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Purpose: To investigate the effect of dynamic orthotic garments (Thera togs) on foot pressure distribution, postural control, and 
endurance in children with spastic diplegic CP.
Patients and Methods: This is a single-blind randomized controlled clinical trial involving 34 (8–10 years) with spastic diplegic CP. 
The control group received conventional physical therapy (CPT), whereas the study group received CPT in addition to wearing 
TheraTogs. We recorded foot pressure distribution, trunk control measurement scale, trunk position sense, Pediatric Berg Balance 
Scale (PBS), and six-minute walking distance (6MWD).
Results: Both groups showed improvement. The study group had significant improvement in foot pressure distribution (p-value 0.003, 
0.001, <0.001 for forefoot, midfoot, and rearfoot mean pressures respectively, and 0.005, <0.001, and 0.005 for forefoot, midfoot, and 
rearfoot peak pressures respectively), Pediatric balance scale, The trunk control measurement scale, and Trunk position sense (p-value 
< 0.001) and six-minute walking distance (p-value 0.029). Our data suggest that adding TheraTogs to conventional physiotherapy 
improves foot pressure, postural control, and endurance in children with spastic diplegic cerebral palsy.
Conclusion: Both TheraTogs and conventional physical therapy corrected foot pressure distribution, trunk control, improved balance, 
and increased 6MWD in children with spastic diplegic CP but the improvement was more significant in TheraTogs group.
Clinical Trial Registration: NCT05271149.
Keywords: children with disability, theratogs, foot pressure, balance score, orthotic devices

Introduction
Cerebral palsy is a common cause of disability in the pediatric population worldwide.1 It is the most common cause of 
motor disability in the United States.2 Cerebral palsy involves permanent non-progressive disorders of motor function 
and of movement and/or posture which may result from non-progressive disturbances in brain development occurring 
during fetal and/or infant life.3 It consists of a group of motor disorders leading to activity limitation and is usually 
associated with musculoskeletal and neurologic disorders4,5 including impaired muscle tone, movement, and reflexes, 
impairment of perception, sensation, behavior, cognition, communication, seizures, dyskinesia with or without sensory 
and mental deficits such as spasticity, contracture, and incoordination of movement.6
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Cerebral palsy is classified according to the number, type, and severity of neurologic disability.3 Spastic diplegia is 
the most common form of CP where lower limbs are more affected than upper limbs.2 The motor deficits and spasticity 
of lower extremities in the spastic diplegia form of CP lead to a special walking pattern characterized by equinus ankle 
position, exaggerated knee flexion with genu valgus, and increased hip adduction and internal rotation.4,5 In addition, 
abnormal muscle tone may lead to femoral torsion and compensatory tibial torsion which results in toe-in gait and crouch 
gait and thus decreases the stability during walking. Deformities of the long bones and foot deformities diminish the 
effectiveness of muscle action and produce a slow gait pattern with high-energy expenditure. In addition to sensory 
deficits including proprioception which may affect posture control.7,8 Children with spastic diplegic CP had balance 
problems compared to their healthy peers due to impaired neural motor control and musculoskeletal abnormality.9 

Children with CP lead a sedentary lifestyle with limited physical activity which contributes to impaired cardiorespiratory 
function.10 So, children with CP have a lifelong disability and need continuous care and assistance1 causing severe 
economic losses and serious inconveniences.11 The function and quality of life can be improved with proper treatment.12

Rehabilitation programs involving the use of flexible dynamic orthotic garments, such as TheraTogs, have been proposed to 
improve the ability to stabilize the posture, correct or prevent deformities, improve functionality, and enable the user to a more 
appropriate functional pattern. Conventional physical therapy was the available treatment. In recent decades, new treatment 
options are available as genetic therapy, robotics, and new technological devices for rehabilitation.13,14 One of the new devices 
used for rehabilitation is TheraTogs. It is a dynamic orthotic garment, composed of a “breathable”, light, Velcro-adhesive fabric. it 
provides a smooth passive strength, to correct imbalances or alignments through a combined system of the trunk and lower limbs, 
along with a system of custom outer straps.15 Few studies discussed the effects of TheraTogs on spatiotemporal gait, posture, foot 
pressure distribution, balance, and functional performance in children with CP.16,17 The effects of TheraTogs on plantar pressure 
distribution, postural control, functional performance, and cardiorespiratory endurance in children with spastic diplegic CP are 
still unclear. To our knowledge, no studies examined the effect of TheraTogs on trunk position sense or six-minute walking 
distance. There is lack of evidence to justify the use of TheraTogs in clinical practice in children with spastic diplegic CP.16 

Therefore, this study aimed to investigate the effect of TheraTogs on the modulation of foot pressure distribution, trunk control, 
trunk position sense, balance, and endurance in children with spastic diplegic CP to contribute to the clinical decision for using 
TheraTogs in rehabilitation programs. We hypothesized that the TheraTogs would have positive effects on foot pressure 
distribution, trunk control, balance, and thus functional performance in children with spastic diplegic CP.

Materials and Methods
Study Design
This is a single-blinded randomized controlled study. Children were randomized using the sealed envelopes method into two 
groups (Figure 1). All testing procedures were carried out by a blinded assessor independent of patients’ care. Before baseline 
measurements, all children were interviewed and familiarized with the assessment procedures and the protocol of the study.

Ethical Issues
The study was conducted according to the Declaration of Helsinki of 1964 and its later amendments, and approved by the 
Research Ethics Committee of the College of Medical Rehabilitation Sciences, Medina, Saudi Arabia (CMR-PT-2022- 
09). Informed consent was obtained from the parents or guardians of all children involved in the study. The clinical trial 
was registered in ClinicalTrials.gov, under the number NCT05271149.

Study Settings
The research was conducted between March 2022 and June 2022. Participants were recruited from the outpatient clinics 
of Medical Rehabilitation Hospital, Global Rehabilitation Center King Fahd hospital, Al Madinah Al munawarah, 
Medina, Saudi Arabia.
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Study Participants
A total sample size of 34 was determined to be enough to provide 80% power, after carrying out a pilot study on five participants 
using each of the two treatment methods (a total of 10 participants) and calculating the standard deviation of the foot pressure 
distribution, as the main outcome measure. We included children with spastic diplegic CP who have toe-in gait and had grade 1, 1+ 
degrees of spasticity according to the Modified Ashworth Scale (MAS),18 scores I and II on Gross Motor Function Classification 
System (GMFCS) scores,19 and the child can stand and walk independently. We excluded children who have impaired hearing or 
vision, or mental disability, those who had lower limb or spine surgery or Botulinum injections of the lower limb muscles within 
the preceding six months, those who have uncontrolled seizures during the past six months, and those with fixed deformities, 
dislocations or fractures of the spine or the lower extremities from the study.

Intervention
The control group included (17) children who received the conventional physical therapy program based on neurode-
velopmental techniques, proprioceptive training, facilitation of muscle contraction for the anti-spastic muscles, gentle 
stretching exercises for the tight muscles, gait training, addition to balance, and postural control exercises. This program 
was given for 1 hour, 3 days a week for 12 weeks. The study group involved (17) children who received the same 

Figure 1 Study flow diagram.
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program of conventional physical therapy given to the control group in addition to wearing individualized full-body 
TheraTogs orthosis (TheraTogs™ Inc., Telluride, USA). The child wore the orthosis 8 to 10 hours a day during daily life 
activities for 12 weeks. The child’s guardians were trained and received a DVD recording, with a step-by-step 
demonstration on the fitting of TheraTogs®. Markings were made in TheraTogs® to facilitate and improve fitting. All 
necessary support was offered, with weekly monitoring to control the fitting of the orthosis, as well as for possible 
questions or clarifications. A checklist for orthosis daily use was used to evaluate the actual time the child wore the 
orthosis and the parents were asked to apply the instructions for orthosis fitting they learned during each visit to ensure 
they followed the instructions at home (Figure 1).

Data Collection Instruments and Measurements
We recorded demographic data, weight, and height. Each child was evaluated for primary outcomes (static and dynamic 
foot pressure distribution of both feet and postural control outcomes) and secondary outcomes (six-minute walking 
distance) before and after 12 weeks of the treatment. A single-blinded assessor performed all measures.

Foot Pressure Distribution
Foot pressure distribution is used to observe the abnormal alignment of the lower limbs and body weight transmission across the 
lower extremities and foot.20 Dynamic plantar pressure measurements were performed using a pressure platform (FDM-S, Zebris 
Medical GmbH, Germany). The sampling frequency was set at 100 Hz for dynamic measurements. The platform was used to 
measure peak and mean plantar pressure for each sub-region of the foot (forefoot, mid-foot, and rear-foot) expressed in kPa. Data 
presented are for the dominant foot identified by asking the child to kick a football while standing.

Trunk Position Sense
Active position sense of the trunk was assessed using a digital goniometer. Each participant was passively moved to the target 
position of 30° trunk flexion; they were instructed to hold and memorize this position for 10 seconds with eyes open to understand 
the test procedure. Once the practice trials were completed, the participant was brought to the neutral position and was instructed to 
replicate the target position as accurately as he or she could with closed eyes. Participant-perceived target position was measured 
using a digital goniometer with the reference point at the L1 lumbar spinous process.21

The Trunk Control Measurement Scale
We used the trunk control measurement scale (TCMS) to measure the trunk control. TCMS is proved to be a clinically 
comprehensive scale developed to assess the static and dynamic components of trunk control among children with spastic 
CP.22 The TCMS comprises 15 test items measuring both static and dynamic components of the trunk control in sitting. 
The maximum value for the total TCMS is 58 points (20 for the category “static sitting balance”, 28 for “selective 
movement control”, and 10 for “dynamic reaching”).23

Pediatric Balance Scale (PBS)
The PBS was used to determine the dynamic balancing abilities of children with CP. It is 14 items each item scored from 
zero to four and the maximum score is 56. higher scores are the best.24

Six-Minute Walk Test (6-MWT)
The test was performed between 2 lines set at a 30-meter corridor and the track was marked to measure the distance 
according to standard recommendations of the American Thoracic Society (ATS)25 and under the supervision of one of 
the researchers and the physiotherapist. Participants were instructed to wear comfortable clothing, shoes, and their splints 
(as appropriate), and they were allowed to use their walking aid/s as appropriate and rest if they felt tired. Participants 
were instructed to walk at their own pace as far as possible in six minutes. During the test, the observer verbally 
encouraged the children and gave them instructions about the remaining time. The distance was calculated to the nearest 
meter.
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Data Analysis
All statistical analyses were carried out using the statistical package for the social studies (SPSS, version 20; IBM, Chicago, IL, 
USA). Shapiro Wilk test was used to test the normality of outcome measurements. Normal distribution was observed on pre-test 
scores and demographic data. The t-test and Chi-square test were used for the comparison of participants’ characteristics between 
both groups. Plantar pressure distribution and the six-minute walking test were normally distributed so Mixed MANOVA was 
carried out to find out the effect of time, the effect of treatment, and the interaction between time and treatment for the Pediatric 
Berg Balance Scale, Trunk control measurement scale, and Trunk position sense we used the Mann–Whitney U-test to determine 
in-between-group differences and Wilcoxon Signed Rank test to determine within-group differences between pre-and post- 
training tests. The level of significance for all statistical tests will be set at a p-value less than 0.05.

Results
No significant difference was detected between both groups concerning age, sex, height, weight spasticity grades, or 
GMFCS (Table 1). All children attended the scheduled visits, and the study group used the orthosis as instructed.

Baseline Data
There was no statistically significant difference between the control group and the study group regarding mean foot 
plantar pressure (forefoot, midfoot, rear foot), Trunk position sense, and Trunk control measurement 6MWD at baseline 
(Table 2), and pediatric balance scale (Table 3).

Effect of Treatment
Mean Pressure of the Forefoot
The mean pressure of the forefoot significantly differed across both time points in both groups (Wilks’ Lambda = 0.01; 
F (1, 32)= 37.56, p ˂0.001). Both groups had significantly higher forefoot mean pressure following the treatment Wilks’ 
Lambda = 0.31; F (1.32)=8.43, p = 0.04). The study group showed significant improvement in forefoot mean pressure 
following treatment (Table 2); besides, there was a significant interaction between the treatment and the time (12 weeks) 
(Wilks’ Lambda = 0.32; F (1.32)= 10.763, p = <0.001).

Mean Pressure of the Midfoot
The mean pressure of the midfoot significantly differed across both time points in both groups (Wilks’ Lambda = 0.04; 
F (1.32)= 22.458, p ˂ 0.001). Both groups had significantly lower midfoot mean pressure following the treatment 
(Wilks’ Lambda = 0.35; F (1.32)= 7.10, p = 0.03). The study group showed significant improvement following 
treatment (p = 0.001; Table 2). There was a significant interaction between the treatment and the time (12 weeks) 
(Wilks’ Lambda = 0.29; F (1.32)= 11.19, p = 0.001).

Table 1 General Characteristics of Each Group

Variable Control group  
(N=17)

Study group  
(N=17)

Test Sig.

Age (Year) mean±SD 8.33±0.61 8.57±0.73 1.14a 0.26

Sex: (Male/Female) n (%) 11(65)/6(35) 9(53)/8(47) 0.49b 0.49

Weight (Kg) mean±SD 31.8±3.77 33.15±1.94 1.42a 0.16

Height (m) mean±SD 1.35±0.04 1.37±0.04 1.45a 0.16

Modified Ashworth Scale (1/ 1+) n (%) 10 (59)/7 (41) 9(53)/8(47) 0.12b 0.73

GMFCS [n (%)]

Level I 9(53) 10 (59)

Level I I 8(47) 7 (41) 0.12b 0.73

Notes: at-test; bChi-Square test. 
Abbreviation: GMFCS, Gross Motor Function Classification System.
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Mean Pressure of the Rearfoot
The mean pressure of the rearfoot significantly differed across both time points in both groups (Wilks’ Lambda = 0.03; 
F (1.32)= 19.89, p ˂ 0.001). Both groups had significantly higher mean pressure of rearfoot following the treatment 
(Wilks’ Lambda = 0.82; F (1.32)= 16.62, p ˂ 0.001). The study group showed significant improvement following 
treatment (Table 2). There was a significant interaction between the treatment and the time (12 weeks) (Wilks’ Lambda = 
0.34; F (1.32)= 5.94, p = 0.018).

Peak Pressure of the Forefoot
The peak pressure of the forefoot significantly differed across both time points in both groups (Wilks’ Lambda = 0.19; 
F (1.32)= 21.70, p ˂ 0.001). Both groups had significantly higher peak pressure of the forefoot following the treatment 

Table 2 Plantar Pressure Distribution Before and After Treatment in the Study and Control Groups

Baseline Post-Treatment

Control Group Study Group Sig. Control Group Study Group Sig.

Mean pressure Forefoot 78.14±14.96 72.08±15.41 0.25 90.21+18.24 111.96+20.67 0.003

Midfoot 69.12 ±10.27 76.11±21.24 0.23 63.99+13.67 46.32+13.42 0.001

Rearfoot 128.0±21.97 137.23±27.50 0.28 139.39±23.68 176.10±18.95 0.001

Peak pressure Forefoot 210.50±13.67 218.59±25.72 0.26 226.92±16.70 250.25±26.76 0.005

Midfoot 173.95±32.74 167.16±28.20 0.52 169.88±29.03 124.74±20.81 < 0.001

Rearfoot 279.66±27.34 278.21±32.94 0.89 289.92±24.71 321.97±36.78 0.005

6MWT 6MWD (meter) 320.55±26.67 328.44±25.9 0.39 356.81±25.95 378.67±29.85 0.029

Note: Data are presented as mean ± standard deviation. 
Abbreviations: 6MWT, Six-minute walking test; 6MWD, Six-minute walking distance; Sig, significance (p-value).

Table 3 Trunk Position Sense, Trunk Control Measurement Scale and the Pediatric Balance Scale at Baseline and Post- 
Treatment Within and Between Both Groups

Variable Control Group 
Median(IQR)

Study Group 
Median(IQR)

z-value p-value

Trunk position sense Baseline 6(2.5) 7(3) −1.07 0.29

Post-treatment 5(1.5) 3(1) −4.11 <0.001

Z −3.76 −3.70

P <0.001 <0.001

The trunk control measurement scale Baseline 38(3) 37(3) 0.20 0.84

Post-treatment 40(3) 43(3) 3.26 0.001

Z 3.71 3.65

P <0.001 <0.001

Pediatric balance scale Baseline 37(2) 36(2.5) −1.14 0.25

Post-treatment 39(1.5) 42(1) −4.81 ˂0.001

Z −3.79 −3.67

p ˂0.001 ˂0.001

Note: Data are presented as median. 
Abbreviation: IQR, interquartile range.
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(Wilks’ Lambda = 0.078; F (1.32) = 9.27, p = 0.003). The study group showed significant improvement following 
treatment (Table 2). There was a significant interaction between the treatment and the time (12 weeks) (Wilks’ Lambda = 
0.36; F (1.32)= 6.18, p = 0.04).

Peak Pressure of the Midfoot
The peak pressure of the midfoot significantly differed across both time points in both groups (Wilks’ Lambda = 0.23; 
F (1.32)= 21.703, p ˂ 0.001). Both groups had significantly lower midfoot peak pressure following the treatment (Wilks’ 
Lambda = 0.18; F (1.32)= 9.27, p = 0.003). The study group showed significant improvement following treatment 
(Table 2). There was a significant interaction between the treatment and the time (12 weeks) (Wilks’ Lambda = 1.32; 
F (1.32)= 6.35, p = 0.014).

Peak Pressure of the Rearfoot
The peak pressure of the rearfoot significantly differed across both time points in both groups (Wilks’ Lambda = 0.17; 
F (1.32)= 13.07, p = 0.001). Both groups had significantly higher peak pressure of the rearfoot following the treatment 
(Wilks’ Lambda = 0.14; F (1.32)= 4.50, p = 0.03). The study group showed significant improvement following treatment 
(Table 2). There was a significant interaction between treatment and time (Wilks’ Lambda = 0.39; F (1.32)= 5.03, p = 
0.028).

Six-Minute Walking Test
The six-minute walking distance (6MWD) significantly differed across both time points in both groups (Wilks’ Lambda 
= 0.06; F (1.32)= 33.73, p ˂ 0.001). Both groups had significantly higher 6MWD following the treatment (Wilks’ 
Lambda = 0.24; F (1.32)= 2.25, p = 0.033). The study group showed significant improvement following treatment 
(Table 2). There was a significant interaction between treatment and time (Wilks’ Lambda = 0.19; F (1.32)= 5.03, p = 
0.028) (Table 2).

Trunk Control Measurement Scale
The Wilcoxon test revealed that both groups had significantly higher TCMS scores following treatment (p˂0.001). 
A Mann Whitney U-test revealed that TCMS scores were significantly higher in the study group (median difference = 6, 
N = 17) compared to the control group (median difference = 2, N = 17, U = 51.00, z = 3.256, p = 0.001; large effect size 
r = 0.56) (Table 3).

Trunk Position Sense
The Wilcoxon test revealed that both groups had significantly lower trunk position sense scores following treatment (p ˂ 
0.001). A Mann–Whitney U-test revealed that trunk position sense scores were significantly lower in the study group 
(median difference = 4, N = 17) compared to the control group (median difference = 1, N = 17), U = 28.5, z = 4.11, p = 
0.033; large effect size = 0.704) (Table 3).

Pediatric Balance Scale
The Wilcoxon test revealed that both groups had significantly higher PBS scores following treatment (p ˂ 0.001). 
A Mann–Whitney U-test revealed that PBS scores were significantly higher in the study group (median difference = 6, 
N = 17) compared to the control group (median difference = 2, N = 17), U = 0.001, z = 4.81, p = <0.001; large effect size 
r = 0.8) (Table 3).

Discussion
Children with diplegic cerebral palsy have abnormal muscle tension resulting in medial femoral torsion which affects toe- 
in-gait and crouch gait and instability during gait. This misdirection of lower limbs decreases both muscle function and 
gait efficiency. Those children are at increased risk of falling during ambulation.8,11,26 Ambulation is an essential 
functional activity and about 54% of children with CP were unable to walk as reported by Kadhim and Miller.27 

Therefore, correction of lower extremities position and body balance is an important goal of physiotherapy.
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The main results of this RCT are improvement in plantar pressure loading, balance, and endurance in the study and 
control groups.

The results of this study showed that the foot pressure distribution of both the study and control groups significantly 
improved following 12 weeks of treatment (Table 2). Similar results were reported in children with CP diplegia who had 
significant abnormal foot pressure distribution and significantly reduced rearfoot contact compared to control.28 Abd El- 
Kafy et al found that physical therapy in different ways (strapping, orthosis) significantly improves gait and the effect 
was significant with Theratogs.29 Similar studies reported that dynamic elastomeric fabric orthosis reduced the crouch 
position in children with CP with no effect on postural control while standing statically for a short time.30 The ground 
reaction force (GRF) of the crouch position in children with CP is behind the knee axis, which promotes external knee 
flexion moment. The plantar flexor and knee extensor muscles in children with CP are not strong enough to overcome 
these GRFs around the axis of the knee.31

The improvement in foot pressure in the TheraTogs group in this study may be due to improved postural alignment. 
Wearing TheraTogs orthotic undergarment during physical therapy treatment assists muscle action by helping the 
correction of the soft tissues and muscle imbalance, and realigning the position of the joints.32 Similar results from 
previous studies stated that the use of soft orthosis can assist weak muscles and correct abnormal body positions or 
movement patterns from non-structural sources.33,34

The most interesting finding in this study is improved balance, trunk position sense, and trunk control post-treatment, 
and adding TheraTogs to conventional physiotherapy in the study group revealed significantly higher post-treatment 
postural control compared to the control group (p = 0.001) (Table 3). The improved postural control in the studied 
children may be attributed to several factors including reduced spasticity, increased muscle length, and increased 
proprioceptive stimulation as wearing TheraTogs provides support to hip muscles and improves force generated by 
gluteus maximus and gluteus medius muscles which helps orient these muscles to normal.16,35,36 TheraTogs was reported 
to exert a gentle, passive force to improve alignment via a combined trunk-extremities system. The application of 
TheraTogs could enhance joint stability and posture.16,36 This results in a unique biomechanical state and improved 
proprioception which in turn stimulates and modifies the neuro-sensory system and trains muscles to work with the 
modulated muscle tone, strength, and subsequently improved performance.37 A previous study in stroke patients and 
hemiplegia showed that wearing TheraTogs improved balance in the standing position. The enhanced proprioceptive 
awareness and postural alignment provide a sense of safety adding to postural control.38

TheraTogs strapping system could modify and manipulate components of the musculoskeletal and sensory systems to 
accomplish corrected biomechanical alignment, increase proprioceptive input which improves percept of correct spatial 
orientation, and increase trunk stiffness, which improves proximal stability and reduce the number of body segments 
needed to coordinate when trying to balance and move.6,39 it could be explained by the prolonged use of TheraTogs 
exerts a continuous inhibitory reflex for abnormal internal rotation and hip adduction in the spastic limb leading to 
improved action of agonist-antagonist muscle groups.38

In our study, we found that the six-minute walking distance was significantly improved in both groups following 
treatment. This finding is supported by the previous report34 which revealed significantly improved walking speed 
following the application of protocol including physiotherapy and TheraTogs in patients with hemiplegia. Physiotherapy 
and TheraTogs improve muscle activity and support which can improve walking distance.38 The improved 6MWD could 
be attributed to improved gait parameters and postural control which decreases energy consumption during walking.

A recent systematic review reported that dynamic orthosis has a positive effect on gait and the results were better with 
longer duration (12–18 weeks) and with orthosis as an add-on therapy to conventional rehabilitation programs.40 6MWT 
is a validated bedside tool for the measurement of muscle endurance.41 A study in multiple sclerosis reported that a six- 
minute walk test is more informative for the functional state than other gait parameters.42

Rehabilitation services utilization is a complex process and is related to several factors including social, economic, 
behavioral, and ecological factors. Children with CP need more care and the design of physical therapy programs is 
encouraged among this special category.43

This study introduced a new physical therapy technique that might lead to improved outcomes of rehabilitation 
programs. Besides, we studied the long-term effect of wearing TheraTogs.
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This study has some limitations that need to be further resolved in future studies, first, we used combined physical 
therapy with wearing TheraTogs in the study group so we cannot isolate the effect of TheraTogs. However, this limitation 
could not be overcome at the current time as we could not abolish the standard therapy for those in need. Second, the 
results of this study can be applied only to children with spastic diplegic cerebral palsy.

Conclusion
Both conventional physical therapy (CPT) and TheraTogs orthosis improve foot plantar pressure distribution, balance 
scale, and six-minute walking distance in children with spastic diplegic CP. TheraTogs is a useful add-on therapy to CPT 
programs and is superior to CPT alone in improving foot pressure distribution, achieving better balance, and longer 
6MWD. Further studies are warranted to investigate the effect of TheraTogs on physiologic muscle indices such as 
strength, energy expenditure, range of movement, and quality of life.
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The datasets generated and/or analyzed during the current study are available from the corresponding author upon 
reasonable request.
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