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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 · IoT · 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 (P.J.C.), and computer science (I.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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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. 

Fig. 1  Flow diagram of the 
selection of the papers
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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-α, 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, 

Table 2  Diseases categories Neurological and cognitive disorders Chronic conditions and cancers

Parkinson’s disease
Dementia
Mild cognitive impairment
Alzheimer’s disease
Spinal cord injury

Pulmonary disease
Chronic disease
Cardiovascular disease
Breast Cancer
Fibromyalgia
Osteopenia
Vascular diseases
Diabetes
Osteoporosis
Degenerative rheumatic problems
Prostate Cancer
Colorectal Cancer
Psychiatric disorder
Systemic diseases
Musculoskeletal diseases
Hypertension
Metabolic syndrome
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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 II 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 II 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 II 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 II 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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Fig. 2  Relation between the number of studies and countries

Fig. 3  Relation between sensors and the number of studies



Vol.:(0123456789)

Discover Applied Sciences            (2024) 6:48  | https://doi.org/10.1007/s42452-024-05643-5 Review

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 

Fig. 4  Relation between diseases and the number of studies
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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 

Accelerometer 0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 2

Chronometer 1 2 5 5 2 0 2 3 1 1 1 1 1 0 1 1 2 2 0 0 1 0 3

Dynamometer 0 1 2 2 1 1 0 3 1 0 0 1 0 0 0 2 2 1 1 1 0 0 1

EEG sensors 0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0

Ergo-spirometer 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Goniometer 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0

Pedometer 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

Shiller ERR 911 ergometer 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Stadiometer 0 1 4 2 1 1 0 2 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0

Impedanciometer 0 1 1 1 1 1 0 3 1 0 0 1 0 0 0 1 1 1 0 1 0 0 1

Wearable sensors 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Weighing machine 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

X-rays 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0
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Fig. 5  Confusion matrix between diseases and the methods used in the studies
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ud
y’

s 
re

la
tiv

el
y 

sm
al

l s
am

pl
e 

si
ze

.
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Ta
bl

e 
3 

 (c
on

tin
ue

d)

St
ud

y
Re

su
lts

 a
nd

 b
en

efi
ts

Li
m

ita
tio

ns

Ce
ba

llo
s-

La
ita

 e
t a

l. 
[3

2]
Th

e 
st

ud
y 

pr
ov

id
es

 in
si

gh
t i

nt
o 

ho
w

 p
hy

si
ca

lly
 fi

t o
ld

er
 p

er
so

ns
 w

ho
 re

si
de

 
in

 n
ur

si
ng

 h
om

es
 a

nd
 in

 th
e 

co
m

m
un

ity
 a

re
. T

he
 s

tu
dy

 e
m

ph
as

iz
es

 h
ow

 
cr

uc
ia

l i
t i

s 
to

 c
on

si
de

r o
ld

er
 in

di
vi

du
al

s’ 
liv

in
g 

si
tu

at
io

ns
 w

he
n 

as
se

ss
in

g 
th

ei
r d

eg
re

e 
of

 p
hy

si
ca

l fi
tn

es
s.

D
ue

 to
 a

 s
ca

rc
ity

 o
f s

pa
ce

 in
 b

ot
h 

ho
us

es
 a

nd
 n

ur
si

ng
 h

om
es

, a
pp

lic
at

io
ns

 
w

er
e 

m
ad

e.
 It

 w
ou

ld
 a

ls
o 

be
 m

or
e 

us
ef

ul
 to

 c
om

pa
re

 th
e 

re
su

lts
 if

 th
e 

ol
de

r 
pe

op
le

’s 
ph

ys
ic

al
 a

ct
iv

ity
 le

ve
ls

 h
ad

 b
ee

n 
as

se
ss

ed
.

Po
sc

h 
et

 a
l. 

[4
2]

Th
e 

m
os

t r
ec

en
t c

lin
ic

al
 g

ui
de

lin
es

 fo
r t

re
at

in
g 

fib
ro

m
ya

lg
ia

 s
yn

dr
om

e 
su

g-
ge

st
 c

om
bi

ni
ng

 th
er

ap
eu

tic
 e

xe
rc

is
e 

w
ith

 p
at

ie
nt

 e
du

ca
tio

n.
 P

at
ie

nt
s 

w
ith

 
fib

ro
m

ya
lg

ia
 s

yn
dr

om
e 

m
ay

 h
av

e 
im

pr
ov

ed
 p

hy
si

ca
l f

un
ct

io
n 

if 
pa

in
 n

eu
-

ro
ph

ys
io

lo
gy

 e
du

ca
tio

n 
is

 c
om

bi
ne

d 
w

ith
 th

er
ap

eu
tic

 e
xe

rc
is

e.
 T

he
re

 is
n’

t 
en

ou
gh

 d
at

a 
to

 d
et

er
m

in
e 

ho
w

 th
er

ap
eu

tic
 e

xe
rc

is
e 

(a
er

ob
ic

 e
xe

rc
is

e 
an

d 
st

re
ng

th
en

in
g)

 a
nd

 p
ai

n 
ne

ur
op

hy
si

ol
og

y 
ed

uc
at

io
n 

aff
ec

t fi
br

om
ya

lg
ia

 
pa

tie
nt

s’ 
le

ve
ls

 o
f e

xh
au

st
io

n,
 s

le
ep

 p
ro

bl
em

s, 
an

d 
ph

ys
ic

al
 fu

nc
tio

n.

Be
ca

us
e 

th
e 

sa
m

pl
e 

si
ze

 w
as

 d
et

er
m

in
ed

 o
nl

y 
by

 th
e 

pr
im

ar
y 

va
ria

bl
e,

 e
xt

ra
p-

ol
at

in
g 

th
e 

da
ta

 m
ay

 b
e 

ch
al

le
ng

in
g 

an
d 

m
ay

 a
ffe

ct
 th

e 
ou

tc
om

es
. B

ec
au

se
 

fib
ro

m
ya

lg
ia

 s
yn

dr
om

e 
aff

ec
ts

 w
om

en
 m

or
e 

th
an

 m
al

es
, o

nl
y 

w
om

en
 w

er
e 

in
cl

ud
ed

 in
 th

e 
st

ud
y,

 m
ak

in
g 

it 
im

po
ss

ib
le

 to
 a

pp
ly

 th
e 

fin
di

ng
s 

to
 m

en
.

Fo
cc

ar
di

 e
t a

l. 
[3

3]
Th

e 
st

ud
y 

fo
un

d 
th

at
 a

 tr
ai

ni
ng

 in
te

rv
en

tio
n 

pr
og

ra
m

 s
ig

ni
fic

an
tly

 im
pr

ov
ed

 
ga

it 
sp

ee
d,

 s
ta

tic
 b

al
an

ce
, l

ow
er

 li
m

b 
m

us
cu

la
r s

tr
en

gt
h,

 a
nd

 fe
ar

 o
f f

al
l-

in
g.

 U
si

ng
 e

xe
rc

is
es

 th
at

 c
an

 b
e 

ea
si

ly
 re

pl
ic

at
ed

 in
 h

ea
lth

 c
en

te
rs

 o
r a

t 
ho

m
e,

 th
is

 m
ul

tid
is

ci
pl

in
ar

y 
ap

pr
oa

ch
 w

as
 c

on
si

de
re

d 
an

 e
ffe

ct
iv

e 
to

ol
 fo

r 
en

ha
nc

in
g 

ba
la

nc
e,

 s
tr

en
gt

h,
 g

ai
t p

er
fo

rm
an

ce
, a

nd
 fe

ar
 o

f f
al

lin
g.

 T
he

 p
ro

-
gr

am
’s 

si
m

pl
ic

ity
 a

nd
 h

ig
h 

re
lia

bi
lit

y 
m

ak
e 

it 
an

 e
ffe

ct
iv

e 
to

ol
 fo

r i
m

pr
ov

in
g 

ph
ys

ic
al

 fu
nc

tio
n 

an
d 

qu
al

ity
 o

f l
ife

.

Th
e 

ea
rli

er
 s

tu
dy

 la
ck

ed
 a

n 
a 

pr
io

ri 
po

w
er

 a
na

ly
si

s. 
D

es
pi

te
 a

tt
em

pt
in

g 
to

 
re

ac
h 

ou
t t

o 
po

te
nt

ia
l p

ar
tic

ip
an

ts
 v

ia
 v

ar
io

us
 c

om
m

un
ic

at
io

n 
m

et
ho

ds
, a

 
to

ta
l s

am
pl

e 
si

ze
 o

f 4
0 

fe
m

al
es

 w
as

 n
on

et
he

le
ss

 o
bt

ai
ne

d.

Ba
ill

ot
 e

t a
l. 

[4
7]

Th
es

e 
gr

ea
te

r l
ev

el
s 

of
 p

hy
si

ca
l a

ct
iv

ity
 a

nd
 th

e 
re

se
ar

ch
 in

te
rv

en
tio

n’
s 

as
so

-
ci

at
ed

 g
oo

d 
eff

ec
ts

 o
n 

su
bm

ax
im

al
 la

bo
r c

ap
ac

ity
 m

ay
 p

os
iti

ve
ly

 im
pa

ct
 

ev
er

yd
ay

 a
ct

iv
iti

es
. A

cc
or

di
ng

 to
 e

ar
lie

r s
tu

di
es

, t
he

re
 h

av
en

’t 
be

en
 a

ny
 

m
aj

or
 m

od
ifi

ca
tio

ns
.

Fu
tu

re
 re

se
ar

ch
 is

 re
qu

ire
d 

to
 c

on
fir

m
 th

es
e 

re
su

lts
 o

ve
r t

he
 lo

ng
 te

rm
. I

t 
sh

ou
ld

 a
ls

o 
ex

pl
or

e 
th

e 
eff

ec
tiv

en
es

s 
of

 s
en

di
ng

 p
at

ie
nt

s 
a 

m
or

e 
ta

ilo
re

d 
SM

S 
m

es
sa

ge
 to

 b
oo

st
 th

ei
r m

ot
iv

at
io

n 
an

d 
ex

er
ci

se
 a

dh
er

en
ce

. T
he

 s
m

al
l 

sa
m

pl
e 

si
ze

 m
ay

 h
av

e 
ha

m
pe

re
d 

th
e 

st
ud

y’
s 

co
nc

lu
si

on
s, 

bu
t t

he
 fi

nd
in

gs
 

m
ay

 s
ho

w
 h

ow
 u

se
fu

l t
ex

t m
es

sa
gi

ng
 is

 fo
r r

ou
tin

e 
m

ed
ic

al
 tr

ea
tm

en
t.

Ki
m

 e
t a

l. 
[4

4]
Th

e 
st

ud
y 

de
m

on
st

ra
te

s 
im

pr
ov

em
en

ts
 in

 q
ua

lit
y 

of
 li

fe
, s

el
f-

effi
ca

cy
, p

hy
si

ca
l 

ac
tiv

ity
 le

ve
l, 

an
d 

se
lf-

co
ns

ci
ou

sn
es

s 
ab

ou
t e

ng
ag

in
g 

in
 p

hy
si

ca
l a

ct
iv

ity
.

Be
ca

us
e 

of
 th

e 
sm

al
l s

am
pl

e 
si

ze
 a

nd
 p

ot
en

tia
l u

nd
er

re
pr

es
en

ta
tio

n 
of

 th
e 

ob
es

e 
po

pu
la

tio
n,

 it
 w

as
 d

iffi
cu

lt 
to

 id
en

tif
y 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

s 
be

tw
ee

n 
gr

ou
ps

 o
n 

so
m

e 
ou

tc
om

es
. A

dd
iti

on
al

ly
, t

he
 h

ig
h 

pe
rc

en
ta

ge
 o

f i
nd

iv
id

ua
ls

 
w

ho
 w

er
e 

el
im

in
at

ed
 b

ec
au

se
 th

ey
 w

er
e 

un
ab

le
 to

 a
tt

en
d 

re
gu

la
r e

xe
rc

is
e 

se
ss

io
ns

 re
st

ric
ts

 th
e 

ap
pl

ic
ab

ili
ty

 o
f o

ur
 fi

nd
in

gs
 a

nd
 th

e 
in

te
rv

en
tio

n’
s 

po
te

nt
ia

l e
ffi

ca
cy

.
A

sc
ha

ue
r e

t a
l. 

[2
4]

N
ut

rit
io

n 
ed

uc
at

io
n 

ha
s 

le
d 

to
 a

n 
im

pr
ov

em
en

t i
n 

nu
tr

iti
on

al
 c

on
di

tio
n 

re
co

ve
ry

. T
he

 s
tu

dy
 o

ffe
rs

 fu
nd

am
en

ta
l e

m
pi

ric
al

 d
at

a 
fo

r p
at

ie
nt

s 
w

ith
 

m
ild

 d
em

en
tia

 u
nd

er
go

in
g 

ex
er

ci
se

 a
nd

 n
ut

rit
io

na
l i

ns
tr

uc
tio

n.
 A

ft
er

 th
e 

fit
ne

ss
 a

nd
 n

ut
rit

io
n 

in
st

ru
ct

io
n 

pr
og

ra
m

, t
he

re
 w

as
 a

n 
im

pr
ov

em
en

t i
n 

th
e 

ar
m

 c
ur

l t
es

t. 
Ac

co
rd

in
g 

to
 th

e 
st

ud
y,

 p
er

so
ns

 w
ith

 m
od

er
at

e 
de

m
en

tia
 m

ay
 

be
ne

fit
 fr

om
 re

gu
la

r e
xe

rc
is

e 
an

d 
kn

ow
le

dg
e 

ab
ou

t d
ie

t.

Ph
ys

ic
al

 c
om

po
si

tio
n 

an
d 

co
nd

iti
on

s, 
su

ch
 a

s 
w

ei
gh

t l
os

s, 
si

gn
ifi

ca
nt

ly
 im

pa
ct

 
th

e 
nu

tr
iti

on
 a

nd
 c

og
ni

tiv
e 

ab
ili

tie
s 

of
 o

ld
er

 a
du

lts
 w

ith
 d

em
en

tia
. R

eg
u-

la
r p

hy
si

ca
l a

ct
iv

ity
 a

nd
 n

ut
rit

io
n 

ed
uc

at
io

n 
fo

r m
ild

 d
em

en
tia

 p
at

ie
nt

s 
re

su
lte

d 
in

 in
cr

ea
se

d 
up

pe
r l

im
b 

m
us

cl
e 

st
re

ng
th

, fl
ex

ib
ili

ty
, a

nd
 e

nd
ur

an
ce

. 
H

ow
ev

er
, t

hi
s 

al
so

 in
cr

ea
se

d 
nu

tr
iti

on
 c

on
di

tio
ns

, w
hi

ch
 a

re
 a

ss
oc

ia
te

d 
w

ith
 

m
al

nu
tr

iti
on

. A
lth

ou
gh

 th
e 

st
ud

y 
di

d 
no

t a
na

ly
ze

 fa
ct

or
s 

aff
ec

tin
g 

co
gn

iti
ve

 
fu

nc
tio

n,
 p

hy
si

ca
l f

un
ct

io
n,

 a
nd

 n
ut

rit
io

n,
 s

ig
ni

fic
an

t r
es

ul
ts

 w
er

e 
ob

se
rv

ed
 

be
fo

re
 a

nd
 a

ft
er

 th
e 

pr
og

ra
m

. I
t i

s 
cr

uc
ia

l t
o 

pr
ov

id
e 

ex
er

ci
se

 a
nd

 b
as

ic
 

em
pi

ric
al

 d
at

a 
on

 d
ie

ta
ry

 li
fe

 n
ut

rit
io

n 
ed

uc
at

io
n 

fo
r m

ild
 d

em
en

tia
 p

at
ie

nt
s.

A
za

m
ia

n 
Ja

zi
 e

t a
l. 

[2
5]

Th
e 

po
ss

ib
ili

ty
 o

f i
nc

re
as

in
g 

m
us

cl
e 

st
re

ng
th

 a
nd

 s
ta

m
in

a 
in

 e
ld

er
ly

 p
eo

pl
e 

w
ith

 lo
w

 v
ita

m
in

 D
 le

ve
ls

 b
y 

re
si

st
an

ce
 tr

ai
ni

ng
 a

nd
 v

ita
m

in
 D

 a
dm

in
is

tr
a-

tio
n.

 A
cc

or
di

ng
 to

 th
e 

st
ud

y,
 b

ot
h 

ty
pe

s 
of

 v
ita

m
in

 D
 tr

ea
tm

en
t s

ig
ni

fic
an

tly
 

im
pr

ov
ed

 th
e 

in
di

vi
du

al
s’ 

he
al

th
, w

ith
 th

e 
hi

gh
er

-d
os

e 
su

pp
le

m
en

tin
g 

te
ch

ni
qu

e 
ha

vi
ng

 m
ar

gi
na

lly
 m

or
e 

fa
vo

ra
bl

e 
re

su
lts

.

Th
e 

fin
di

ng
s 

m
ay

 n
ot

 b
e 

ge
ne

ra
liz

ab
le

 d
ue

 to
 th

e 
st

ud
y’

s 
re

la
tiv

el
y 

sm
al

l 
sa

m
pl

e 
si

ze
 o

f 6
0 

ol
de

r p
er

so
ns

 w
ith

 lo
w

 v
ita

m
in

 D
 le

ve
ls

. T
he

 s
tu

dy
’s 

le
ng

th
y 

in
te

rv
en

tio
n 

pe
rio

d,
 w

hi
ch

 la
st

ed
 1

2 
w

ee
ks

, m
ay

 h
av

e 
aff

ec
te

d 
th

e 
ou

tc
om

es
.
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Ta
bl

e 
3 

 (c
on

tin
ue

d)

St
ud

y
Re

su
lts

 a
nd

 b
en

efi
ts

Li
m

ita
tio

ns

M
in

ge
s 

et
 a

l. 
[5

2]
Th

e 
tr

ai
ni

ng
 in

te
rv

en
tio

n 
pr

og
ra

m
 m

en
tio

ne
d 

in
 th

e 
do

cu
m

en
t h

el
ps

 o
ld

er
 

w
om

en
 w

ith
 o

st
eo

pe
ni

a 
im

pr
ov

e 
th

ei
r b

al
an

ce
, s

tr
en

gt
h,

 g
ai

t p
er

fo
rm

an
ce

, 
an

d 
fe

ar
 o

f f
al

lin
g.

 T
he

 e
xe

rc
is

es
 u

til
iz

ed
 in

 th
e 

pr
og

ra
m

 w
er

e 
si

m
pl

e 
to

 
re

pe
at

 in
 a

ny
 h

ea
lth

 a
nd

 s
po

rt
s 

fa
ci

lit
y 

or
 a

t h
om

e,
 a

nd
 it

 w
as

 e
xt

re
m

el
y 

eff
ec

tiv
e 

in
 e

nh
an

ci
ng

 g
ai

t s
pe

ed
 a

nd
 s

ta
tic

 b
al

an
ce

.

Th
e 

st
ud

y’
s 

in
te

rp
re

ta
tio

n 
is

 li
m

ite
d 

by
 th

e 
ab

se
nc

e 
of

 a
 ra

nd
om

iz
ed

 c
on

-
tr

ol
le

d 
st

ud
y 

de
si

gn
, w

hi
ch

 is
 c

ha
lle

ng
in

g 
in

 c
om

m
un

ity
-b

as
ed

 p
ro

gr
am

s. 
Th

is
 m

ak
es

 it
 d

iffi
cu

lt 
to

 d
et

er
m

in
e 

th
e 

in
te

rv
en

tio
n’

s 
tr

ue
 e

ffe
ct

. A
dd

iti
on

-
al

ly
, t

he
 re

al
-li

fe
 c

om
m

un
ity

 e
nv

iro
nm

en
t i

nc
re

as
es

 th
e 

ris
k 

of
 m

is
si

ng
 d

at
a 

po
in

ts
 d

ue
 to

 in
st

ru
ct

or
s 

ad
he

rin
g 

to
 L

ift
 fo

r L
ife

 re
qu

ire
m

en
ts

. A
ss

es
sm

en
ts

 
at

 d
iff

er
en

t t
im

e 
po

in
ts

 m
ay

 a
ls

o 
aff

ec
t m

ea
su

re
m

en
t p

re
ci

si
on

.
Va

ld
és

-B
ad

ill
a 

al
 [2

8]
. 

Th
e 

st
ud

y’
s 

st
re

ng
th

s 
in

cl
ud

e 
th

e 
va

lid
at

ed
 S

F-
36

 q
ue

st
io

nn
ai

re
 fo

r a
ss

es
si

ng
 

ol
de

r p
eo

pl
e 

in
 C

hi
le

, p
ro

vi
di

ng
 re

lia
bl

e 
in

fo
rm

at
io

n 
fo

r h
ea

lth
 p

ro
fe

ss
io

n-
al

s. 
Th

e 
m

or
ph

ol
og

ic
al

 a
nd

 p
hy

si
ca

l fi
tn

es
s 

as
se

ss
m

en
ts

 a
re

 s
im

pl
e,

 m
ak

in
g 

th
em

 s
ui

ta
bl

e 
fo

r o
ld

er
 p

eo
pl

e’
s 

ph
ys

ic
al

 a
ct

iv
ity

 p
ro

gr
am

s. 
Ad

di
tio

na
lly

, 
th

es
e 

ac
tiv

iti
es

 a
re

 lo
w

-c
os

t, 
m

ak
in

g 
th

em
 s

ui
ta

bl
e 

fo
r l

ar
ge

 p
op

ul
at

io
n 

gr
ou

ps
 li

ke
 c

om
m

un
ity

 h
ea

lth
 c

en
te

rs
 o

r n
ei

gh
bo

rh
oo

d 
as

so
ci

at
io

ns
.

A
ss

es
sm

en
ts

 o
f n

eu
ro

ph
ys

io
lo

gi
ca

l m
ec

ha
ni

sm
s 

fo
r fl

ex
or

-e
xt

en
so

r m
us

cl
e 

ac
tiv

at
io

n 
in

 p
hy

si
ca

l fi
t m

ea
su

re
m

en
ts

 a
re

 li
m

ite
d 

by
 s

am
pl

e 
se

le
ct

io
n,

 lo
w

 
m

al
e 

pa
rt

ic
ip

at
io

n,
 a

nd
 g

eo
gr

ap
hi

ca
l c

on
te

xt
, l

im
iti

ng
 e

xt
ra

po
la

tio
n 

to
 o

th
er

 
re

al
iti

es
. T

he
 s

tu
dy

’s 
in

te
nt

io
n 

is
 n

on
-p

ro
ba

bi
lis

tic
, l

im
iti

ng
 th

e 
an

al
ys

is
 to

 
as

so
ci

at
io

n 
an

d 
lim

iti
ng

 re
su

lts
 to

 o
ld

er
 p

eo
pl

e.

Lo
hm

an
n 

et
 a

l. 
[5

3]
D

es
pi

te
 a

 h
ig

h 
le

ve
l o

f c
om

or
bi

di
ty

, t
he

 tr
ia

l i
nd

ic
at

ed
 th

at
 th

e 
in

te
rv

en
-

tio
n 

w
as

 s
af

e 
an

d 
w

el
l-t

ol
er

at
ed

, w
ith

 a
 d

ro
po

ut
 ra

te
 o

f 1
9.

6%
. O

ve
ra

ll,
 th

e 
re

se
ar

ch
 p

oi
nt

s 
to

 u
si

ng
 p

hy
si

ca
l e

xa
m

in
at

io
ns

 a
nd

 m
ot

iv
at

io
na

l i
nt

er
vi

ew
-

in
g 

in
 p

rim
ar

y 
ca

re
 s

et
tin

gs
 a

s 
vi

ab
le

 a
nd

 e
ffi

ci
en

t m
ea

ns
 o

f e
nh

an
ci

ng
 

ph
ys

ic
al

 a
ct

iv
ity

 a
nd

 h
ea

lth
 o

ut
co

m
es

 in
 ty

pe
 2

 d
ia

be
te

s 
pa

tie
nt

s.

Th
e 

la
ck

 o
f a

 c
on

tr
ol

 g
ro

up
 m

ak
es

 it
 d

iffi
cu

lt 
to

 te
ll 

w
he

th
er

 re
po

rt
ed

 im
pr

ov
e-

m
en

ts
 in

 o
ut

co
m

es
 w

er
e 

br
ou

gh
t a

bo
ut

 b
y 

th
e 

in
te

rv
en

tio
n 

or
 b

y 
ot

he
r 

fa
ct

or
s 

lik
e 

ty
pe

 2
 d

ia
be

te
s 

no
rm

al
 p

ro
gr

es
si

on
 o

r p
ar

tic
ip

an
ts

’ g
ro

w
in

g 
ac

cu
st

om
ed

 to
 p

hy
si

ca
l t

es
tin

g.

A
pa

ric
io

 e
t a

l. 
[5

1]
Th

e 
fit

ne
ss

 te
st

s 
eff

ec
tiv

el
y 

di
sc

rim
in

at
ed

 b
et

w
ee

n 
fib

ro
m

ya
lg

ia
 p

re
se

nc
e 

an
d 

ab
se

nc
e 

in
 th

e 
en

tir
e 

sa
m

pl
e 

an
d 

ag
e-

sp
ec

ifi
c 

gr
ou

ps
. T

he
 A

U
C 

ra
ng

ed
 

fr
om

 0
.7

41
 to

 0
.8

93
 fo

r t
he

 w
ho

le
 s

am
pl

e,
 w

hi
le

 a
ge

-s
pe

ci
fic

 a
na

ly
se

s 
sh

ow
ed

 a
 0

.7
93

 to
 0

.9
10

 A
U

C 
fo

r w
om

en
 a

ge
d 

35
–4

4,
 0

.7
26

 to
 0

.9
01

 fo
r 

w
om

en
 a

ge
d 

45
–5

4,
 a

nd
 0

.7
08

 to
 0

.8
46

 fo
r w

om
en

 a
ge

d 
55

–6
5.

Th
e 

st
ud

y 
w

as
 li

m
ite

d 
to

 w
om

en
 d

ue
 to

 th
e 

sm
al

l m
al

e 
sa

m
pl

e 
si

ze
 a

nd
 in

su
f-

fic
ie

nt
 s

ta
tis

tic
al

 a
na

ly
si

s 
te

st
s 

fo
r s

ig
ni

fic
an

t e
ffe

ct
s. 

Fu
tu

re
 re

se
ar

ch
 s

ho
ul

d 
re

pl
ic

at
e 

th
e 

an
al

ys
is

 in
 la

rg
er

 s
am

pl
es

 o
f m

en
 w

ith
 fi

br
om

ya
lg

ia
. A

dd
iti

on
-

al
ly

, p
hy

si
ca

l fi
tn

es
s 

le
ve

ls
 d

iff
er

 b
et

w
ee

n 
gr

ou
ps

, m
ak

in
g 

it 
im

po
ss

ib
le

 to
 

m
er

ge
 th

em
.

W
ae

r e
t a

l. 
[3

6]
Im

pr
ov

ed
 c

og
ni

tiv
e 

an
d 

fu
nc

tio
na

l a
bi

lit
ie

s 
in

 m
id

dl
e-

ag
ed

 w
om

en
. 

Im
pr

ov
ed

 fu
nc

tio
na

l m
ob

ili
ty

, c
ar

di
ov

as
cu

la
r e

nd
ur

an
ce

, a
nd

 m
us

cl
e 

en
du

ra
nc

e 
in

 w
om

en
 in

 th
ei

r m
id

dl
e 

ye
ar

s.

O
nl

y 
19

 h
ea

lth
y 

m
id

dl
e-

ag
ed

 w
om

en
 w

ho
 m

at
ch

ed
 c

er
ta

in
 in

cl
us

io
n 

cr
ite

ria
 

m
ad

e 
up

 th
e 

st
ud

y’
s 

m
od

es
t s

am
pl

e 
si

ze
. T

he
 fi

nd
in

gs
 m

ig
ht

 n
ot

 a
pp

ly
 to

 a
ll 

m
id

dl
e-

ag
ed

 w
om

en
 a

s 
a 

re
su

lt.
 A

dd
iti

on
al

ly
, t

he
 s

tu
dy

 d
id

 n
ot

 lo
ok

 a
t t

he
 

lo
ng

-t
er

m
 e

ffe
ct

s 
or

 p
ot

en
tia

l n
eg

at
iv

e 
co

ns
eq

ue
nc

es
 o

f c
aff

ei
ne

 c
on

su
m

p-
tio

n;
 it

 s
im

pl
y 

lo
ok

ed
 a

t t
he

 im
m

ed
ia

te
 e

ffe
ct

s 
of

 c
aff

ei
ne

 c
on

su
m

pt
io

n 
on

 
fu

nc
tio

na
l a

nd
 c

og
ni

tiv
e 

pe
rf

or
m

an
ce

.
Ch

oi
 e

t a
l. 

[4
5]

Th
e 

st
ud

y 
co

nc
lu

de
s 

th
at

 o
ld

er
 p

er
so

ns
 w

ith
 m

ild
 c

og
ni

tiv
e 

im
pa

irm
en

t 
be

ne
fit

 p
hy

si
ca

lly
 a

nd
 m

en
ta

lly
 fr

om
 g

ro
un

d 
ka

ya
k 

pa
dd

lin
g 

(G
KP

) a
ct

iv
ity

. 
Th

e 
st

ud
y 

fin
ds

 th
at

 G
KP

 e
xe

rc
is

e 
ca

n 
en

ha
nc

e 
po

st
ur

al
 b

al
an

ce
, m

us
cl

e 
pe

rf
or

m
an

ce
, a

nd
 c

og
ni

tiv
e 

fu
nc

tio
n 

in
 o

ld
er

 p
er

so
ns

 w
ith

 m
ild

 c
og

ni
tiv

e 
im

pa
irm

en
t.

M
os

t o
f t

he
 in

di
vi

du
al

s 
in

 th
e 

st
ud

y 
w

er
e 

fe
m

al
e 

(8
0%

), 
an

d 
ev

er
y 

su
bj

ec
t 

liv
ed

 in
 th

e 
sa

m
e 

ne
ig

hb
or

ho
od

, w
hi

ch
 is

 o
ne

 o
f i

ts
 d

ra
w

ba
ck

s. 
Th

e 
M

on
tr

ea
l 

Co
gn

iti
ve

 A
ss

es
sm

en
t w

as
 u

se
d 

to
 d

ia
gn

os
e 

m
ild

 c
og

ni
tiv

e 
im

pa
irm

en
t. 

A
s 

a 
re

su
lt,

 g
en

er
al

iz
in

g 
ab

ou
t o

ld
er

 p
op

ul
at

io
ns

 w
ith

 m
od

es
t c

og
ni

tiv
e 

im
pa

ir-
m

en
t i

s 
ch

al
le

ng
in

g.
Ca

rm
ac

k 
et

 a
l. 

[3
1]

Po
te

nt
ia

l a
dv

an
ta

ge
s 

of
 a

 d
ie

t a
nd

 e
xe

rc
is

e 
pr

og
ra

m
 b

as
ed

 o
n 

a 
pa

ir 
fo

r c
an

-
ce

r p
at

ie
nt

s 
an

d 
th

ei
r p

ar
tn

er
s. 

Th
e 

st
ud

y 
sh

ow
s 

th
at

 in
te

rv
en

tio
ns

 b
en

efi
t 

ca
nc

er
 s

ur
vi

vo
rs

 a
nd

 th
ei

r s
po

us
es

, w
ith

 im
pr

ov
em

en
ts

 in
 h

ea
lth

-r
el

at
ed

 
be

ha
vi

or
s 

an
d 

ou
tc

om
es

 s
ee

n 
in

 b
ot

h 
th

e 
CB

 a
nd

 S
O

 g
ro

up
s 

of
 s

ur
vi

vo
rs

.

Be
ca

us
e 

th
e 

m
aj

or
 o

bj
ec

tiv
e 

of
 th

e 
st

ud
y 

w
as

 to
 d

et
er

m
in

e 
w

he
th

er
 th

e 
lif

es
ty

le
 in

te
rv

en
tio

n 
w

as
 fe

as
ib

le
, o

ne
 o

f i
ts

 d
ra

w
ba

ck
s 

w
as

 th
e 

la
ck

 o
f s

ta
-

tis
tic

al
 p

ow
er

 to
 id

en
tif

y 
di

ffe
re

nc
es

 b
et

w
ee

n 
gr

ou
ps

 in
 o

ut
co

m
e 

m
ea

su
re

s. 
A

no
th

er
 n

ot
ew

or
th

y 
w

ea
kn

es
s 

of
 th

e 
st

ud
y 

w
as

 th
e 

pr
es

en
ce

 o
f n

um
er

ou
s 

se
co

nd
ar

y 
ou

tc
om

es
, m

ul
tip

le
 te

st
in

g,
 a

nd
 p

ot
en

tia
lly

 fa
ls

e 
si

gn
ifi

ca
nt

 d
iff

er
-

en
ce

s.
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Ta
bl

e 
3 

 (c
on

tin
ue

d)

St
ud

y
Re

su
lts

 a
nd

 b
en

efi
ts

Li
m

ita
tio

ns

Be
nt

on
 e

t a
l. 

[2
9]

Th
e 

st
ud

y 
pr

ov
id

es
 a

 b
et

te
r k

no
w

le
dg

e 
of

 th
e 

co
nn

ec
tio

n 
be

tw
ee

n 
m

us
cl

e 
lo

ss
 a

nd
 o

rt
ho

st
at

ic
 h

yp
ot

en
si

on
, w

hi
ch

 a
ls

o 
sh

ed
s 

lig
ht

 o
n 

th
e 

po
te

nt
ia

l 
co

nt
rib

ut
io

n 
of

 m
us

cl
e 

lo
ss

 to
 th

e 
em

er
ge

nc
e 

of
 o

rt
ho

st
at

ic
 h

yp
ot

en
si

on
 in

 
ol

de
r p

er
so

ns
. T

hi
s 

ca
n 

ai
d 

m
ed

ic
al

 p
ro

vi
de

rs
 in

 b
et

te
r u

nd
er

st
an

di
ng

 th
e 

ill
ne

ss
 a

nd
 c

re
at

in
g 

pr
ev

en
tio

n 
an

d 
tr

ea
tm

en
t p

la
ns

 th
at

 a
re

 m
or

e 
su

cc
es

s-
fu

l.

Th
e 

fa
ct

 th
at

 th
er

e 
w

er
e 

on
ly

 6
9 

pa
rt

ic
ip

an
ts

 in
 th

e 
st

ud
y 

m
ay

 li
m

it 
ho

w
 

br
oa

dl
y 

th
e 

re
su

lts
 m

ay
 b

e 
ap

pl
ie

d.
 T

he
 u

se
 o

f m
ed

ic
at

io
ns

, w
hi

ch
 m

ig
ht

 
im

pa
ct

 o
rt

ho
st

at
ic

 h
yp

ot
en

si
on

 in
 o

ld
er

 p
er

so
ns

, w
as

 n
ot

 p
ro

pe
rly

 c
on

-
tr

ol
le

d 
fo

r i
n 

th
is

 in
ve

st
ig

at
io

n.

Vi
lla

fa
in

a 
et

 a
l. 

[4
3]

W
om

en
 w

ith
 F

M
 s

ho
w

ed
 n

o 
ne

ur
op

hy
si

ol
og

ic
al

 d
iff

er
en

ce
s 

be
tw

ee
n 

ST
 a

nd
 

D
T.

 A
lp

ha
 a

nd
 b

et
a 

fr
eq

ue
nc

y 
ba

nd
s 

be
tw

ee
n 

th
e 

he
al

th
y 

an
d 

FM
 g

ro
up

s 
al

so
 s

ho
w

ed
 b

et
w

ee
n-

gr
ou

p 
va

ria
tio

ns
, w

ith
 lo

w
er

 v
al

ue
s 

of
 b

et
a 

an
d 

al
ph

a 
in

 th
e 

FM
 g

ro
up

.

Si
nc

e 
th

er
e 

w
er

e 
on

ly
 fe

m
al

e 
vo

lu
nt

ee
rs

, c
on

cl
us

io
ns

 c
an

no
t b

e 
ex

te
nd

ed
 

to
 F

M
-a

ffe
ct

ed
 m

en
. O

nl
y 

la
rg

er
 d

iff
er

en
ce

s 
m

ay
 b

e 
si

gn
ifi

ca
nt

 d
ue

 to
 th

e 
re

la
tiv

el
y 

lim
ite

d 
sa

m
pl

e 
si

ze
. A

s 
a 

re
su

lt,
 fi

nd
in

gs
 c

an
no

t b
e 

ge
ne

ra
liz

ed
, 

an
d 

m
or

e 
re

se
ar

ch
 in

 th
is

 a
re

a 
is

 re
qu

ire
d.

G
ill

i e
t a

l. 
[4

6]
Ag

e-
re

la
te

d 
fu

nc
tio

na
l p

er
fo

rm
an

ce
 a

nd
 fi

tn
es

s 
in

cr
ea

se
s 

ha
ve

 b
ee

n 
lin

ke
d 

to
 s

up
er

vi
se

d,
 c

en
te

r-
ba

se
d 

ex
er

ci
se

 p
ro

gr
am

s.
Th

e 
st

ud
y 

ex
cl

ud
ed

 a
 c

on
tr

ol
 g

ro
up

 d
ue

 to
 e

th
ic

al
 c

on
ce

rn
s. 

In
st

ea
d,

 a
 n

ov
el

 
ap

pr
oa

ch
 w

as
 c

om
pa

re
d 

to
 a

 c
la

ss
ic

 o
ne

. S
el

f-r
ep

or
te

d 
m

et
ho

ds
 w

er
e 

us
ed

 
to

 a
ss

es
s 

ph
ys

ic
al

 a
ct

iv
ity

, w
hi

ch
 m

ay
 b

e 
im

pr
ec

is
e 

fo
r d

et
er

m
in

in
g 

th
e 

am
ou

nt
 a

nd
 in

te
ns

ity
.

Bo
sh

nj
ak

ua
 e

t a
l. 

[3
0]

Yo
un

ge
r p

ar
tic

ip
an

ts
 p

er
fo

rm
ed

 s
ig

ni
fic

an
tly

 b
et

te
r i

n 
va

rio
us

 te
st

s, 
in

cl
ud

-
in

g 
bo

dy
 fa

t p
er

ce
nt

ag
e,

 S
M

M
, A

SM
M

, a
nd

 s
el

f-p
er

ce
iv

ed
 h

ea
lth

. I
m

pr
ov

e-
m

en
ts

 w
er

e 
ob

se
rv

ed
 in

 C
ST

, P
T 

fle
xi

on
, A

vg
P 

fle
xi

on
, A

vg
P 

ex
te

ns
io

n,
 

SM
M

, a
nd

 S
M

I. 
Th

es
e 

im
pr

ov
em

en
ts

 w
er

e 
ob

se
rv

ed
 fr

om
 th

e 
te

st
 to

 re
te

st
, 

in
di

ca
tin

g 
a 

si
gn

ifi
ca

nt
 im

pr
ov

em
en

t i
n 

ov
er

al
l h

ea
lth

.

W
ith

 a
 s

am
pl

e 
si

ze
 o

f 6
1 

pe
r g

ro
up

, a
 9

5%
 o

ne
-s

id
ed

 c
on

fid
en

ce
 li

m
it 

w
ith

 a
n 

IC
C 

of
 0

.8
0 

en
su

re
s 

a 
lo

w
er

 li
m

it 
of

 0
.6

5 
w

ith
 a

n 
80

%
 a

ss
ur

an
ce

 p
ro

ba
bi

lit
y.

D
un

ca
n 

et
 a

l. 
[2

6]
Lo

w
er

 b
od

y 
ph

ys
ic

al
 e

nd
ur

an
ce

, a
gi

lit
y,

 b
od

y 
fa

tn
es

s, 
an

d 
ca

rd
io

va
sc

ul
ar

 
di

se
as

e 
al

l o
ffe

r a
dv

an
ta

ge
s.

Th
e 

st
ud

y 
ha

d 
a 

sm
al

l s
am

pl
e 

si
ze

, a
nd

 m
or

e 
re

se
ar

ch
 w

as
 n

ee
de

d 
to

 u
nd

er
-

st
an

d 
ad

di
tio

na
l p

os
si

bl
e 

eff
ec

ts
 o

f p
ar

tic
ip

at
in

g 
in

 a
n 

ex
er

ci
se

 in
te

rv
en

tio
n.

W
oł

os
zy

n 
et

 a
l. 

[3
7]

In
 c

on
tr

as
t t

o 
co

nv
en

tio
na

l p
hy

si
ca

l a
ct

iv
iti

es
, D

M
T 

ha
s 

th
e 

po
te

nt
ia

l t
o 

be
co

m
e 

a 
un

iv
er

sa
l a

ct
iv

ity
 th

at
 c

an
 b

e 
m

od
ifi

ed
 fo

r a
ge

 a
nd

 p
hy

si
ca

l c
on

-
st

ra
in

ts
, a

nd
 th

ey
 c

an
 h

el
p 

im
pr

ov
e 

so
ci

al
 re

la
tio

ns
hi

ps
 a

nd
 m

en
ta

l h
ea

lth
. 

Ac
co

rd
in

g 
to

 th
e 

st
ud

y’
s 

fin
di

ng
s, 

D
M

T 
si

gn
ifi

ca
nt

ly
 im

pa
ct

s 
th

e 
de

ve
lo

p-
m

en
t o

f u
pp

er
 e

xt
re

m
ity

 fi
tn

es
s 

an
d 

ov
er

al
l f

un
ct

io
na

l p
er

fo
rm

an
ce

.

Th
e 

st
ud

y 
in

cl
ud

ed
 o

nl
y 

se
ni

or
s 

us
in

g 
m

an
ua

l w
he

el
ch

ai
rs

, e
xc

lu
di

ng
 th

os
e 

us
in

g 
el

ec
tr

on
ic

 w
he

el
ch

ai
rs

. T
he

 in
te

rv
en

tio
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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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