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Functional activity-based exercise for disability management in individuals with rheumatoid arthritis: a case series 
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ABSTRACT 

	Aims: To evaluate the effect of a 10-week exercise protocol specifically designed to prepare the individual to perform activities of daily living on the level of disability in individuals with rheumatoid arthritis (RA).
Place and Duration of Study: Hospital das Clínicas of the Federal University of Pernambuco (rheumatology outpatient clinic) and Physiotherapy School Clinic of the Federal University of Pernambuco; between May and December 2022.
[bookmark: _Hlk185144815]Methods: A case series included individuals aged 18–65 years, diagnosed with RA, and stable on medication for at least three months. Participants underwent pre- and post-intervention assessments after a 10-week protocol of 20 supervised sessions (twice weekly). Exercises included bridges, sit-to-stand, stair climbing, hand exercises, and gait training. Outcomes included disability (HAQ), upper limb function (DASH), fatigue (FSS), quality of life (SF-36), lower limb strength (30s-STS), and 6-minute walk test (6MWT) distance. Statistical analyses included descriptive statistics and Wilcoxon signed-rank tests (p<0.05).
Results: Ten participants (nine women), with a mean age of 53.1 ± 9.7 years and BMI of 31.2 ± 4.5 kg/m², completed the protocol. Significant improvements were observed in disability (HAQ: median pre=2.06, post=0.81; P=0.010), upper limb functional limitations (DASH: median pre=57.85, post=34.85; P=0.004), pain levels (P=0.003), and quality of life (SF-36 physical: +10.95, P=0.002; mental: +8.58, P=0.01).
Conclusion: A functional activity-based exercise protocol is feasible, easy to implement, and effective in reducing disability, pain, and improving quality of life in individuals with RA.
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1. INTRODUCTION

Rheumatoid arthritis (RA) is a chronic autoimmune disease primarily affecting the joints, particularly the hands, wrists, feet, and knees. While systemic manifestations such as rheumatoid nodules, pulmonary involvement and vasculitis can also occur, the disease significantly impacts patients’ quality of life (Radu & Bungau, 2021; Sparks, 2019).

RA significantly impacts the activities and participation of affected individuals. For instance, it affects daily routines, mobility, social activities, work, and leisure. In addition to the frequently present pain, it is also associated with chronic fatigue; complaints that directly affect patients’ perception of quality of life. Furthermore, it is linked to musculoskeletal deficits and a decline in physical function, contributing to higher disability levels in these individuals (Radu & Bungau, 2021; Sparks, 2019).

Non-pharmacological approaches have emerged over the past few decades as a cornerstone in managing RA symptoms and manifestations. Physiotherapy interventions have been established from recognizing the significant musculoskeletal deficits and their associated consequences as a pivotal component in enhancing and sustaining aerobic capacity and muscular strength among these patients (Conley et al., 2023; Sparks, 2019).
[bookmark: _Hlk197343352]
Although initial concerns existed that physical exercise might exacerbate inflammation in individuals with RA, numerous studies have demonstrated its efficacy in managing various RA symptoms, leading to its broad recommendation in non-pharmacological treatment guidelines (Conley et al., 2023; Katz et al., 2020). However, to the best of our knowledge, no studies have specifically investigated the effects of an exercise protocol designed to train functional activities in this population. Thus, this study aims to evaluate the effect of a 10-week exercise protocol specifically designed to prepare individuals to perform daily living activities on the disability level in individuals with rheumatoid arthritis.

2. material and methods

A case series, prepared following the recommendations of the CARE reporting guidelines (Gagnier et al., 2013).

2.1 Patients
The population was screened in the rheumatology outpatient clinic at the Hospital das Clínicas of the Federal University of Pernambuco (HC-UFPE). Eligible participants were individuals aged between 18 and 65 years, diagnosed with RA according to the criteria of the American College of Rheumatology (Arnett et al., 1988) or the ACR/EULAR 2010 (Aletaha et al., 2010), and who had not had any changes in their medication regimen in the previous three months. Exclusion criteria included: pregnancy, malignancy, severe comorbidities limiting physical activity (such as unstable angina, heart failure, uncontrolled cardiac arrhythmias, uncontrolled hypertension, severe respiratory conditions, uncontrolled epilepsy, or uncontrolled diabetes mellitus), wheelchair use, and joint surgery within the past six months.

Informed consent was obtained from all participants prior to their inclusion in the study. The study was conducted in accordance with the Declaration of Helsinki and was approved by the ethics committee under the following approval number: 5.381.169.

2.2 Researchers
The study was conducted by three researchers. Researcher A, a qualified physiotherapist with experience in rheumatology, performed participant screening and provided physiotherapy treatments. Researchers B and C were responsible for initial and final evaluations. Researchers B and C received comprehensive training and supervision to ensure consistency and accuracy of assessments.

2.3 Evaluation procedures
After signing the informed consent form, each participant underwent a baseline assessment at the UFPE School of Physiotherapy Clinic, the same location where the intervention protocol was conducted. A follow-up evaluation was performed after the completion of the protocol, with both assessments carried out by the same evaluator to minimize inter-rater variability.

The evaluation included the collection of sociodemographic data (age, sex, body mass index [BMI], education level) and clinical data (pain intensity [Visual Analog Scale - VAS] and disease activity [Clinical Disease Activity Index - CDAI]). Additionally, the following standardized tools were administered to assess functional capacity and quality of life: the Health Assessment Questionnaire (HAQ), the Disabilities of the Arm, Shoulder, and Hand questionnaire (DASH), the Fatigue Severity Scale (FSS), and the Medical Outcomes Study 36-Item Short-Form Health Survey (SF-36). Furthermore, the following physical performance tests were conducted: the six-minute walk test (6MWT) and the 30-second sit-to-stand test (30s-STS).

At each session, participants were also asked about the occurrence of adverse events or discomfort related to the exercises to monitor potential protocol-associated side effects. This inquiry was conducted verbally during every visit to ensure that any new or unexpected symptoms were properly documented.

2.4 Evaluation instruments
The HAQ is a self-report measure assessing functional limitations in daily activities. The total score ranges from 0 to 3, with 0 indicating no functional impairment, and 3 indicating total functional impairment (Maska et al., 2011).

The DASH consists of a self-report measure assessing symptoms and functional limitations related to the upper extremities. Higher DASH scores indicate greater disability, with a score of 0 representing no disability and 100 representing maximum disability (Angst et al., 2011).

The Fatigue Severity Scale (FSS) measures the physical, social, and/or cognitive effects of fatigue, such as function, work, and motivation. A higher score indicates greater fatigue (Hewlett et al., 2011).

The Medical Outcomes Study 36-Item Short-Form Health Survey (SF-36) is a generic health survey assessing physical and mental health domains. The score range for each domain (or component) varies from 0 to 100. Higher scores indicate better health (Busija et al., 2011).

The 30-second chair stand test (30s-STS) aims to assess the range of joint motion and muscle strength of the lower limbs. Participants performed as many sit-to-stand repetitions as possible in 30 seconds, with only complete repetitions counted (de Santana et al., 2014).

The six-minute walk test (6MWT) records participants walking as far as possible in six minutes. The distance covered was recorded in meters (de Santana et al., 2014).

2.5 Intervention protocol
The intervention protocol, administered by Researcher A, consisted of 20 physiotherapy sessions delivered over 10 consecutive weeks. Participants received two individual sessions per week, each lasting approximately 40 minutes, under the supervision of an experienced physiotherapist.

The exercise protocol was based on functional activities, mimicking real-life tasks. Each session began with a 6-minute warm-up, including 2 minutes of upper limb cycling and 4 minutes of stationary cycling. The core protocol comprised five exercises: bridge, sit-to-stand, step-up/step-down, object manipulation, and gait training. For each exercise, tasks were broken down into their simplest form, with progressive increases in both complexity level and repetition count every two weeks. A detailed description of the protocol can be found as an appendix to this paper.

Participants rested for one minute between repetitions, with flexibility to adjust rest periods as needed to accommodate individual needs and ensure exercise adherence.

2.6 Data analysis
The data collected from pre- and post-intervention evaluations were organized using Microsoft Excel. Subsequent statistical analyses were performed using GraphPad Prism version 10.0.2.

Descriptive statistics, including mean and standard deviation, were calculated for all variables. The Kolmogorov-Smirnov test was used to assess the normality of the data distribution. Given the non-parametric nature of the data, the Wilcoxon signed-rank test was utilized to determine statistically significant differences between pre- and post-intervention measurements. Statistical significance was set at a P-value < 0.05.

3. results

A total of 10 participants were included, nine women and one man. The mean age was 53.1±9.7, and mean BMI was 31.2±4.5. The sociodemographic data for each patient are shown in Table 1.

	[bookmark: _Hlk184627396]Table 1. Demographic and clinical data of patients.

	Patient
	Age
(years)
	Gender
	Education level
	BMI (kg/m²)
	Disease activity (CDAI)
	CDAI score

	1
	63
	F
	CPE
	31.68
	Moderate
	12

	2
	57
	F
	CPE
	29.20
	Moderate
	14

	3
	57
	F
	CHE
	30.10
	Moderate
	19

	4
	50
	F
	CHS
	33.40
	High
	35

	5
	62
	F
	CHE
	32.30
	High
	24

	6
	54
	F
	IEE
	25.78
	High
	22

	7
	30
	M
	CHS
	23.67
	Low
	9

	8
	45
	F
	IEE
	32.39
	High
	33

	9
	54
	F
	CHS
	35.50
	High
	28

	10
	59
	F
	CHE
	39.19
	Moderate
	19

	F: female; M: male; CPE: complete primary education; CHE: complete higher education; CHS: complete high school; IEE: incomplete elementary education; BMI: body mass index; CDAI: Clinical Disease Activity Index.



All patients completed the 20 protocol sessions. The most reported adverse effect was moderate joint and/or muscle pain (mean of 4 points on the VAS) on the day after care. The results of the different outcomes for each patient are summarized in tables 2 and 3.

	[bookmark: _Hlk183022197]Table 2. Pain, functionality and fatigue in evaluation and reevaluation.

	Patient
	VAS
	HAQ
	DASH
	6MWT 
(meters)
	30s-STS (repetitions)
	FSS

	
	PRE
	POST
	PRE
	POST
	PRE
	POST
	PRE
	POST
	PRE
	POST
	PRE
	POST

	1
	5
	0
	1.4
	0.5
	42.5
	15
	375
	390
	0
	16
	2.2
	1.6

	2
	9
	2
	2.9
	0
	70
	40
	55
	270
	5
	8
	5
	1

	3
	5
	0
	2.5
	0
	61.6
	2.5
	160
	260
	1
	12
	4.8
	2.5

	4
	6
	5
	1.4
	1.8
	40.8
	43.3
	190
	220
	2
	3
	3.4
	3.4

	5
	1
	1
	2.9
	0.6
	54.1
	10.8
	175
	175
	6
	6
	4.4
	5

	6
	9
	3
	1.3
	0.9
	41.6
	37.2
	90
	185
	10
	8
	4
	3.1

	7
	7
	4
	1.6
	1.3
	36.6
	32.5
	68
	100
	5
	9
	4.7
	6.3

	8
	10
	8
	2.8
	2.3
	81.6
	63.3
	40
	123
	2
	5
	6.1
	6

	9
	9
	2
	1.6
	1.5
	65
	48.3
	285
	170
	9
	4
	6.7
	6.2

	10
	8
	2
	2.8
	0.8
	86.7
	17.5
	80
	240
	4
	8
	5.8
	2.8

	Wilcoxon signed-rank test
	-5.0
	-0.66
	-22.90
	57.50
	3
	-0.55

	P-value
	0.003
	0.01
	0.003
	0.07
	0.13
	0.14

	PRE: evaluation before intervention; POST: evaluation after intervention; VAS: visual analogue scale; HAQ: Health Assessment Questionnaire; DASH: Disabilities of the arm. shoulder and hand; 6MWT: six-minute walk test; 30s-STS: 30-second chair stand test; FSS: Fatigue Severity Scale; significant P ≤ 0.05



	Table 3. Quality of life in evaluation and reevaluation (SF-36 scores).

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	Wilcoxon signed-rank test
	P-value

	PF
	PRE
	55
	15
	20
	40
	20
	35
	20
	15
	55
	15
	
	

	
	POST
	85
	65
	85
	75
	55
	55
	65
	25
	50
	60
	
	

	RP
	PRE
	25
	0
	0
	25
	0
	0
	0
	0
	0
	100
	
	

	
	POST
	100
	100
	100
	100
	25
	0
	0
	0
	0
	21
	
	

	BP
	PRE
	45
	22.5
	25
	22.5
	57.5
	45
	32.5
	0
	22.5
	21
	
	

	
	POST
	84
	57.5
	100
	55
	57.5
	45
	45
	22.5
	45
	45
	
	

	GH
	PRE
	55
	5
	15
	60
	35
	55
	15
	25
	40
	15
	
	

	
	POST
	52
	40
	55
	55
	45
	80
	15
	15
	40
	60
	
	

	PCS
	PRE
	40.3
	23.7
	23.8
	35.7
	30.9
	31.2
	25.8
	19.9
	30.0
	24.2
	[bookmark: _Hlk149550964]10.95
	[bookmark: _Hlk149550976]0.002

	
	POST
	53.9
	46.4
	53.8
	47.7
	34.8
	36.6
	28.7
	29.9
	32.9
	47.3
	
	

	VT
	PRE
	60
	25
	5
	55
	55
	20
	45
	15
	25
	50
	
	

	
	POST
	80
	55
	80
	50
	50
	40
	65
	20
	50
	65
	
	

	SF
	PRE
	100
	62.5
	50
	75
	37.5
	50
	25
	12.5
	50
	12.5
	
	

	
	POST
	100
	87.5
	62.5
	75
	12.5
	87.5
	75
	12.5
	50
	87.5
	
	

	RE
	PRE
	100
	0
	0
	100
	0
	0
	100
	0
	66.7
	66.6
	
	

	
	POST
	100
	100
	66.7
	100
	0
	100
	100
	33.3
	0
	100
	
	

	MH
	PRE
	72
	28
	8
	75
	35
	36
	68
	0
	52
	32
	
	

	
	POST
	88
	88
	80
	76
	48
	80
	72
	20
	36
	84
	
	

	MCS
	PRE
	50.5
	31.3
	18.7
	48.9
	31.7
	28.4
	41.1
	15.8
	35.3
	31.6
	[bookmark: _Hlk149550999]8.58
	[bookmark: _Hlk149551015]0.01

	
	POST
	57.3
	52.3
	51.8
	49.0
	32.4
	47.9
	47.5
	26.1
	31.7
	53.6
	
	

	SF-36: Medical Outcomes Study 36-Item Short-Form Health Survey; PRE: evaluation before intervention; POST: evaluation after intervention; PF: Physical Functioning; RP: Role-Physical; BP: Bodily Pain; GH: General Health; VT: vitality; SF: Social Functioning; RE: Role-Emotional; MH: Mental Health; PCS: physical component summary; MCS: mental component summary; significant P ≤ 0.05



4. discussion

This study investigated application of a functional, activity-based exercise protocol designed to address common impairments in patients with RA. The protocol proved feasible for implementation in a clinical setting and demonstrated benefits for participants regarding disability, pain, and quality of life.

The difference for the HAQ (disability) was both statistically (p=0.01) and clinically (-0.66) significant (Ward et al., 2015). These findings align with the application of motor learning theory in the implemented protocol, which posits that the optimal way to train a task is to break it down into simpler movements to be practiced individually before addressing the full complexity of the target task. This training approach may prove superior to purely aerobic or anaerobic training due to its specificity, as it serves as a stimulus that induces physiological adaptations at both functional and structural levels across multiple systems (Levin & Piscitelli, 2022).

When compared to the findings of Lourenzi et al. (2017) who applied an overall progressive resistance training protocol, the present study achieved a greater reduction in disability scores (-0.6625 vs. -0.18, p=0.030) (Lourenzi et al., 2017). Similarly, while Lange et al. (2019) implemented an aerobic and resistance exercise protocol in older adult patients, their findings (-0.063, p=0.2) did not reach statistical significance, contrasting with the results of the present protocol (Lange et al., 2019).

Although a statistically significant reduction in participant pain was observed, this finding contrasts with existing literature, which generally reports limited or no significant improvements in pain following exercise-based interventions (Lourenzi et al., 2017; Manning et al., 2014). This discrepancy may be attributed to the unique focus of the present protocol, which emphasized task-specific exercises designed to integrate stability and mobility, rather than traditional approaches like resistance or aerobic training. By prioritizing functional movement patterns, the protocol likely enhanced movement efficiency and overall function, potentially contributing to the observed reduction in pain (Shumway-Cook & Woollacott, 2010).

The improvement in perceived quality of life was statistically significant in both the physical and mental domains, aligning with findings from the review by Hernández-Hernández and Díaz-González (2017), who reported that physical exercise can influence improvement in quality of life in patients with RA (Hernández-Hernández & Díaz-González, 2017). Moreover, the differences observed (10.95 for PCS and 8.58 for MCS) exceeded the MDCI thresholds of 4.4 and 4.7, respectively (Kosinski et al., 2000). These positive effects may be attributed to a reduction in disability and pain, which can enhance individuals’ perception of their own quality of life.

No statistically significant difference was observed in fatigue levels (FSS), which may be attributed to the absence of aerobic exercises in the protocol - an intervention consistently recognized in the literature as most effective for reducing fatigue in RA patients (Hu et al., 2021). Additionally, the findings of this study differ from those of Durcan, Wilson, and Cunnane (2014) and Yentür et al. (2021), both of which incorporated aerobic exercises into their interventions, likely contributing to their positive outcomes on fatigue (Durcan et al., 2014; Yentür et al., 2021).

The lack of significant improvement in 6MWT results - contrasting with findings from Teuwen et al. (2024) and Zernicke et al. (2016), whose exercise-based protocols demonstrated significant gains in walking distance (Teuwen et al., 2024; Zernicke et al., 2016) - may similarly be attributed to the absence of aerobic exercise in the current study (a key component in the cited protocols), mirroring the fatigue outcome pattern.

The difference for the DASH questionnaire in the present study was significant and clinically important (-22.90), considering the MDCI of -10 points (Gummesson et al., 2003). These findings align with Manning et al. (2014), who reported similar improvements using an upper limb-specific exercise program in patients with RA (Manning et al., 2014). The results likely reflect the protocol’s focus on exercises tailored to upper limb and hand tasks, which may have enhanced the functional performance measured by the DASH questionnaire.

The 30s-STS results did not demonstrate clinically or statistically significant differences, diverging from the findings of Lange et al. (2019). This disparity may be attributed to methodological differences, as the protocol employed by Lange et al. incorporated targeted muscle-strengthening exercises and home-based activities between supervised sessions. In contrast, the present study prioritized enhancing the execution of functional tasks rather than focusing on isolated muscle strengthening, which may account for the observed differences in the outcomes (Lange et al., 2019).

As a case series, this study has inherent limitations, most notably the absence of a control group, which precludes definitive conclusions regarding the intervention's effects. We therefore recommend future randomized controlled trials to establish more robust evidence. Despite these limitations, the study yields promising results - particularly concerning disability outcomes - while offering a protocol designed for easy implementation even in resource-constrained rehabilitation settings.

5. Conclusion

In conclusion, this case series demonstrates that a functional activity-based exercise protocol can effectively improve disability, pain, and perceived quality of life in individuals with rheumatoid arthritis. Despite the limitations inherent to a case series, these findings underscore the potential of task-specific exercises and highlight the need for controlled clinical trials to validate these results in larger populations.
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APPENDIX

	Functional Activity-Based Exercise Protocol

	Exercise
	Week 1
	Week 2 - 4
	Week 5 - 7
	Week 8 - 10

	Warm-up
	4 minutes on the exercise bike and 2 minutes of warming up for upper limbs with a cycle ergometer

	Bridge
	Bridge (8x), combined with scapular adduction + shoulder flexion (holding small ball) + active toe and ankle mobility
	Bridge + hip abduction (miniband around knees) + shoulder flexion with scapula adduction (holding small ball) (8 repetitions)
	Bridge associated with pelvic rotation to both sides*
Combined with scapular adduction + shoulder flexion (with miniband on the forearms) (8 repetitions)
	Bridge + hip abduction (miniband around knees) + shoulder flexion with scapula adduction (miniband around forearms, arms extended) with 10-second isometric hold at the top of the bridge (10 repetitions)

	Sit and stand
	Unloading weight on feet flat on the floor (10 repetitions)
	Semi-lifting from the chair, with hands free and maintaining the semi-raised position for five seconds, returning slowly (8x)
	Sitting and getting up from a chair with your hands free (10x)
	Sit down and get up from a chair with your hands free, maintaining isometry at two times: in the middle of the sitting movement and in the middle of the getting up movement (five seconds each time) (10x)

	Stair Climbing Exercises
	Go up and down a step, associating isometric contraction, that is, maintaining position in the middle of the forward movement for three seconds (8x for each lower limb)
	Go up and down three steps (8 repetitions in the second week, 10 repetitions from the third week onwards)
	Climbing up three steps and going down the ramp (8 repetitions in the fifth week, 10 repetitions from the sixth week onwards)
	Going up the ramp, going down the steps – returning up the steps and going down the ramp (8 repetitions in the eighth week, 10 repetitions from the ninth week onwards)

	Reaching and moving an object on a diagonal line
	Sitting on a chair, reach for a ball thrown from a short distance by the researcher (10 repetitions)
	Sitting on a chair, facing a backrest, carry a 0.5kg ankle strap diagonally from a bar at knee height to a bar at shoulder height (10 repetitions)
	Standing in front of a backrest, carry a 1.0 kg ankle strap diagonally from a bar at knee height to a bar at shoulder height (8 repetitions in the fifth week, 10 repetitions from the sixth week onwards)
	Standing in front of a backrest, carry a 2.0 kg ankle bracelet diagonally from a bar at ankle height to a bar above your head, standing on tiptoe in this movement (8 repetitions in the eighth week, 10 repetitions from the ninth week onwards)

	Walking circuit
	Start sitting, get up and walk to the cone  walk around the cone and return (8 repetitions)
	From sitting, get up and start walking  go up and down on the step  walk around three cones  return following the same path until you sit down again (10 repetitions)
	From sitting, get up and start walking  go up and down on the step  step over two poles (elevating your feet)  walk around three cones  return following the same path until you sit down again (8 repetitions in the fifth week,10 repetitions from the sixth week onwards)
	Perform the same route as the previous cycle, however holding a 1.0 kg ankle bracelet in each hand (10 repetitions)

	Hand Exercises (exercise block)
	1. Flexion and extension of the fingers without resistance, mobility (10x on each hand)
2. Abduction and adduction of the fingers without resistance, mobility (10x on each hand)
3. Movement of ‘winding’ and ‘unwinding’ a cylindrical object (spool) (8x)
	1. Patient moves ten pieces of wood from the stand to the table with one hand and from the table to the stand with the other.
2. Opening the fingers (from the closed hand) with a weak resistance theraband (10x on each hand)
3. Finger closure (from open hand) with weak resistance theraband (10x on each hand)
4. Movement of ‘winding’ and ‘unwinding’ a cylindrical object (spool) (10x)

	1. Patient moves ten pieces of wood from the support to the table with one hand and from the table to the support with the same hand (doing this for each hand).
2. Opening the fingers (from hand to fist) with moderate resistance theraband (10x on each hand)
3. Finger abduction with moderate resistance theraband (10x on each hand)
4. Wind the spool 5 times clockwise and 5 times counterclockwise
	1. Flexion and extension of fingers with strong resistance theraband (10x on each hand)
2. Finger opening (from closed hand) with strong resistance theraband (10x on each hand)
3. Finger closure (from open hand) with strong resistance theraband (10x on each hand)
4. Wind the spool clockwise 10 times and counterclockwise 10 times

	*The individual will perform the bridge exercise and when returning, they will take their lower limbs (with knees flexed and feet supported on the surface) in pelvic rotation to one side, return and take them to the other side; then repeat the bridge exercise and then the rotation exercise for the determined number of times








