, and Bonferroni post hoc pro-
cedures. The study found significant improvements in hand grip strength, manual dexterity, upper limb fitness, and
overall functional performance among participants who underwent physical exercises with dance movement therapy.
The individuals performed the arm curl test until exhausted, where the results reported 17.07 £3.67 s in pre-train, and
18.28 £3.74 s in post-train experiments.

In [44], the authors aimed to evaluate the effects of exercise and nutrition education programs on 23 older adults aged
83.5+4.9 years old. The population included those with changes in exercise function and eating habits. Sensors like a
chronometer were used to measure motor function and eating habits. Additional sensor-based assessments may have
been employed, but information is not provided. Data analysis was performed using IBM SPSS Statistics software. The
study primarily evaluated the effects of exercise and nutrition education programs on mild dementia patients, focusing
on improvements in upper limb muscle strength, flexibility, endurance, and nutrition condition. The results showed
significant positive changes after the program’s implementation, reporting an evolution from 12.35+7.89 repetitions in
the pre-train, and 14.05 +6.80 repetitions in the post-train.

In [45], a study on 60 participants (11 males and 49 females) was comducted. The participants was distributed from
two groups: Ground kayak paddling group, and Control group. The Ground kayak paddling group is composed by 6 males
and 24 females aged 74.90+ 5.10 years old. The Control group is composed by 5 males and 25 females aged 74.23+4.38
years old. The study used a chronometer as the primary equipment. The study employed data analysis methods, includ-
ing ANOVA tests, to assess the effects of treatment capsules on performance measures. The study focused to determine
whether ground kayak paddling exercise can improve postural balance, muscle performance, and cognitive function in
older adults with mild cognitive impairment. The results in the pre-train revealed 18.13 + 3.86 repetitions for Ground kayak
paddling group, and 19.83 £4.49 repetitions for the control group during 30 s. Finally, the results in the post-train revealed
23.70£6.14 repetitions for Ground kayak paddling group, and 21.16 £ 6.52 repetitions for the control group during 30's.

3.2 Chronic conditions and cancers

In [25], the authors aimed to evaluate the impact of 12 weeks of elastic band resistance training (EBRT) on adropin
levels and cardiometabolic risk factors in overweight older women. The study involved 28 women aged 66 to 74 years
randomly assigned to either the EBRT or control groups. Data analysis used ANOVA and Pearson correlation coefficient.
The study examined serum levels of adropin, TNF-q, hs-CRP, insulin, glucose, total cholesterol, high-density lipoprotein
cholesterol, low-density lipoprotein cholesterol, and triglycerides. Results showed that EBRT significantly increased serum
adropin levels, improved physical function, and decreased insulin resistance, inflammation, and body fat percentage in
overweight older women. The results reported 16.14 £ 2.44 repetitions for each 30 s.

In [26], the study aimed to assess the impact of a 12-week recreational football intervention on functional movement
in older adults. Thirteen males aged 60-80 years underwent the intervention, while another group of 13 males was
used as a control. Data was collected using sensors such as bioelectrical impedance analysis, handgrip dynamometer,
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and chronometer. The study did not mention collaboration with medical professionals or institutions. Data analysis
was performed using repeated-measures ANOVA. The study found significant improvements in functional movement
performance and suggested positive effects on body fatness in older adults who underwent the intervention. The inter-
vention group reported 23.5 + 3.9 repetitions during pre-train, and 23.9 £ 4.2 repetitions during post-train for 30 s, and
the control group reported 14.2 +£ 2.2 repetitions during pre-train, and 15.3 + 2.8 repetitions during post-train for 30 s.

In [27], the authors analyzed the effects of combined resistance and aerobic training on physical performance and
body composition in patients with coronary arteriosclerosis (CAD) enrolled in phase Il cardiac rehabilitation in Australia.
The study included 59 participants aged 61-62 years, divided into three groups: aerobic training (AT), low load resistance
training (LL-RT), and high load resistance training (HL-RT). Sensors were used to measure various aspects of physical
performance, with medical collaboration from nurses and physiotherapists. The results showed that both high-load and
low-load resistance training and aerobic training led to similar improvements in physical performance, surpassing those
achieved through aerobic exercise alone. The results reported 23 + 6 repetitions between groups for 30 s.

The authors of [28] used mechanical scales and stadiometers to gather data on morphological variables, physical
fitness, and health-related quality of life in physically active older individuals. The study involved 470 participants (421
females and 49 males) aged 63-64 years old. Data analysis methods examined relationships between age, overweight,
waist circumference, and poor performance in physical fitness tests, revealing a decrease in health-related quality of
life in physically active older people. The results reported 22.51 £ 4.87 repetitions in female individuals, and 23.33+4.35
repetitions in male individuals for 30 s.

The study [30] was conducted with 57 healthy adults (18-35 years old) and 61 older participants (60 + years old) using
semi-structured physical activity (SSPA) and physical activity advice (PAAdv) groups. The study used sensors and chro-
nometers to monitor physical activity levels, with other types of sensors possibly employed. The study did not mention
any medical collaboration or specific data analysis methods. The results showed that SSPA effectively promoted physical
fitness and functional performance in older adults, especially at higher levels (> 500 MET min/week). The results reported
27.7 £ 6.6 repetitions with healthy adults, and 14.7 + 2.7 repetitions with older adults for 30 s.

The study [31] aimed to assess the effects of ground kayak paddling (GKP) exercise on 22 older adults (10 males and
12 females) with mild cognitive impairment, specifically those aged 74-77 years. The study used a chronometer for time
measurements and did not mention other sensors or medical collaboration. Data analysis methods included repeated-
measures ANOVA to analyze time, group, and interaction effects. The study primarily evaluated the effects of GKP exercise
on postural balance, muscle performance, and cognitive function in older adults with mild cognitive impairment. The
study reported positive results, indicating significant improvements in postural balance, muscle performance, and cogni-
tive function after the intervention. The results reported 13.2 + 3.4 repetitions during 30 s at the baseline,and 17.6 +5.8
repetitions during 30 s after 6 months.

In [32], the study analyzed data from medical records and wearable devices on 32 woman aged 52-63 years old. Sen-
sors like heart rate, accelerometers, glucose, temperature, and blood pressure were used for specific evaluations. Medical
collaboration was crucial, involving healthcare professionals, researchers, and technology experts. Data analysis methods
included statistical analysis, machine learning algorithms, and pattern recognition techniques. The study evaluated vari-
ous diseases and conditions, including cardiovascular disorders, diabetes, and sleep disorders, assessing their impact on
overall health. Results showed significant correlations between sensor data and disease progression, enabling a better
understanding and management of these health conditions. The results reported 10.44 £4.27 repetitions during 30 s.

In [36], the study included 19 healthy middle-aged women aged 52 + 3 years old, focusing on various health condi-
tions. Data collection involved sensors like heart rate monitors, accelerometers, sleep trackers, blood pressure monitors,
and glucose meters. With the collaboration of medical professionals, the research used various data analysis methods,
including statistical analysis and machine learning algorithms. Key variables like heart rate variability, physical activity
levels, sleep quality, and blood glucose levels were evaluated. The results provided valuable insights into the relationships
between lifestyle factors, physiological indicators, and disease outcomes, enabling the development of personalized
healthcare interventions. The results reported between 23.3 +2.8 and 26.31 £ 2.3 repetitions for 30 s, depending on the
level of caffeine consumption.

The authors of [37] aimed to explore the relationship between physical activity and cardiovascular health using data
from electronic health records and wearable devices. It included 5 older adults with chronic conditions, using sensors
like heart rate monitors, accelerometers, and GPS trackers were used to collect physiological and movement data. Col-
laborative approaches were employed, involving medical professionals, researchers, and technology experts to ensure
data accuracy and reliability. Data analysis methods, such as statistical modeling and machine learning algorithms,
were employed to extract meaningful insights. The study found a positive correlation between physical activity and
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cardiovascular health, emphasizing the importance of regular exercise in disease prevention and management. The
results reported 9.17 +6.68 repetitions for 30 s.

The authors of [38] analysed 14 male and 51 female individuals to investigate the effects of water- and land-based com-
bined exercise training programs on hypertensive older adults aged over 60 years. Data extraction was conducted using
chronometers, blood pressure monitoring, and electrocardiogram measurements. Medical collaboration was involved,
with a physician examining participants’ general health status and resting electrocardiogram. Data analysis methods, such
as statistical tests and comparisons, were used to assess various parameters, including blood pressure, cardiometabolic
variables, functional fitness, and quality of life. Results showed significant improvements in blood pressure, antioxidant
activity, oxidative stress, inflammation, muscle strength, aerobic endurance, and quality of life perception. The results
reported 20.1 +4.32 repetitions for 30 s.

In [39], the authors examined the impact of anthropometric and health indices on the physical fitness of older women
in Chile. The Senior Fitness Test assessed 140 women aged 70+ 5 years, revealing that physical activity levels significantly
impact aerobic endurance. Factors like high plasma total cholesterol, supra iliac fold thickness, and increased BMI and
LDL-c were linked to lower physical fitness performance. The study also found that c-HDL positively correlated with
performance in all tests evaluated in the Senior Fitness Test. These findings suggest that certain anthropometric and
health indices can modify the physical fitness of older people and potentially contribute to chronic non-communicable
diseases and physical fitness loss. The results reported 21.0 + 5.64 repetitions for 30 s.

The authors of [40] gathered sensor data from various devices to analyse physical fit of 118 older persons aged
between 65 and 76 years old. A weighting machine served as the primary sensor, measuring body weight and enabling
BMI calculation. Various sensors measured several metrics, including aerobic capacity, balance, and agility. These sensors
allowed for a thorough assessment of many facets of physical fitness in the study group and offered insightful informa-
tion on the participants’ overall level of physical fitness. The results reported 11.7 £4.0 repetitions in 59 Nursing Home
Residents, and 11.5+£4.3 repetitions in 59 Community-Dwelling Older Adults for 30 s.

The authors of [41] found that dietary patterns and physical fitness were linked among older Chinese individuals aged
60-93 years old. The sample analysed was composed by 556 residents (196 men, and 360 women) with three dietary
patterns were identified: Western, Vegetarian, and Modern. Men in the fourth quartile of Western were less likely to be
classified in the high-level group, while those in the fourth quartile of Vegetarian and Modern patterns were ranked in the
high-level group. The study emphasized the importance of adhering to Vegetarian and Modern patterns for maintaining
good physical fitness. However, limitations, such as small sample size, uneven distribution, and residual confounding,
should be considered when generalizing the results to the broader Chinese elderly population. The results reported
14.6 + 3.5 repetitions for 30 s in the whole sample.

In [42], the study aimed to assess the effectiveness of a mini-trampoline training program for 40 older women with
osteopenia aged 67-72 years, distributed equally in the control and intervention groups. The study used a chronometer
to measure time-based parameters, and no other sensors were mentioned. Osteopenia was the main condition evalu-
ated, characterized by muscle mass loss and impaired motor control. The individuals were evaluated in two stages: pre-
train, and post-train. The results in the pre-train revealed 15.95 +2.93 repetitions for intervention group, and 16.80+3.35
repetitions for the control group during 30 s. Finally, the results in the post-train revealed 21.50+ 3.62 repetitions for
intervention group, and 17.40 + 3.35 repetitions for the control group during 30 s. Results showed significant improve-
ments in gait speed, static balance, lower limb muscular strength, and fear of falling among participants. However, no
significant changes were observed in bone mineral density.

The authors of [43] involved 17 woman with fibromyalgia aged =51.88+7.30 years, and 19 healthy woman aged
50.95+6.83 years old, who were non-smokers and able to stand up and ambulate independently or with assistive devices.
The study used multifrequency bioelectrical impedance analysis to evaluate older adults’ muscle loss and orthostatic
hypotension. Data analysis was conducted using SPSS version 25, focusing on parameters such as hydration, systolic and
diastolic blood pressure, total body water, fluid volume, and strength measures. Results showed that age-related muscle
loss was associated with decreased hydration, unstable postural systolic blood pressure, and increased risk of orthostatic
hypotension, potentially leading to falls. The results reported 17.00 +4.50 repetitions for woman with fibromyalgia, and
23.50+5.50 repetitions for healthy woman for 30 s.

In [46], the study aimed to effects of a semi-structured physical activity (SSPA) intervention including aerobic as well
as strength and flexibility exercise in comparison to generic physical activity advice (PAAdv) in healthy older adults. The
study was composed by 86 sedentary older adults, where 56 individual (44 females and 12 males) constituted the SSPA
group aged 70.1+10.1 years old, and 30 individuals (23 females and 7 males) constituted the PAAdv group aged 72.3+5.2
years old. EEG sensors and chronometers were used to record their activity during the dual-task performance. The
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data was analysed with SPSS Statistical Software using ANOVA and statistical tests. The results in the pre-train revealed
15.5+3.0 repetitions for PAAdv group, and 14.1 + 2.5 repetitions for the SSPA group during 30 s. Finally, the results in
the post-train revealed 15.3 + 2.8 repetitions for PAAdv group, and 16.2 + 2.8 repetitions for the SSPA group during 30's.

In [47], the study analyzed data on physical activity, fitness, barriers to physical activity, and quality of life in 25 indi-
viduals who underwent bariatric surgery. The participants were distributed in a pre-surgical exercise training (PreSET)
group (13 individuals) aged 44.5+ 8.8 yeas old, and a Usual care group (12 individuals) aged 41.1+10.3 years old. The
study used an accelerometer sensor to assess participants’ physical activity levels. Medical collaboration was conducted
through individual counseling sessions with a dietitian and physical activity specialist and group educational sessions
on physical activity, nutrition, and weight management. The data analysis methods used in the study are not specified
in the text. The PreSET group showed higher physical activity levels one year after surgery than the usual care group. No
significant differences were observed in physical fitness measures, barriers to physical activity, or weight-related quality
of life. The results in the pre-train revealed 19.6 + 4.3 repetitions for PreSET group, and 22.3 +4.1 repetitions for the Usual
care group during 30 s. Finally, the results in the post-train revealed 24.8 + 4.9 repetitions for PAAdv group, and 24.3+6.1
repetitions for the Usual care group during 30 s.

A study involving 40 postmenopausal women between 62 and 69 years (62.48 +7.67) with Type Il Diabetes found posi-
tive associations between muscle function, age, lean body mass, and resting metabolic rate [48]. Negative correlations
were found between relative strength, weight, body mass index, fat mass, and visceral fat area. Fasting glucose negatively
correlated with relative strength, arm curl test, and hip flexion range of motion. No significant correlations were found
with serum vitamin D. The study suggests that resistance training may benefit individuals with Type Il Diabetes and that
serum glucose concentration may be associated with decreased muscle strength and function in older individuals. The
results reported a significant correlation between the different parameters analysed.

The authors of [49] examined data extraction from sensors used to evaluate various diseases and conditions in the
population. The study involved 116 subjects (47 men and 69 women) from multiple countries and a diverse sample of
72.34+ 5.8 years old, including healthy individuals and those with chronic illnesses. Sensors included wearable, implant-
able, and non-invasive devices and electroencephalography and electromyography (EMG) for brain activity and muscle
movement. Medical collaboration between specialties was involved, and data analysis methods included machine learn-
ing and statistical analysis. The diseases evaluated included cardiovascular disease, diabetes, and respiratory illness, with
parameters such as heart, blood, and respiratory rates. The results demonstrated the potential of sensor technology in
healthcare, offering valuable insights into the health of individuals and populations.

In [50], the study aimed to gather information on the effects of a 12-week Nordic walking training program on older
adults aged 61-67.The participants in ths study are 112 (62 in Placebo group, and 60 in Control group), where the Placebo
group is aged 63.2+9.8 years old, and the Control group is aged 62.9+ 7.9 years old. Data collection involved sensors
like dynamometers, X-rays, and chronometers. Additional sensors or equipment were used for specific measurements.
The study evaluated parameters related to spinal posture, physical function, back pain, and the strength and endurance
of back extensor muscles. Results showed that the Nordic walking training program did not significantly improve spinal
posture or back extensor strength and endurance, but showed significant improvements in specific measures of physical
function. The results in the Placebo group reported 15.06 + 2.28 repetitions in the baseline, and 18.50 + 4.24 repetitions
in 12 months. Finally, the results in the Control group reported 16.03 + 3.84 repetitions in the baseline, and 17.42 +3.70
repetitions in 12 months.

The authors of [51] aimed to evaluate the effectiveness of physical fitness tests in identifying fibromyalgia in women.
A sample of 487 women with fybromialgia, aged 51.9 +8.3 years old, and 250 control group, aged 49.3 £9.9 years old,
was analyzed. The arm curl test assessed physical fitness, while the revised fibromyalgia impact questionnaire assessed
severity and symptoms. Results showed that patients with fibromyalgia performed worse in all fitness tests. Arm curl
scores below 20 repetitions were associated with increased odds of fibromyalgia in women aged 35-44 years. The hand-
grip strength test had the highest odds of fibromyalgia in women aged 55-65 years.

In [52], the study collected waist circumference measurements, body strength, and agility measurements from 32
participants aged between 60 and 89 years old with diabetes. Participants participated in a community-based resist-
ance training program using a chronometer and X-ray DXA sensor for bone density measurement. Medical practitioners
approved the study and conducted baseline assessments. Data analysis methods included pooled time series regression,
adjusting for age and sex. Results showed significant reductions in waist circumference, strength improvements, and
enhanced physical function among participants, reporting the performance of 17.7 £4.9 repetitions during 30 s.

In [53], the authors aimed to evaluate the feasibility and effectiveness of fitness consultations in routine care for
patients with Type Il Diabetes. The study involved 127 patients (73 males, and 53 females) aged 49-59 years old,
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using a chronometer to measure physical tests and assess health parameters. Medical collaboration between gen-
eral practitioners and researchers in primary care units was involved. Data analysis used mixed models to assess the
development and changes in various outcome variables. Results showed improvements in VO2max, muscle strength,
and HDL-cholesterol levels, indicating the potential benefits of incorporating fitness consultations into diabetes
programs in primary care settings. The results reported 5.9 + 0.30 repetitions during 30 s.

3.3 Diseases not defined

The authors of [24] analyzed data from 100 individuals (33 female and 67 male) aged 67 to 74.8 years old from various
demographic backgrounds and age groups using various sensors, including heart rate monitors, accelerometers,
and temperature sensors. Collaboration with medical professionals and institutions was crucial for accuracy and reli-
ability. Data analysis methods included statistical analyses, machine learning algorithms, and pattern recognition
techniques. The study evaluated various diseases and conditions, including cardiovascular health, sleep disorders,
and physical activity levels. The results provided valuable insights into the relationships between sensor data and
health outcomes, contributing to advancements in medical understanding and personalized healthcare. The results
reported 18.25 +0.70 repetitions between groups during 30 s.

In [33], a study analyzed the impact of text messaging on maintaining physical activity levels after cardiac rehabili-
tation. The study involved 32 patients aged 61-71 years who completed a phase 2 cardiac rehabilitation program and
had a mobile phone. A chronometer was used to measure exercise tolerance, and other sensors were not explicitly
mentioned. The research was conducted in collaboration with the Cittadella Hospital Rehabilitation Cardiology Unit.
Data analysis methods, including statistical analyses, assessed the intervention’s effectiveness. Results showed that
daily text message reminders significantly improved adhering to physical activity, leading to increased moderate
recreational activity, reduced sedentary behavior, improved exercise tolerance, and motivation to continue after
cardiac rehabilitation. Regarding the number of repetitions, the participants reported 15.8 + 4.2 repetitions with the
right arm, and 14.3 + 3.0 repetitions with the left arm.

The authors of [35] compared water-based and land-based exercise among older adults in South Korea, focusing
on the durability and effects of these activities on physical fitness and quality of life. The study included 80 older
adults aged 65 and above living in the local community. The sensors used in the study included a chronometer for
measuring time-related parameters. It demonstrated sustained beneficial effects of water-based exercise on physical
activity, quality of life, falls efficacy, and various aspects of physical fitness among older adults in South Korea. The
results reported 23.77 + 4.68 repetitions for 30 s.

4 Discussion
4.1 Interpretation of the results

Regarding the countries of the studies selected according to our inclusion criteria, presented in Fig. 2, the higher ratio
of four studies (13.3%) was performed in Italy, three studies for each country (10.0%) were conducted in Austria and
the United States of America, two studies for each country (nearly 6.7%) were conducted in Chile, Australia, South
Korea, and Spain, and the remaining countries only refer to one study.

Considering the sensors used in the various studies presented in Figs. 3 and 39.6% considered chronometer, 15.1%
applied the dynamometer, 11.3% used the stadiometer, 5.7% for each X-rays and accelerometer sensors, and 3.8%
for each pedometer, impedanciometer, and EEG sensors. In addition, other residual sensors were used, including
biosensors, wearable sensors, ergometers, weighing machines, ergo-spirometer, and goniometers.

Regarding the diseases studied in the various papers presented in Figs. 4 and 17.8% each considered both car-
diovascular disease and chronic disease, 6.7% each was applied to both diabetes and fibromyalgia, 4.4% each used
were used in dementia, osteoporosis, Parkinson’s disease, and vascular diseases. Based on the remaining 15 studies,
their conditions were residual.
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4.2 Comparison of the analyzed studies

Figure 5 presents the confusion matrix between diseases and the methods used in the studies, where it is possible
to observe that the most used sensor is the chronometer to perform measurements in cardiovascular and chronic
diseases. Stadiometer is also used for cardiovascular disease assessment.

Table 3 summarizes the strengths and drawbacks of each research for comparison. Varied modules or systems are
displayed concerning the outcomes and advantages of the investigations, although the diverse authors are consider-
ing numerous aims. As a result, a new approach or system based on recent research is encouraged.

Based on the analysis of Table 3, we propose using inertial, time, and force sensors to handle the measurement of
the results of the Arm Curl Test, providing reliable insights for the evolution of different diseases with precision. The
research also proved that some kinds of involuntary movements can be detected, but it still needs to be explored.

4.3 Limitations

The systematic review compares various studies on the use of sensors in measuring the Arm Curl Test, high-lighting
both their strengths and drawbacks. While the review showcases the varied approaches and systems used in these
studies, it also emphasizes that the diverse objectives considered by different authors necessitate the devel-opment
of new approaches or systems based on recent research.

The different authors reveal several limitations that may impact their findings' reliability, applicability, and gener-
alizability. These include non-probabilistic sampling and cross-sectional design, small sample sizes, lack of control
groups and blindness in trials, specificity of populations and interventions, methodological shortcomings, data
collection and analysis limitations, long-term effects and follow-up periods, and external factors affecting study
design. Non-probabilistic sampling and cross-sectional designs limit external representativeness, while small sample
sizes and specific geographical areas limit generalizability. The absence of control groups and blindness in trials also
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introduce bias. The specificity of populations and interventions also limits applicability. Methodological shortcomings
include a lack of randomized controlled designs and insufficient power analysis. Data collection methods, such as
self-reported physical activity measures and analytical approaches, also have limitations. Short follow-up periods and
lack of assessment also limit long-term effects and follow-up periods. External factors like the COVID-19 pandemic
may affect study design and participant recruitment. Overall, these limitations suggest the need for more extensive,
more diverse, and methodologically rigorous studies to understand better the effects of interventions on physical
fitness and health outcomes.

This review was only performed in seven scientific databases, and some unpublished work may exist, and the years of
studies published for the review can be extended. This systematic review suggests a need for innovation and adaptation
in this field, as the existing methods may have limitations or may not fully address the variety of research goals in the
area.The research in this field can be an opportunity to create new solutions to improve medical and sports monitoring.

4.4 Final remarks

This systematic review proved that developing an automatic solution for measuring the results of physical ability during
the performance of the Arm Curl Test is possible. We aim to develop an integrated system for remote monitoring and
prescription of treatments. Sports practitioners perform the arm curl movement, which can help diagnose and monitor
different physical diseases. Various sensors are embedded in the users’ equipment and can measure and communicate
the results to health professionals.

The main findings from the 30 studies identified by this review are as follows. Regarding RQ1, “What types of sensors
can be employed to track and measure different approaches to the Arm Curl Test?”, the revealed sensors in the literature
are more related to motion and inertial sensors, including accelerometer, chronometer, and force platforms. These sensors
may help to measure the time, the performed force that is an important factor of the Arm Curl Test, and the acceleration

@ Discover



| https://doi.org/10.1007/542452-024-05643-5 Review

(2024) 6:48

Discover Applied Sciences

*9z1s 3|dwies ||ews A|aA13e|as s,ApN1s 9y} 03 anp aq Aew A3y} se
9|qeziesauab se 3q Jou Aew sbulpuy 3y "SUOIIRU JO SBIIR JUSIIYIP Ul PAIUSS
-31da1 59 Jou Aew synpe Jap|o ‘92e|d suo ul suop Ajuo sem Apnis sy} AdUIS

"UMOUUN []13S SI YIOM e}

Apoq pue sajyoid moy ‘syiodal 3jdiynw 231dsap ‘9s1249xa Jou pip oym dnoib

[013u0D 8y} pue dnoib Bululel) diqoIse PIsSe]-191eM SUj} US3IMIS] PRISIXD
9duaIaYIp JuedYIUBIS A]|Bd13SIIe)S OU ‘SSaUYIS [eLIdMe Ul sjuswanoidw andsag

"sbuipuy 3y} paduINul dARY PINOD YdIYM ‘|eli} 3y}

Ul papul|g 10U Sem S}NsaJ 3y} pajen|eas oym sibojoisaury ay ‘Ajjeuonippy

"SusWIBa1 3SI1D19X3 SNOLIBA 3Y) JO A2BDJ S} INOCE SUOISN|DUOD WY MeIp

03 }NdLYIp 310w 3 ew Aew Apnis ay3 ul dnoib [043U0d e Jo Xde| 3y} ‘diow

-13yun4 ‘suonejndod 1ayyo 03 Ayjiqedidde sbuipuy ayy 10111531 Aew syuaiied
95e3sIp Je[ndsenoipied pabe-s|ppiw Jo azis sjdwes |jews AjaAneas s,Apnis sy

‘s9|dwes
|enJ pue uegJn JO UOIINGHISIP USASUN 33 0} SNP ||9M SIOIUSS 9sauly)) |8
Judsaidal Jou JYBiw s}Nsal Y} ‘D10)943Y ] "9OUIA0Id Buopueys wol) 31am

syuedipied ||y ‘yyeay |edisAyd suosiad Jap|o ue ul 3jos Juedyiubis e sey sbe
ybnoyye ‘azis Auny 3y} Jo asnedaq sa110b33ed abe [euonippe Aojdwa 03 3jndy
-JIp sem 3| *(uswi Joy Ajaeindiysed) 3sapow sem azis sjdwes s,Apnis Juaind ay L

'sanbiuyda} 1o saireuuonsanb Jayjo buisn pajenjes usaq

aney Aew 3J1| Jo Ayijenb pajejai-yijeay sy "yiesy jo swial ui 3| jo Ayjenb

9y} 2inseaw 0} Apn3s ay3 Ul pazi|ian auo AJuo ay3 sem alieuuonsanb gaz|-4S
9Y "SIUSWIUOIIAUR Jo suoljejndod juasayip 01 Aldde Jou Jybiw synsai ay L

‘sa|qelien

39U} USSM]DQ UOIIBSNED Ysi|geisa 0} pue puly am sdiysuolle|ds a4} JO UoidIIp

9y} dUIWIRIRp 0} A}deded 3y} JO SUIRIISUOD U] "[eUO0l3das-ssold s| ABojopo
-y1aw s,ApNnjs ay1 asnedaq awly ul Juswow a|buls e je pasayieb sem ejep ay|

"PaYsI|geISd 9 J0UURD SUOI}IAUUOD Ul UOIIRSNED ‘|eUO[}DIS-SSOID

s1 Apn1s ay3 2dulS *Apnis a3 JO SSaUAIIRIUDSDIDI [RUIDIXS BY3 Nl Aewl

ya1ym ‘burjdwies d13sijigeqoid-uou e wouy s|enplalpul JO UOIDIISS 3Y3 01 anp

sjuedidipied ay) JO SUOIIPUOD |en1de 3Y) JuUasaidal J0u pinod Aay) ‘syusw
-nJisul pajepljea buisn pasayieb aiam sjans| Alaide [edisAyd uo eyep ybnoyyy

V/N

"9due|eq pue ‘AyjIqixay ‘Yibusils paseasdul

Buipnppul ‘ssauly jedisAyd panosdw| ‘spie uolieioyy o syybram buisn payiod

-dns Jo ‘pasiaiadns ‘paje|nbai ase j1eyy syuswano ‘Apoq ay3 uo ybiam
SS9| pue sjulof Yl UO ulels SS3| SI 2I3Y3 4a3em dy1 Jo Aduekong ayi 03 anQg

'swd)sAs Jejndsnw

-0IN3U 3Y} D}RAIIDR URD 3S[DI3XD PRUIqUIOD ‘9104219 ‘ISIDIDXD dDUR)SISAI

40 s} nsaJ ulew ay} ale uorsodwod Apoq paroidwi pue Yyibualls Jejndsnipy
"951219X%3 dIqoJae Aq uo 1ybnolq aie d1j0qeISWOIPIRD SY3 Ul S1YaUSJ 19)1eaiD)

‘9duewJopad |edisAyd ul saseasoul 3jqesedwod

0} pa| buluiel) 9dUe)SISAI PRO|-MO| 10 PRO|-YBIY JISY1IS YHM 3SID19X3 dIqo.ae
Buiuiquiod Jey) paredipul Apnis Y3 ‘SUoje 3512193 digoise 0} pasedwio)

*S91}H[BUOWIWIOD SY Se $3oNpoid 1eaw pue 1esw pai JO 3y ejul paywl|

e pue ‘Aijep ‘syonpoud [ea1ad pue sujesb ajoym ‘sawnba) ‘synu ‘sajgeraban

“UNIY ‘YsyY|[dYs pue ysy Jo axjejul ybiy e yum s1alp [njyieay Jayio pue 1aip

SIPION 3Y3 13Ip UBSURLISUPS|A 3Y1 dpN|dul SIIP Yons Jo ssjdwex3 ‘Ayijesy

90 01 pa1sabbns usaq aAeY 1Y) SIDIP JAY10 1| ‘suisiied ulspow pue uel
-Je1969A 3Y1 Woly paryauaq ssauy |edisAyd siuedidiied Apnis Japjo syl

"3)1] Jo A)jenb pajejai-yyjesay isreasb

UM pajeIdosse ale Jeys solisialoeleyd ssauly [edisAyd ayy buikyiuapi Agq

41| Jo Aujenb pajejai-yyeay J19y3 aaoidwi ‘uiny ul ‘pue suosiad Jap|o Jo

ssauly [edisAyd sy} 9seadul 03 SUOIIUSAISIUI P3IO|Ie] 183D URD S|euols

-s3j04d a1edy3jeaH ‘sbuipuy s,Apnis ay3 Buisn auop aq ued sjenpiAlpul J3p|o
104 311 Jo Ayjenb ayy adueyus 03 swesboud pue saidijod 3Dy Bulubisag

*dUI|ap [euolduNy dols pue uoldUNy 3|PSNW dURYUD

01 saidessyy) pasndoy s1easd djsy Aew uonendod sy} ui uoneIoulap

pue sso| 9|2sNwi 104 10128} ys1 d|qissod buiAyiauap| ‘se1aqgelp ¢ adAy yum

uswom |esnedouswisod uj uonisodwod Apog pue ‘uolduNy SPSNW ‘snyels
@ ulweyia ‘1ebns poojq usamiaq sdiysuone|as ays Jo abpasimous| parosdw|

'ssauy |edisAyd ul sulpPap ay3 0}

pa1e[a. s321pul Y3jesy pue duiswodoiylue sy} Jo Juswabeuew pue [043U0d

91enbape buibeinodus os|e ajiym ‘abe pjo ui sduspuadapul [euonduny pue

Awouoine J33ea.b Jo Jyauaq ay} Joj sadeded |edisAyd jo Juswanoidwi

9y3 poddns jeys suoide Huibeinodus saidwi 30ey siy] "sadIpul Yijeay pue
Ju33Wodolylue Yloq 0} pale[al sl uswom AlIsp|a Jo ssauly [edisAyd sy

*S|el} |0J3u0d paziwopuel ul suosiad uspjo Ayijeay jo uonouny jedisAyd

9y} uo sweiboid aduep jo 3oedwi 8y} passasse 1| “uolduny [eaiskyd bujuiey
-ulew ul pie pue 31| Jo Aljenb suonendod siyl dueyua ued bupuep Jejnbay

[0%] ‘e 32 njBozey

[s€]'leI@ yo unras

[8€] |2 19 leyrbueny

[£2] |39 d1quiey

[L1t] e 33 nkY

[6] '|e 1 seloy

[8] ‘|e 19 sawuag

[6€] '|e 39 SeulalsID-eyouod

suonewIT

SIYauaq pue synsay

Apnis

SsypegMEIP puUe S}Yauq s,ApniS € 3jqel

@ Discover



| https://doi.org/10.1007/542452-024-05643-5

(2024) 6:48

Discover Applied Sciences

Review

'S9W0d1N0
SY31 pa1oaye dAey Aew ‘syeam | Paise] Yaiym ‘poliad uoiuaniaiul AYibus|
s,Apn3s 9y 'S[9A3] @ UIWEHA MO| UM suosiad Jap|o 09 Jo azis sjdwes

|lews A[oA13e|a1 5,ApN1s 8y} 01 anp a|qezijesauab aq 1ou Aew sbuipuy sy
"sjuailed eluaWSP pjiw JO} UOIIRONPS UOKILIINU 3)1| A1e331p Uo elep |esuidw
dIseq pue 3s1219x3 apinoid 03 [e1dNId s 3| “welboid dy3 Jse pue 21043q
PaAIDSCO 9I9M S} NS JURDYIUBIS ‘UoIIINU pue ‘UoidUNy [edIsAyd ‘uoiduny
aA1IUBOD Buldaye sioyoe) 9zKjeue Jou pip Apnis ay3 ybnoyyy "uoinujew
Y}M Pa1eID0SSE 21 UYdIYM ‘SUOIPUOD UOIIIINU PIsSeaIdUl OS|e SIY} USAIMOH
"9duURINPUD pue ‘AY|IqIXaY ‘Yibualls apsnw quui| Jaddn paseasdul ul paynsal
sjuaied elluaWSP pjiw Joj uolednpa uonLINu pue AyiAnoe ediskyd Jej
-n6aYy "eIUSWSP YHM SHNpPE 9P| JO SAI3I|Ige SAIHUBOD pue uolInNu 3y}

1>edwi Ajpuesyiubis ‘ssoj 1ybram se yans ‘suonipuod pue uolisodwod |ediskyd

‘A5eo19 |ennusyod
S,UOIIUAISIUL BY) pue sBuipuly Jno jo Ajigedijdde sy3 s15111531 SUOISSIS
9512J9x%3 Je|nbal pualie 03 d|geun UM A3y} aSNEIIQ PIRUIWIID DI9M OYM
s|enpiaipul jo abejusdiad ybiy ayi ‘Ajjleuonippy ‘sawodino awos uo sdnoib
U99M1aq SadUaJayIp Juedyiubis Ajauspl 03 }ndwip sem 1l ‘uoieindod asaqo
9y} jo uonejuasasdasiapun [elpuslod pue azis s|dwes ||ews Y3 Jo asnedaq
"JUSW1L3J} [BDIPAW UIIN0J 04 S| Bulbessaw 1) |nyasn Moy moys Aew
sbuipuy ay3 Ing ‘suoisnjpuod s,Apnis sy} pasadwey aney Aew azis sjdwes
||EWS Sy "92U3IdYpe 3SIDI9XS PUR UOIIRAIIOW JI9Y1 3500q 0} abessaw SIS
paJo|ie} 10w e syuaied BuIpuds JO SSDUBAIFIRYD dY3 240|dxd Os|e pjnoys
1| "W} BUO| BY3 JAAO S} NSDI 3SBY) WILUOD 0} palinbai 1 ydieasas ainng

"PaUIRICO SSI[DYIDUOU SeM SS[eWd} OF JO 9zIs S|dwes |e10}
e ‘Spoy3aw uoesjunwwod snotea eiA syuedidilied jejpuajod o3 Ino yoeal
0} bunndwaiie aydsaq ‘siskjeue Jamod 1iold e ue payoe| Apnis Jaljes ay L

‘uaw 0} sbuipuy ay3 A|dde o0y a|qissodwi 31 Bupew ‘Apnis ay3 ul papndul
2J9M USWIOM AJUO ‘S3|BW UBLj} 210W USWOM S}I94e SWOoIpuAs elbjeAwoiqy
95Ne9g "SOW021N0 3y} 12944k Aew pue Hbuibuajjeyd aq Aew elep ay) bune|o

-desyxa ‘a|qenien Arewnd ayy Aq Ajuo paulwialap sem azis 3jdwes 9y} asnedag

‘passasse uaaq pey s|and| AlAnoe |edisAyd s,ajdoad
13p|0 3Y1 JI S3INsaJ 8y} aJedwod 0 [NJaSN 210W 3q 0S|e P|NOM ]| ‘Spewl 3IaM
suojyediidde ‘sswoy Buisinu pue sasnoy yioq ul adeds jo A}dieds e 0} anQg

's}|nsaJ 9|qeJoney aiow A|jjeuibiew Buiaey anbiuyds)

bunuawsa|ddns asop-1aybiy ay1 Yyim ‘Yyijesy sjenpiaipuil syy pasoidwi

Aj3uedylubis Juawieal) g uiweA Jo sadAy yroq ‘Apnis ayy 0} buiploddy ‘uoi}

-eJ)SIUIWPE @ UlWelA pue Bujuiel) 9duelsisal AQ S[9A| @ UIWEHA MO| YUM
o|doad Apap|s ul euiwels pue yibualls appsnw buiseadul jo Aujiqissod ay

"}91p In0ge S6pa|MOUd pue 3SIDISX3 Jejnbas wouy 1ysuaq

Aew enpuawap djesapow YIm suosiad ‘Apnis ay3 03 buipioddy 3533 [And wie

9Y3 Ul JuswiaAoldw ue sem 219y} ‘welboid uolIdNJIsul UOIIIINU pUR SSUIY

9} JOYY "UOIIDNJISUI [BUOIILIINU pue 351219%d Bulobispun erpuawsp pjiw

yum syuafred Joy eyep jesuidwa [eyuswepuny siayo Apnis oy ‘A19A0d31
UOIHPUOD [BUOIIIINU U] JUSWA0IWI UR 0] P3| SBY UOI1eINPS UOIHIINN

‘AuAnoe [esisAyd ul buibebus Inoge sSaUSNOIDSU0I-§|9S pue ‘|9Ad] AJIA1}De
|ea1sAyd ‘A>eoyja-419s ‘o1 40 Aytjenb ul syuswanoidwi saresysuowap Apnis ay |

‘suoljedyipow Jofew
Aue us3q 1,Usaney 213y} ‘s3IPNIS J3Ij4ED 0} BUIPIOIDY "SBINAINDR ARPAIIAD
1edwi Ajoanisod Aew Aydeded Joge| [ewixewqns uo s123)3 poob pajeld
-0SSEe S,UOIIUSAISIUI YdJieasal s} pue ANAIDe [edisAyd Jo sjons| Jaealb asay |
39411 o Aujenb pue uonduny edi1skyd
Buiroidwi J0) |00} SA1IDRYD Ue 3 ew Ayjiqel2l ybiy pue Aydidwis swelb
-0ud 3y "Buijjey} Jo Jeay pue ‘Ddouewlopad eb ‘Yibuails ‘oduejeq bupueyus
104|001 DAI11D9Y43 Ue paIapISuod sem ydeosdde Kieurjdidsipiinw siyy ‘swoy
1B JO SI93UD Y3jeay ul pajedidas Ajises aq ued jeys sasidiaxa buisn "bul
-|1e} Jo Jeay pue ‘Y1buaIlS JejNOSNW quil| JAMO] ‘dduejed dl3els ‘paads Jieb
panoidwi Ajpuedyiubis wesboid uopuanialul bujuiesy e 3eyy punoy Apnis ay |
‘uoiduny |edisAyd pue ‘swiajqold daajs ‘uolsneyxs Jo s|aAd| syuaired
eibjeAwoiqy 123ye uopesnpa AbojoisAydoinau uied pue (butuayibuans
pue 3512193 21q0J3e) 951249Xa dlInadelsay} Moy sulwI)ap 0} exep ybnous
1,Us| 219y "951249%3 d13nadelayy y3im pauiquiod si uorednpa AbojoisAydos
-nau uted Ji uonouny jedisAyd paroidwi aney Aew swoipuAs eibjeAwoiqy
Y3IM SJUlied "uonesnps juaned Yyjim as12iaxs dinadessyy buluiquiod 1596
-bns awoipuAs eibjeAwoiqy Buiyeasy J0j sauldpIND [ed1UlD JUSII ISOW Y|
'ssauy |edisAyd jo aaibap 1oy}
Buissasse uaym suoienils BUlAll,s|enplAIpUl I9P|O JSPISUOD 0} S|} [e1NJd
moy saziseydws Apnis sy "s1e AJUNWWOD 3y} Ul pue sswoy buisinu ul
apisal oym suosiad 1ap|o 1y AjedisAyd moy ojul ybisul sapinoad Apnis ay |

[52] "|e 19 1zer ueiwezy

[2] "|e 32 Joneydsy

[¥] 1210 wiy

[£v]'[e1910])IRg

[€€] e 12 1p4edd04

[¢¥]1e 32 yasod

[¢€] |2 1° eye-sojjegs)

suoneywIT

SIYauaq pue synsay

Apnis

(panunuod) € 3|qer

@ Discover



| https://doi.org/10.1007/542452-024-05643-5 Review

(2024) 6:48

Discover Applied Sciences

"S9OUD
-1ay1p Juedyiubis asjey Ajjenuslod pue ‘Huiysal sjdiynw ‘sawodino A1epuodss
snoJawnu Jo duasald ay3 sem Apnis 3y} JO ssaUeIM AY1IOMII0U JBYloUY
'S9INseaw awo2Ino Ul sdnoub ussmiaq saduaiayip Ajuspl 03 ;amod [ednsiy
-B3S JO )DB| 3} SeM SHDRGMEIP S} JO DUO ‘D|(ISEd) SBM UOIIUIAIIUI 3|AISayl|
9Y1 J2Y1aYMm 3UIWIDISP 03 sem Apnis ay3 JO aA113(qo Jofew sy} asnedag
‘Buibuajeyd st Jusw
-liedwi aAUbB0D 3sapow yum suoieindod uspjo Inoge buizijeissuab ‘}nsai e
sy ‘Juswiiedw 9A1IUBOD pliw 3soubelp 0} Pasn SeM JUBWISSISSY dAINIUBOD
|eSIIUOIA YL "SY2egMeIP S} JO BUO SI YdIym ‘pooyioqybiau awes ay) ul panl|
123[qns K193 pue ‘(9508) d|eWwa} 21aM APNis Y1 Ul S|enpIAIpUL 93 JO 1SOI
"9duewioyiad aAIub0od pue jeuonduny
uo uondwnsuod dUI3E JO S1O3YD djeIPaWW 3y} 18 paxjoo| Aldwis 1 ‘uon
-dwnsuod aulayed Jo saduUaNbasuod aAnebau |elyual0d 4O S109Y)° WiISY-Hbuo)
9Y3 1e00] 10U pIp ApNIs sy} ‘A|jeuoiuppY "}Nsai e se uswom pabe-ajppiw
||e 03 Al dde jou ybiw sbuipuy ay] azis sjdwes 3sapow s,Apnis ay3y dn apew
B1I9}1ID UOISN|DUI UR1IDD paydlewl oym udwom pabe-ajppiw Ayyeay 6| Aluo
‘wayy abisw
0} 3|qissodwi 31 bupjew ‘sdnoib usamiaq JaIP S|PA3] ssauly |edisAyd ‘Aje
-uonippy ‘eibjeAwoliqy yum usw jo sajdwes sabue| ui siskjeue ayy ayedidal
PINOYS Y21easaJ 21nINn4 's3133)4 JURdYIUBIS J0J 51591 SISA[eUe |edl3sIe)s JuUsdyY
-jnsul pue azis djdwes 3w [[ews Y} 0} NP USWOM 0} PayWI| sem Apnis 3y

‘Buiysal [edisAyd oy pawoisndde

Buimoub syuedidiied Jo uoissaiboud jewaou salaqgelp z 9dAy 91| s101oey

J3Y30 Aq Jo uoijuanIdlul 3y} Aq Inoge 3ybnoiqg 919M S3WOIINO U SjusW
-an0idwi paiodal Jayaym [191 01 3NdLYIP 11 s9xew dnolb |011uod e Jo yde| ay

-3|doad Jap|o 01 s3nsai Buniwi| pue uoneosse

03} sisAjeue ay} buwi| “13s1jiqeqosd-uou S| UolUIUI S,APNIS 9y "salM|eal

J3y30 01 uonejodesixs buniwi| ‘1xa1u0d [ed1ydesboab pue ‘uonedidiyied sjew

MO ‘Uo113I3s a|dwies Aq paliwi| aJe syuswainseaw 1y [edisAyd ul uoieade
9|2SNW JOSUIIXI-10X3|4 10} SWs|ueYddW |e3160]|0IsAYdoInau JO SJUBWISSISSY

‘uols1d34d JuUsWRINSEIW 3D34)e Os|e Aew sjulod awil JUBISYIP Je
SIUBWISSASSY "SIUsWRIINbaI 3)17 40} W17 03 Bunisype s101on13sul 01 anp sjutod
elep BuissIW JO SI Y} S9SBAIOUI JUSWUOAIAUD AJUNWWOD 31|-|eal 3y} ‘A||e
-UOIHPPY 129443 NI} S,UOIUSAISIUI DY} SUIWISIDP 03 JNJLYIP H SMew SiyL
‘swelboid paseq-Alunwiwod ul buibusjjeyd si yoiym ‘ubisap Apnis pajjoll
-UOD PazZIWOpUeI e JO DdUIsge Y} Aq paiwl st uolyerdsdiaiul s,Apnis 3y

"SIOAIAINS JO sdnoib QS pue g 3y} Y30 Ul U3as SSWOINO0 pue siolneyad
paie[ai-yjeay ul spuswianoidwil Yum ‘sasnods J1sy3 pue SIOAIAINS Jadued
1YdUdq SUOIIUIAIAIUI ey} Smoys Apnis ay] ‘siduiied J1ay) pue syuaied 12
-ueDd Joy Jied e uo paseq weiboid ds1219x3 pue 13Ip e Jo sabejueApe |el3uslod
uawiedwi
9AIIUBOD plIw Ym suosiad Jspjo ul uonouny aAubod pue ‘Sduewsopad
d]Psnwi ‘@duejeq |einsod aduRYUS UL 3SIDIXD dYD 1.y spuy Apnis ay|
‘AuAnde (¢yo) bulpped yekey punoib wouy Ajjeyusw pue AjjesisAyd 1ysuaq
Juswredwi SAIHUB0D pliw Yym suosiad Jap|o 1ey) sspnjpuod Apnis ay |

"s1eak S|pPIW 13U} Ul USWOM Uj SdURINPUD
dPSNW pue ‘@duUeINPUS Je[ndseAolpled ‘A)jiqow [euoliduny paroidu
‘uswom pabe-a|ppIw Ul sa1MjIge [eUOIIDUNY pue SAIIUGOD parocidw

'G9—-GG pabe usWom 10} 94,8°0 03 80/°0 PUe ‘S-St pabe uswom

104 L06°0 03 92£'0 ‘pH-S€ Pabe UsWOM J0j DNV 0L6°0 OF €60 © PIMOYs

sasAjeue dydads-abe o|1ym ‘ajdwes 3joym a3 104 £68°0 03 L7/°0 WO}

pabues HNy 9yl ‘sdnoib dydads-sbe pue sjdwes a413us 9y} Ul dUSsqe pue
9ouasald ejbjeAwolqy UIDIMIDG PAJRUIWIIDSIP A[DAIIDDYD S1S9) SSDUIY dY |

‘sjuanyed sajaqelp z 9dA} ul sawod3no Yijeay pue Ayanoe jesisAyd
Buidpueyua Jo sueaw JUDYS pue d|gelA se sbuiies aied Arewd ul bul
-M3IAJS]UI [PUOIIRAIJOW pUE Suoljeulwexa [edisAyd buisn oy syutod ydieasal
9U31 ||eISAQ "%9'6 L O S1el IN0doUp B YUM ‘PI1RIS|0)-{|9M PUB 9jes Sem uol}
-UDAJR1UI BY} 3y} paledipul [eld} 9Y3 ‘ANpIgIow oD Jo [9A3] ybiy e aydsaq
'SUOI3eIDOSSE POOYI0qyBIau J0 SI91USD Yy}eay AHunwwod 31| sdnoib
uonendod abie| 10) 3|qeUNS WY} Bujew ‘1503-MO| 31 SIIUAIDR 959y}
‘Alleuoippy ‘sweiboud Ananoe |edisAyd s,ajdoad Jsp|o 40) 9]qelns way}
Bupjew ‘ajdwis ase syuswssasse ssauly |edisAyd pue jesibojoydiow ay] 's|e
-uolssajold yjjeay 1oy uonewojul 3jqelja4 buipiaoid ‘91yD ui sjdoad Jspjo
Buissasse 10j a11euuonsanb 9¢-4S pajepl|eA 3yl apnpul syibuails s,Apnis sy

"9due|eq dijels pue paads yeb Bupueyus ul SAIDIYS

A|9WaJxa sem } pue ‘dwoy je 4o A}j1dey spiods pue yyjeay Aue uj yeadal

0} 9|dwiis a1am weiboid sy Ul Pazi|iIn s3s1249%d 3y Bulj|ey Jo Jesy pue

‘Souewlopad yeb ‘Yyibuais ‘souejeq 19yl anoidwi e1USAOIISO YIIM USWOM
J13p|o sd|ay Juswndop ay3 ul pauoiusw weiboid uopusAIlul buulely syl

[LE] "|e 32 ypewe)

[S¥]‘1e3210YyD

[9€] "[e 33 1o\

[LS]|e 12 opuedy

[£6] "[e 3@ uuewyoT

[sclee

eg-s9pIeA

[¢s] e 12 sabui

suoneywIT

SIYauaq pue synsay

Apnis

(panunuod) € 3|qer

@ Discover



| https://doi.org/10.1007/542452-024-05643-5

(2024) 6:48

Discover Applied Sciences

Review

‘dnoib pajealy ayy ul
109443 ogade|d ay3 1no 3|nJ A|je103 03 3|qissodwi 31 sayew ya1ym ‘dnoib ogad
-e|d Awwinp e Jo 95udsqe ay3 s sydegmelp Juedyiubis 3sow s,Apnis ay3 Jo suQ

9w} dY] 1e palpnis buiaq sem ‘swesboid

ssaujy dnoub uiof 01 ssaubuljjim uedidiaed pardedwi yoiym diwspued

6L-AIAOD YL 'sbuiwodyioys s,Apnis 8y} Jo aUO s ‘Bupyjjem paisisseun yum
uosiedwod pajuanald yoiym ‘ubissp Apnis 3sansod-isaiaid dnoib-sjbuis sy

'Sy dew yuow-g | pue -9 e syujod Buidwes sjnpayds pjnoys

S2IPN1S 21NN PUR ‘SH99M Q€ ID}Je S1D94 WiIS)-BUo| SSISSe Jou pip sioyine

9y 'SHN uUamiaq pabueydiaul a1om pue sbuiuiesy a|diznw paaadai sysid

-esayroisAyd ‘siy3 10eI23UNOD O] “PAAJOAUL SHN JO Jaquinu 3bie| 8y} 0} anp

paywi| sem A}dusbowoy sUoI3USAISIUL BY] “SIIBYD|YM D1U0I3I3I Buisn
9s50Y3 bupn|dxa ‘si1eydjaaym [enuew Buisn sioluas Ajuo papnjdul Apnis sy

"UOIJUAIDIUL 3S1243XD ue ul Burredidiied Jo s12949 3|qissod [euonippe puels
-13pun 0} papPasU Sem Yd1easal 210w pue ‘az1s ajdwes [jews e pey Apnis ay |

‘A)jIgeqoud sdueInsse 9,08 Ue YlM G9°0 JO JWI| J9MO] B S2INSUS 08°0 4O DDI
ue YHM }IWi| 9dU3PYU0d PapIs-auo %56 e ‘dnob 1ad |9 jo azis sjdwes e yup

‘AYIsuajul pue Junowe

ay3 buruiwialap 1oy aspasdwl aq Aew yoiym ‘Ayanoe |edisAyd ssasse 0}

pasn a1am spoylaw papiodal-§|9S 'Suo disse|d e 03 pasedwod sem ydeoidde
[9A0U B ‘pea)SU| 'SUISDUOD |ed1Y1a 0} anp dnoib [013u0d e papn|Pxa Apnis ay |

‘paJinbai s| e3aJe SIY} Ul YdIeasal siow pue

‘pazi|esauab 9q Jouued sbulpuy ) nsal e sy 9zis s|dwes paywi| A|A1e|as

9y} 03 anp Juedyiubis aq Aew saduaIayIp 426.e| AJUQ "UsW paldaye-|N4 0}
P3PUSIXS 9 J0UUED SUOISN|DUOD ‘SI991UN|OA 3w A|UO DI9M 3IBY3 DUIS

‘uonebIIsanul iy} Ul 10} pa||01}

-uod Aj4adoud jJou sem ‘suosiad Jap|o Ul uoisuaodAy d1eIsoylio yoedwl

yb1w yoiym ‘suonedsipsw jo asn sy ‘paljdde aq Aew synsai ayy A|peoiq
moy Hwi| Aew Apnis ay3 ul syuedipiyied g9 Ajuo a1am a1y} Jey3 10ey 3y L

*‘Apn3s siyp ul

A)jiqow pue ‘Ay1IqIxa]4 ‘@due|jeq Ul syuswanoidwi sy} 03 painquiie aq Aew
uonejndod ysu-ybiy siya ul saanidesy pue ‘waey |edisAyd ‘sjjej ul 9sealdsp ay |

'SOWO0dIN0

9591 S109j4e Bujjem dIpIoN moy uo abpajmouy jo Apoq sy} 03 buippe

‘lI9m se ainysod |euids pue ‘uonduny [edisAyd ‘ured ydeq suosiad Jap|o

paulwexs Apnis ay] ‘yibuans Apoq Jamo| pue saddn pue aduejeq adueyua
Aew uawibai Bujuiesy Bupjjem dIpION XaM-z | e ‘Apnis ay} 01 buiplodny

"92UeWI0ad [RUOIIDUNY [|BISAO pUR SSaUIY AHWJIXd Jaddn jo Jusw

-dojanap ay3 syeduwi Apuedyiubis | \NQ ‘sbulpuy s,Apnis 8y 01 buipioddy

‘yjeay [eausw pue sdiysuonelal [e1dos snoidwi djsy ued Asy3 pue ‘syuresis

-uod |eaisAyd pue abe 10j payipow 9q ued jeyl A}AIIOR [BSISAIUN B BW0I3]
0} |ennualod ayj sey [N ‘s91HAIDe [edIsAYd [eUOIIUSAUOD 0] 1SeIIUOD U|

"sobejueApe IY0 || 3seasIp
JejnosenolpJed pue ‘ssaule} Apoq ‘Aij16e ‘@dueinpus |edisAyd Apoq Jamo
"yyesy ||es2A0 ul Juswanoidwi Juedyiubis e buriedipul
'}$913J 0} 1533 9} WO PIAIISYO 2Jam sjuswaAosdwl 3say] "|INS pPue ‘WINS
‘UOISURIXD DAY ‘UOIX3) dBAY ‘UOIX3Y 1d ‘IS Ul PIAISSHO DI9M SIUIW
-anoidw| "yyeay panadiad-49s pue ‘WINSY ‘WINS ‘©beiuadiad ey Apoq bBul
-pn|pul “s3591 SnoLieA Ul Ja13aq Ajpuedyiubis pawioyiad syuedidiyied Jabunop

‘swesboid 3s1219%d paseq-1auad ‘pasiaiadns 0}
pa3jul] U33Q 9ARY SDSBIIDUI SSULY. pUR ddUeWIOHAd [eUOIIdUN pale|al-aby
‘dnoub 4 ay3 ur eydje
pue e13q JO SaN|eA JSMO| YIM ‘suoljelieA dnolb-ussmiaq pamoys os[e
sdnoib W4 pue Ayijeay ay) usamiaq spueq Aduanbaiy eyaq pue eyd|y '1a
pue S u9amiaq saduaIayIp [ed160joIsAYdoinau ou Pamoys A4 YHM USWOAN
"y
-$5920Ns 2JoW 3.k Jey) suejd jJuswieal) pue uorzuaAaid Buijesid pue ssauj|l
9y3 buipuelsiapun 191139 Ul s1apinoid [edipaw ple ued siy] ‘suosiad Jap|o
u| uoisuajodAy d11e150Y110 JO 95US6I3WS 3Y} 0} SSO| B|PSNW JO UOIINGLIIUOD
Jennuarod ay3 uo 1yb1| spays os|e Yyaiym ‘uoisus3odAy d11eISOYLIO pue SSO|
9]2SNW USSMID( UOI}DRUUOD 3y} Jo abpajmouy 4193194 e sapiroid Apnis sy

[05] ‘e 39 B2AINQ

[t€] bueny

[£€] "|e 12 uAzsojop

[92] *|e 19 uedung

[0€] ‘e 32 enyjefluysog

[ov] e 11D

[e¥] "2 32 euieje||in

[62] ‘[ 32 uojuag

suoneywIT

SIYauaq pue synsay

Apnis

(panunuod) € 3|qer

@ Discover



Discover Applied Sciences (2024) 6:48 | https://doi.org/10.1007/542452-024-05643-5 Review

of the movement. Some of these sensors are embedded in wearable devices that combine all measurements into one
piece of equipment. In the minority, other sensors, such as medical and specific platforms, are used.

Concerning RQ2, “Which technological methods can be integrated with the sensor data to measure the Arm Curl Test
effectively?’, the most used methods are statistical and mathematical methods for the different conversions between
measurement units. However, some studies use machine learning to predict health status and movements.

Finally, based on the RQ3, “What are the benefits of automated measuring of the Arm Curl Test for different populations
or conditions?’, we verified that using sensors can make the measurements more precise. Some involuntary movements
can be detected and cannot be seen with the visualization. As Arm Curl Test is a cardio fitness exercise, it revealed the
importance of monitoring cardiovascular, physical, and chronic diseases in older adults.

Even though there are multiple systematic reviews related to physiological tests, this is the first comprehensive study
focusing on the Arm Curl Test. One study that focuses on grip and arm curl strength is [18], which is not a review study,
but rather shows the results from the clinical examination of a few related tests.

5 Conclusions

The sensors and methods used to measure the outcomes of the Arm Curl Test have been thoroughly reviewed in this
article. The fact that 30 papers in all were deemed pertinent for the inclusion criteria indicates how appealing a study
area this is. In line with this, mobile devices and sensors make the Arm Curl Test performance measurement possible.
Additionally, customized mobile applications may allow users to evaluate the test results and detect or measure invol-
untary movements.

This evaluation highlighted the most popular sensors, current research trends, and techniques that produce the best
predictive and analytical performance for continuous Arm Curl Test application measurements. The data presented in
this review can be used to create automated systems for measuring the results of the Arm Curl Test. Creating a system
for this purpose is urgently needed since aged people’s force must be quantified to improve their quality of life.
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