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Abstract: Although there is growing evidence that kinesiophobia is correlated with temporomandibu-
lar disorders (TMD), its relationship with other characteristic TMD comorbidities, such as depression,
anxiety, functional limitations, and pain in the TMD population, has rarely been investigated. This
study aims to evaluate the relationship between kinesiophobia, emotional state, functional state
and chronic pain in subjects both with and without TMD. A total of 94 subjects participated in the
study and were divided into two groups (47 subjects each)—TMD (subjects with temporomandibular
disorders) and nTMD (asymptomatic controls)—on the basis of the RDC/TMD protocol. All measure-
ments were taken with self-administered questionnaires: TSK-TMD for kinesiophobia, PHQ-9 and
GAD-7 for psychoemotional state, JFLS-20 for jaw functional limitations, and GCPS for chronic pain.
The prevalence of kinesiophobia in the TMD group was 38.3% for moderate risk, and 61.7% for high
risk. The TMD group showed significantly higher scores in all categories (kinesiophobia, depression,
jaw functional limitations and chronic pain), with the exception of anxiety which was right at the
cut-off point. Moreover, a significant correlation was found between kinesiophobia (TSK-TMD)
and jaw functional limitations (JFLS-20). Results of this study could provide new insight into the
relationship between kinesiophobia and TMD, further improving the diagnosis process.

Keywords: kinesiophobia; temporomandibular disorders; TMD; functional limitations

1. Introduction

“Temporomandibular disorders” (TMD) is an umbrella term that refers to one of the
main causes of orofacial pain, which consist of a variety of symptoms: myofascial pain
or myalgia, intraarticular disorders (disc displacement with or without reduction) and
temporomandibular joint pain (arthralgia) [1]. Previous studies showed the prevalence
of TMD is between 3–12% in the general population [2–4], and indicated its etiology is
multifactorial and includes a wide range of physical and psychoemotional factors, such as
emotional stress, depression, anxiety, hormonal changes, occlusion etc. [5,6].

In responding to the emotional influence of TMD in recent years, some authors,
in citing its recognition as an important component of chronic pain [7,8], claimed that
kinesiophobia could also play a role in a broad spectrum of disorders in TMD.

Kinesiophobia, which is defined as the fear of movement, describes a situation where a
patient has an excessive, irrational, and debilitating fear of physical movement and activity,
which results from a feeling of vulnerability to painful injury or reinjury [9]. In TMD
subjects the fear of movement of the jaw may affect some essential primary activities, such
as eating, chewing, emotional expression, or communication [10]. Several studies assessed
kinesiophobia and catastrophizing levels in TMD subjects by using standardized tools such

J. Clin. Med. 2024, 13, 848. https://doi.org/10.3390/jcm13030848 https://www.mdpi.com/journal/jcm1



J. Clin. Med. 2024, 13, 848

as Tampa scale for kinesiophobia for temporomandibular disorders (TSK-TMD) [10–12],
with some showing a stronger correlation with painful TMD, compared to nonpainful
and control groups. On the other hand, other researchers found this relationship existed,
regardless of the existence of pain [10]. It is worth mentioning that the prevalence of
kinesiophobia in TMD has only been estimated in one previous study [11]; all other papers
investigated the differences between study and control groups, but without showing
actual prevalence.

In 2020, von Piekartz et al. [13] published official guidelines related to the international
consensus on the most useful assessment tools that physical therapists used to evaluate
patients with temporomandibular disorders and, in addition to other tools, recommended
PHQ, GAD, JFLS, GCPS, and TSK-TMD questionnaires. Despite the publication of guide-
lines, no papers have been, to date, been published that investigate the relationship between
kinesiophobia, emotional state, functional state and pain, and produce results that can
be compared to each other in one global project. While individual studies have tried to
address this question in different configurations, their use of different tools produced a
limited and selective analysis [10,14–17].

From a clinical perspective, it seems to be important to establish this relationship
because it may influence decisions about the therapy modalities that are in the patient’s
best interest. The presence of kinesiophobia may indicate a need for treatment to be
extended beyond just manual therapy.

In taking these different points into consideration, this study sought to (1) evaluate the
relationship between kinesiophobia and psychoemotional state, functional state and chronic
pain in subjects with temporomandibular disorders and healthy controls; (2) establish the
prevalence of kinesiophobia in the studied population.

2. Materials and Methods

2.1. Material

The study involved 94 subjects (aged: 27.14 ± 6.19) aged between 18–45 years-of-age,
which were included after providing their (written) consent to participate in the study of
temporomandibular joint disorders (orofacial pain, intraarticular disorders, masticatory
muscle pain) and associated symptoms. The study excluded those with rheumatoid dis-
eases (e.g., rheumatoid arthritis (RA) and ankylosing spondylitis (AS)), whose jaw had
previously been injured (e.g., bone fractures), whose temporomandibular joint ad been
injured (e.g., contusions, dislocations), who had undergone facial surgical procedures (e.g.,
orthognathic surgery, TMJ surgery), or who withheld their written consent and/or did not
fall into the study age range.

All participants were divided into two groups based on the presence (TMD group)
or absence (nTMD group, i.e., control group) of temporomandibular disorders symptoms,
and this division was made on the basis of examination protocol taken from the research
diagnostic criteria for temporomandibular disorders (RDC/TMD). After unsuitable candi-
dates were excluded, the TMD group consisted of 47 subjects (10 males, 37 females) aged
27.5 ± 5.6, while the nTMD group consisted of the same number of participants (15 males,
32 females), who were aged 26.8 ± 6.8.

The subjects in the nTMD group did not present any TMD signs nor symptoms, while
the prevalence of different groups of symptoms in the TMD group was as follows: muscle
pain (Group I) 60% (28 subjects); intraarticular disorders (Group II) 100% (47 subjects);
temporomandibular joint pain 27.7% (13 subjects). The concurrence of two or more symp-
toms, which is very common in TMD patients [18–21], was also observed. The local ethical
commission approved the study (signature SKE01-30/2021), after revisions were made to
ensure the standards of the Helsinki Declaration, including all participants first providing
written consent, were met.
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2.2. Methods

After the RDC/TMD examination protocol was completed, all subjects were asked to
fill out questionnaires: the Tampa scale for kinesiophobia for temporomandibular disorders
(TSK-TMD), patient health questionnaire (PHQ-9), generalized anxiety disorder (GAD-7),
jaw functional limitation scale (JFLS-20) and graded chronic pain scale (GCSP). All of ques-
tionnaires are standardized and widely used in both clinical and research setups, and show
good diagnostic value when applied to the assessment of the TMD population [8,13,16,22].
The whole RDC/TMD examination protocol was performed by a TMD specialist with more
than a decade of experience.

TSK-TMD is an 18-item scale that measures levels of kinesiophobia (fear of movement)
in subjects with temporomandibular disorder symptoms. Likert scale 1–4 is used to deter-
mine the intensity of the situation in each question: 1—strongly disagree, 2—somewhat
disagree, 3—somewhat agree, 4—strongly agree. The total score is determined by summing
the items: the lowest possible minimum score was 18, and the highest possible maximum
was 72. The clinical classification of kinesiophobia was based on TSK-17 questionnaire cut-
off points proposed by other researchers, and assessed as low risk (<17 points), moderate
risk (17–37 points), and high risk (>37 points) [14,23,24].

Both PHQ-9 and GAD-7 questionnaires seek to assess the psychoemotional state of the
subject by establishing the level of depression and anxiety, respectively. PHQ-9 consists of
nine questions, which are each scored from 0 to 3 (possible maximum of 27 points in total)
and GAD-7 consists of seven questions with the same scoring rules (possible maximum
of 21 points). The cut-off point for both clinically significant depression and generalized
anxiety disorder is set at 10 points, and the time perspective of both questionnaires is set at
the last 14 days [25,26].

The next evaluative instrument used was JFLS-20, which seeks to identify any func-
tional limitations from the last 30 days. Subjects were asked to indicate the severity of
limitations of different activities, such as chewing different foods, swallowing, yawning,
mouth opening, etc., on a scale from 0 to 10, with 0 meaning “no limitation” and 10 “severe
limitation”. The global score is calculated via a algorithm proposed by [27].

The graded chronic pain scale (GCSP), which aims to assess pain levels from the last
six months, was the last questionnaire to be implemented. In this study, only the results
from the characteristic pain intensity (CPI) category will be used for further analysis [28].

2.3. Statistical Analysis

Data was analyzed using STATISTICA 13.0 (StatSoft). The Shapiro-Wilk test assessed
the distribution of variables and Levene’s test determined homogeneity of variance. Both
the T-test and Mann-Whitney U test were used. Effect sizes were assessed by applying
Glass’s rank-biserial correlation coefficient. Cohen observes the effect size is low if the
value of r varies around 0.1, medium if r varies around 0.3, and large if r varies over 0.5 [29].
An ANOVA for factorial designs was conducted, and Spearman’s rank correlation test was
also performed, with a significance level set at p ≤ 0.05.

3. Results

The level of kinesiophobia in all subjects from both groups was assessed, showing
there was nobody with a low risk of fear of movement. The results of the prevalence of
kinesiophobia in subgroups, taken from the TSK-17 cut-off points put forward by Lira et al.,
Wertli et al. and Dupuis et al. [14,23,24], are presented in Table 1.
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Table 1. Kinesiophobia prevalence in the TMD and nTMD groups.

TSK-TMD TMD Group nTMD Group

Level of
Kinesiophobia

Points
n = 47 n = 47

n % Mean ± SD n % Mean ± SD

low risk <17 - - - - - -
moderate risk 17–37 18 38.3 27.72 ± 6.37 44 93.6 21.50 ± 4.11

high risk >37 29 61.7 44.69 ± 6.27 3 6.4 47.00 ± 6.08

Legend: TMD group—patients with temporomandibular disorders; nTMD group—patients with no signs of
temporomandibular disorders; TSK-TMD—Tampa scale for kinesiophobia for temporomandibular disorders.

The analysis showed higher values in the TMD group. Significant differences were
observed in TSK-TMD, PHQ-9 and GCPS (CPI), and also in JFLS-20 levels between groups
(p < 0.001). The detailed results of this analysis are presented in Table 2.

Table 2. Kinesiophobia, emotional state, functional state, and chronic pain differences between the
TMD and nTMD groups.

Questionnaire

TMD Group nTMD Group

n = 47 n = 47

Mean ± SD Me CI 95% Mean ± SD Me CI 95% Z p R

TSK-TMD 38.19 ± 10.41 39.0 35.13–41.25 23.12 ± 7.56 21.0 20.91–25.35 6.03 <0.001 0.723
PHQ-9 7.38 ± 4.64 7.0 6.02–8.75 3.94 ± 3.74 3.0 2.84–5.04 3.78 <0.001 0.453
GAD-7 5.81 ± 4.87 5.0 4.38–7.24 4.15 ± 4.68 3.0 2.77–5.52 1.96 0.050 0.235
JFLS-20 1.08 ± 1.04 0.83 0.78–1.39 0.04 ± 0.15 0.0 −0.01–0.08 6.16 <0.001 0.737
GCPS (CPI) 24.89 ± 21.21 30 18.67–31.12 1.84 ± 7.35 0.0 −0.31–4.00 5.13 <0.001 0.615

Legend: TMD group—patients with temporomandibular disorders; nTMD group—patients with no signs of
temporomandibular disorders; TSK-TMD—Tampa scale for kinesiophobia for temporomandibular disorders;
PHQ-9—patient health questionnaire; GAD-7—generalized anxiety disorder; JFLS-20—jaw functional limitation
scale; GCPS (CPI)—GCPS graded chronic pain scale, CPI—characteristic pain Intensity score; CI—confidence
interval; Me—median.

In addition, no interactions between TSK-TMD × TMD × SEX (F(1, 90) = 0.033,
p = 0.856, η = 0.0003) were found. TSK-TMD levels in females were higher, compared to
males, but not at a statistically significant level (F(1, 90) = 0.053, p = 0.818, η = 0.0006). The
results showed that kinesiophobia levels were significantly different between TMD and
nTMD groups (F(1, 90) = 49.26, p < 0.01, η = 0.354). The results of the analysis are presented
in Figure 1.

 
Figure 1. TSK-TMD differences, divided by gender and TMD presence.
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Moreover, the TSK-TMD results were correlated with the functional limitations of
participants (p < 0.001, r = 0.621), but not with emotional state nor chronic pain intensity.
All results are shown in Table 3.

Table 3. Correlation coefficient values for kinesiophobia (TSK-TMD) levels.

PHQ-9 GAD-7 JFLS-20 GCPS (CPI)

TSK-TMD
r = −0.07; r = 0.022; r = 0.621; r = 0.101;
p = 0.639 p = 0.886 p < 0.001 p = 0.501

Legend: TSK-TMD—Tampa scale for kinesiophobia for temporomandibular disorders; PHQ-9—patient health
questionnaire; GAD-7—generalized anxiety disorder; JFLS-20—jaw functional limitation scale; GCPS (CPI)—
GCPS-graded chronic pain scale, CPI—characteristic pain intensity score.

4. Discussion

From a clinical perspective, there is a strong need to screen for kinesiophobia levels in
both TMD and nTMD subjects. It seems that the fear of movement is directly correlated
with pain intensity, as well as the patient’s emotional state. This study therefore aimed to
assess the kinesiophobia—psychoemotional state—functional state—pain relationship in
subjects with temporomandibular disorders and healthy controls. The second study aim
was to assess kinesiophobia prevalance in the studied TMD group.

The results showed that subjects with temporomandibular disorders (TMD group)
had significantly higher levels of kinesiophobia (Z = 6.03, p < 0.01, R = 0.723), depression
(Z = 3.78, p < 0.01, R = 0.453), chronic pain (Z = 5.13, p < 0.01, R = 0.615), and more
severe functional limitations (Z = 6.16, p < 0.01, R = 0.737), compared to the asymptomatic
group. Moreover, while TMD patients showed higher levels of anxiety (Z = 1.96, p = 0.05,
R = 0.235), the difference with the control group was borderline statistically significant.

The lack of interaction between TSK-TMD × TMD × SEX means that although women
show a higher levels of anxiety (compared to men), this difference is not statistically
significant. On this basis, it can be assumed that the TSK-TMD questionnaire can be used
in both women and men, without fear that one gender has a greater predisposition to
kinesiophobia. On the other hand, women experience TMD symptoms more often, and
also seek professional medical help more frequently (than men) [18,30,31]: both findings
suggest researchers should refrain from claiming definite conclusions, and highlight the
need for further research.

4.1. Kinesiophobia and Emotional Status

Although the connection between kinesiophobia and psychoemotional state has been
investigated before, only a few studies used TMD-dedicated tools (e.g., TSK-TMD and PHQ
questionnaires) [8,10] to assess kinesiophobia and depression levels (i.e., TSK-TMD and
PHQ questionnaires) [8,10], finding, in both cases, significant differences between groups
(painful TMD, nonpainful TMD, and control group). Other researchers who also assessed
emotional status and kinesiophobia in TMD patients by using different measurement tools,
such as the hospital anxiety and depression scale (HADS), reached similar conclusions [14].
The results of the current study are consistent with those obtained from previous stud-
ies, with the exception of the finding there is no correlation between kinesiophobia and
depression levels.

Another aspect of the analysis that should be emphasized is the fear of movement in
subjects with joint sounds (clicks due to disk displacement with reduction). Previous studies
produced contradictory results on this, but mostly supported this correlation [10,32,33].
Poluha et al., analyzed this extensively, and concluded that subjects with joint sound
(regardless of pain existence) showed higher kinesiophobia levels. The authors cited
these potential explanations for this phenomenon by using the following arguments put
forward by other researchers. First, it seems that the fear of movement is strongly related
to mechanical jaw problems, such as sounds or locking [9,34]; second, the pain sensation
of the click moment also influences this movement avoidance [35,36]; and finally, the
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movement-evoked pain conditions are commonly linked to fear of movement [37]. The click
sound creates a suspicion the joint is malfunctioning, even in patients without pain [38,39].
Another hypothetical explanation for this could be that joint sounds create a feeling of
embarrassment in patients, who therefore avoid movement, as stated by [33]. On the other
hand, only Lira et al. displayed no correlation between temporomandibular joint sounds
and kinesiophobia in TMD patients [14], but did not identify any possible causes.

The results of the current study are in accordance with the majority of the results avail-
able in the literature, as all of the participants experienced joint sounds, and simultaneously
showed higher kinesiophobia levels than controls.

The latest systematic review by Dupuis et al. [24] concluded there is a need for further
research that compares fear of movement to other similar constructs related to fear/anxiety
associated with pain (e.g., pain catastrophizing scale), and claimed this would settle the
validity of the TSK-TMD questionnaire. The current study tried to meet this demand by
inspecting the kinesiophobia—depression —anxiety —chronic pain relationship, but failed
to show a correlation. Moreover, anxiety levels between groups did not even reach the
level of significance, and were just above the cut-off point. This could be due to a number
of reasons, including the small sample size, the use of different diagnostic tools across
individual articles (for example, HADS in the case of depression), the lack of catastrophizing
assessment, and the correlation between emotional status and pain presented by others,
including [40]. The general consensus holds there is a connection between depression,
anxiety and pain perception. However, as the results of the current study did not show
significant anxiety level differences between groups, which could potentially influence the
emotional status—pain relationship indirectly, resulting in a lack of correlation between
kinesiophobia, depression, anxiety and pain in the studied group.

4.2. Kinesiophobia and Functional Limitations (JFLS)

Current results showed a significant correlation between TSK-TMD and the results of
JFLS-20, indicating that the functional limitations of TMD subjects increase with the level of
kinesiophobia. This is consistent with Kim et al., who suggest that fear of movement may
play an important role in mastication impairment [15], and even propose an innovation
based on the premise that it would be very useful to compare subcategories from each
questionnaire, meaning that jaw function, mastication, and communication for JFLS-20
would be compared with the kinesiophobia (low, moderate and high) risk expressed in
TSK-TMD. This is a novelty that future research should consider, and possibly implement.

Some authors conclude that patient-reported outcomes, such as pain perception, pain
catastrophizing, and kinesiophobia, are risk factors that seem to have more influence on
jaw function than psychological distress, such as depression and anxiety. Current research
also supports this by showing a significant correlation between TSK-TMD and JFLS, but
not with PHQ or GAD scores. This is another indication that the PCS questionnaire should
be used to explore the influence of catastrophizing on functional limitations.

Moreover, the cited study analyzed 145 subjects, more than the current study (94),
which could be an influencing factor.

4.3. Kinesiophobia and Chronic Pain (GCPS)

Pain perception is subjective and can be assessed in two ways, first after mechanical
induction by using an algometer; and second, with self-administered questionnaires (BPI
or GCPS). To date, no studies have investigated the kinesiophobia—pain relationship in
the TMD population by applying the Graded Chronic Pain Scale (GCPS). The results of this
current study showed no correlation between TSK-TMD and GCPS scores, in contrast to
previous studies that demonstrated kinesiophobia is a predictor of pain and disability in
TMD patients, and therefore has an important clinical significance in the assessment and
treatment of TMD [41]. The current study’s lack of significance could be due to the results
from the characteristic pain intensity (CPI), rather than the global score of the questionnaire,
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being used for statistical analysis. Future studies should perhaps use the global score, and
may well find it to be more informative.

4.4. Prevalence of Kinesiophobia in TMD

The prevalence of kinesiophobia in both groups (TMD and nTMD) was calculated
and presented, and the results showed that nobody in either group presented a low risk
of kinesiophobia. Most of the subjects in the TMD group presented a high risk of fear of
movement and the majority of the nTMD group presented moderate risk. Scores in the
TMD group were, in comparison to the controls, found to be significant in comparison with
the controls. One flaw of the kinesiophobia classification, which should be emphasized,
resulted in the cut-off points being taken directly from the TSK-17 classification with
17 questions, one less than the TSK-TMD. The risk levels were set at less than 17, 17–37 and
more than 37 points for low- moderate- and high-risk, respectively. The TSK-17 scale was
used because there are no TSK-TMD cut-off points in the literature.

This lack is both a limitation of this study and a signpost for future studies, as the
creation of subscales (based on cut-off points dedicated to TSK-TMD) that determine levels
of kinesiophobia would help to establish a risk assessment that could be used to classify
patients, and better address their treatment plans.

To the best of our knowledge, only one paper has, to date, showed prevalence of
kinesiophobia in the TMD population [11], in contrast to all the other studies cited in this
paper, which merely compare study and control groups. The study group of this one paper
only contained 28 subjects, whereas this study had 94, a figure that, while higher, still seems
low when generalization of the results to the entire population is considered. Given this,
future studies should consider larger study samples.

4.5. Summary

The diagnostics of kinesiophobia in temporomandibular disorder patients seems to
be crucial for future treatment selection, including the choice between manual therapy
(or physical therapy in general) and other modalities, such as psychotherapy, behavioral
therapy or drug administration.

Because the cause of the temporomandibular disorders is multifactorial, the approach
to this type of patient should be global and multidisciplinary. In addition to considering the
history of the TMJ and undertaking a clinical examination of it, an assessment of the levels
of kinesiophobia should also be undertaken, as this seems to be one of the most important
elements that affects patient performance. The identification of the risk factor could be a
potential indicator that is used for prognostic reasons in assessments of pain chronicity.

There are ongoing scientific projects that aim to lowering kinesiophobia levels by
searching for the most effective pain management and functional improvement tools that
can be offered on top of conventional TMD treatment. This is important to remember, given
that most of the studies cited in this paper only focused on depression and/or anxiety
treatment [42].

In conclusion, when kinesiophobia is involved, other specialists should be involved
in the multidisciplinary treatment team, as this will ultimately be in the best interests of
temporomandibular disorder patients.

4.6. Study Limitations

The findings of this study should be interpreted in light of its limitations, of which
the most important are the small sample size and the absence of the PCS questionnaire
assessing catastrophizing, which other researchers have shown to be correlated with
kinesiophobia, pain and functional limitations. If it was included, the analysis would
be even more complete.

A more general limitation is the lack of cut-off points directly dedicated to TSK-TMD
in the available literature. Due to this, the authors tried to adapt the scale with cut-off
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points from TSK-17 despite the strategy being, at the time of writing, unsupported and in
need of future validation.

5. Conclusions

This paper’s findings displayed significantly higher levels of kinesiophobia, emotional
state (except anxiety), functional state, and chronic pain in subjects with temporomandibu-
lar disorders, when compared to asymptomatic controls. A correlation between fear of
movement and functional limitations of jaw function, mastication, mobility, and communi-
cation was also shown.

All TMD and nTMD subjects included in the study showed moderate (38.8% and
93.6, respectively) and high risk (61.7% and 6.4% respectively) of kinesiophobia, and so the
prevalence was established at 100%; however, due to various factors, these results cannot
be generalized to the whole TMD population.

Further studies should address three of the main weaknesses of this study; first, the
study sample should be larger; second, the assessment of catastrophizing levels should
complement kinesiophobia characteristics in the TMD population; third, cut-off points
dedicated to the TSK-TMD questionnaire should be developed. The creation of subscales
that determine levels of kinesiophobia would help the risk assessment to classify patients,
and ensure their treatment plans are better addressed.
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Abstract: Objective: This research aimed to determine the efficacy of VR therapy in mitigating
symptoms of depression, anxiety, and stress among older adults following arthroplasty surgery
and to comprehend the influence of psychological improvement on changes in functional outcomes.
Methods: Utilizing a parallel-group randomized controlled trial design, the study involved 68 os-
teoarthritis patients who had recently undergone either total hip or knee arthroplasty. Subjects were
split into two groups. The experimental group underwent eight VR therapy sessions during their
rehabilitation, while the control group was given standard care. Assessments encompassed both
psychological and functional outcomes, with tools like the Hospital Anxiety and Depression Scale,
Perceived Stress Scale, and the Barthel Index, among others. The experimental group showcased
notable enhancements in both psychological and functional areas compared to the control group.
Results: A significant (p value of < 0.001) relationship was found between psychological progress
and functional recovery, indicating that psychological factors can serve as predictors for functional
outcomes. Conclusions: The findings emphasize the promising role of VR therapy as a beneficial
addition to the rehabilitation process for older adults’ post-hip and knee arthroplasty. The integration
of psychological interventions in standard rehabilitation practices appears valuable, but further
studies are needed to ascertain the long-term advantages of such an approach.

Keywords: elderly; rehabilitation; physical activity; mood disorders; virtual reality exposure therapy

1. Introduction

Osteoarthritis (OA) is currently the most prevalent degenerative disease of the muscu-
loskeletal system. It affects 53% of individuals aged 65+ globally, with a higher prevalence
among women [1]. OA of the knee and hip is the third most common musculoskeletal
disorder and is ranked as the 11th leading cause of disability worldwide [2]. OA gradually
diminishes the patient’s ability to be self-reliant, move freely, and engage in social life,
thus reducing the overall quality of life [3]. Individuals affected by OA are almost three
times more likely to experience very severe pain, and twice as likely to suffer from high
levels of psychological distress when compared to those without OA [4]. Many individuals
with osteoarthritis experience depression, with a rate of occurrence at 20% [5]. Specifically,
patients with both OA and depression have 38.8% higher direct medical costs than those
who only have OA [6]. OA can also greatly affect a person’s health, resulting in chronic
pain and functional limitations leading to decreased physical and mental well-being [7,8].

Similar biological pathways and neurotransmitters are responsible for both chronic
pain and psychological impairment like depression and anxiety. Chronic pain is frequently
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the catalyst that prompts individuals with osteoarthritis to seek medical attention [9].
Chronic pain, depressed mood, stress, and anxiety often occur together, with depression
being a frequent comorbidity of various chronic diseases, including OA [10,11]. When a
patient has both conditions simultaneously, the effectiveness of standard treatment for each
condition alone is decreased (e.g., individuals who have depression and anxiety report
more severe pain, greater physical impairment, increased postoperative opioid use, and a
lower rate of return to work than those without these mental health conditions) [12]. The
considerable number of people affected by osteoarthritis in society results in a significant
need for specialized treatment, which frequently surpasses the number of available ap-
pointments. As a result, the use of a waitlist is necessary. The public hospitals in Europe are
facing long delays, which have been aggravated by the SARS-CoV-2 pandemic, resulting
in extensive waiting time for specialist Orthopedic consultations [13]. This postponement
in medical care can cause symptoms to worsen and pain to increase. Additionally, it can
contribute to a deterioration in mental health (such as depression, stress, anxiety). This is
also observed after undergoing a surgical procedure [14].

In the past few decades, joint replacement surgery has become the primary method
of Orthopedic surgical treatment of advanced degenerative OA. This is especially true for
hip and knee joints. Starting the rehabilitation process immediately after hip and/or knee
replacement (total hip replacement—THR, total knee replacement—TKR) is crucial for
recovery. Primary interventions for post-operative rehabilitation concentrate on exercises
aimed at enhancing joint flexibility and strength, gait reeducation, and retraining functional
abilities to optimize independence in tasks such as transferring (from bed to chair, using the
toilet, exiting the shower/bath), personal hygiene (bathing and dressing), and broader daily
activities [15]. Unfortunately, despite compelling evidence on the link between physical
pain and mental well-being, psychological evaluation and intervention are not currently
perceived as standard practice in Orthopedic rehabilitation in Europe. Even if all patients
had access to the necessary resources to receive suitable treatment, there would still be
unaddressed demand due to a shortage of professionally trained mental health clinicians.

Virtual reality (VR) is a technological concept that allows its users to experience the full
immersion in a simulated world, providing them with a sense of actual presence through the
use of multimodal stimuli [16,17]. The application of VR-based rehabilitation in Orthopedic
surgery, especially in THR/TKR, has noticeably and significantly risen [18,19]. Several VR-
based protocols have been proposed for rehabilitation following TKR and THR [16,18–20].
However, none of the articles examined the effectiveness of VR-based interventions for
symptoms of stress, anxiety, and depression in patients with OA after THR or after TKR.
As a result of this research gap, this study was conducted to investigate the impact of VR
therapy on the severity of depressive symptoms, anxiety, and stress levels in OA patients
who had undergone rehabilitation following THR or TKR. The research hypothesis was
as follows: VR therapy has a beneficial effect on the mental and functional state of people
undergoing rehabilitation after lower limb arthroplasty. The primary purpose of this study
was to determine how effective VR therapy is in alleviating symptoms of depression and
anxiety, as well as in reducing perceived stress level in older adults who have undergone
arthroplasty surgery. Furthermore, the objective of the study was to evaluate the impact of
psychological improvements on changes in functional outcomes.

2. Materials and Methods

2.1. Study Design and Setting

The study took place at St. Hedwig of Silesia Hospital in Trzebnica (Poland) and was
designed as a parallel-group randomized controlled trial. Outcomes were evaluated at two
intervals: before and after the intervention, with an outcome assessor who was blinded to
the group assignments. Participants were evenly divided into two groups using the block
randomization method. The sequence for randomization was generated using computer
software, and participants were enrolled via sealed, sequentially numbered envelopes.
This allocation process remained confidential until the participants were registered and
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assigned to their respective groups. An independent researcher oversaw the randomization
to ensure that the assessors remained blinded throughout. While both the participants and
those delivering the intervention were aware of their group assignments during the trial,
there were no deviations from the planned intervention due to its context.

The study’s design adhered to the recommendations for phase three (VR3) of clini-
cal trials utilizing VR in healthcare, emphasizing the efficacy of the proposed treatment
compared to the control group [21]. The protocol was reviewed and approved by the
Bioethics Committee at the Wroclaw Medical University (Wroclaw, Poland) under the refer-
ence number 119/KB/2023. The study was registered in the ClinicalTrials.gov database
(NCT06002139). Participants provided written informed consent to partake in the research.

2.2. Participants

As illustrated in Figure 1, following an initial eligibility assessment, 68 participants
were randomly allocated to one of two treatment groups. The experimental group (VR
therapy group) consisted of 34 individuals. The remaining 34 participants constituted
the control group (CON group). The inclusion criteria specified participants who were
60 years or older and had recently undergone hip or knee joint arthroplasty surgeries. The
exclusion criteria included cognitive impairments hindering the independent completion of
research questionnaires, recognized consciousness disorders, a history of bipolar affective
disorder or other severe mental conditions, use of psychoactive drugs, ongoing psychiatric
or individual psychological treatments, contraindications to virtual reality such as epilepsy,
vertigo, or notable vision impairments, a functional status that restricts independent move-
ment (although Orthopedic aids like crutches or walkers were acceptable), and refusal to
partake in the study at any study stage.

Figure 1. CONSORT study flow diagram.

2.3. Interventions

Both groups underwent a four-week conventional rehabilitation regimen that encom-
passed two hours of kinesiotherapy (120 min, inclusive of gait training), thirty minutes
of ergotherapy, and three individualized physical therapy procedures such as laser ther-
apy, magnetic therapy, and electrotherapy, all tailored to address specific ailments and
requirements of each participant.
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In addition to their regular treatments, the VR therapy group underwent eight sessions
(20 min each, twice weekly) of immersive virtual reality therapy (VR therapy) using the
VRTierOne device by Stolgraf®, Stanowice, Poland. This system employed VR HTC VIVE
goggles (2017) and two controllers. The VRTierOne goal was to divert patients’ attention to
a serene virtual environment, allowing relaxation and fostering recognition of their psycho-
logical strengths. Sessions began with the patient at a garden door (Figure 2A). As the door
opened, the patient entered an evolving garden that became more vibrant each session.
Midway, participants colored a mandala using the controllers (Figure 2B). The therapeutic
impact of VRTierOne combined Erickson’s psychotherapy principles, calming music that
grew more uplifting over time, cognitive engagement through mandala coloring, and the
mood-enhancing green garden aesthetic rooted in Japanese design (Figure 2C). Therapy
included metaphorical communication and posthypnotic therapeutic suggestions [22]. The
music was crafted by a therapist–composer duo, and the immersive garden experience
aimed to uplift spirits. Further details on the VRTierOne’s principles can be found in our
prior work [23].

Figure 2. VRTierOne screenshots: (A) gate leading to the garden; (B) mandala coloring task; (C) deco-
rative elements of the garden.

2.4. Outcome Measures

Both primary and secondary outcomes were administered at the beginning and again
after a four-week treatment period. The primary outcome measures included the Hospital
Anxiety and Depression Scale (HADS) and the Perceived Stress Scale (PSS-10). HADS
is a 14-item self-report questionnaire designed to screen for anxiety (using the HADS-A
subscale, which comprises seven items) and depression (using the HADS-D subscale, also
with seven items) in patients in non-psychiatric settings. Both subscales have a cut-off
point of 8/21. The Cronbach’s α for the scale ranges from 0.78 to 0.93, and the test-retest
correlation stands at r = 0.80, as found by Bjelland et al. in 2002 [24]. The PSS-10 is a ten-
item scale assessing the stress an individual perceived over the past month. Its questions
are general, making it applicable to various subpopulations [25]. The items evaluate the
perceived unpredictability, uncontrollability, and overload in respondents’ lives. Scores
range from 0 to 40, with higher scores indicating greater perceived stress.

The secondary outcome measures included the Generalized Self-Efficacy Scale (GSES),
Barthel Index (BI), Rivermead Mobility Index (RMI), Tinetti’s Short Scale, Short Physical
Performance Battery (SPPB), the Perception of Stress Questionnaire (PSQ), and the Visual
Analogue Scale (VAS) for pain assessment. The GSES is a ten-item psychometric scale
assessing optimistic self-beliefs about coping with difficult demands [26]. It measures
the confidence one has in addressing a wide variety of stressful or challenging situations.
Scores on the GSES range from 10 to 40, with higher scores denoting stronger self-efficacy.
The BI, an ordinal scale, evaluates performance in daily living activities, with each activity
having an assigned point value [27]. With ten descriptive variables for daily activities and
mobility, a higher BI score indicates a greater likelihood of post-hospitalization independent
living. The RMI, derived from the Rivermead Motor Assessment Gross Function subscale,
quantifies mobility impairment [28]. It comprises 14 items spanning from simple tasks like
turning in bed to more demanding ones like running. Each item scores as either ‘unable’
(0) or ‘able’ (1), with a perfect score of 14 suggesting full mobility. Tinetti’s Short Scale, a
condensed version of the Performance-Oriented Mobility Assessment (POMA), gauges
a patient’s gait and balance. It rates patients based on tasks like moving from sitting to
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standing and maintaining an upright position for a set time, scored on a 3-point Likert
scale. The SPPB combines results from tests on gait speed, chair stands, and balance. It
yields a composite score between 0 (worst) and 12 (best), reflecting the overall physical
functionality in elderly subjects [29]. Lastly, the PSQ by Plopa and Makarowski is a 27-item
scale, with scores from 1 to 5 per item [30]. It assesses stress in areas such as emotional
tension, external stress, and internal stress. Overall stress perception scores range from 21
to 105, with a score above 60 indicating elevated stress perception.

2.5. Data Analysis

The required sample size for this study was determined using the G*Power 3.1.9.4
software (Heinrich Heine University Düsseldorf, Germany) [31]. Based on the results of
the primary outcome (the depression subscale of HADS) from our previous research on the
elderly population, we anticipated an effect size of 0.25, equivalent to a partial eta squared
of 0.06 [23]. Setting the significance level (α) at 0.05 and the statistical power (1 − β) at 0.95,
a total of 54 participants was deemed necessary to achieve statistical significance. Taking
into account an anticipated 25% dropout rate, we enrolled a sum of 68 participants.

Data were analyzed using JASP version 0.16.3 (University of Amsterdam, The Nether-
lands). Categorical variables were presented as frequency counts and percentages, while
continuous variables were summarized using mean and standard deviation (SD). The
Shapiro–Wilk test confirmed the normal distribution of the data. At the outset, baseline
demographic variables were cross-compared between groups via unpaired t-tests (for
continuous data) and χ2 tests (for categorical data). Intervention effects between groups
(pre- vs. post-intervention) were examined using an analysis of variance (ANOVA), com-
plemented by paired and unpaired t tests. The influence of psychological enhancement on
functional progress was investigated through Spearman correlation and stepwise linear
regression. A significance threshold was set at α < 0.05.

3. Results

3.1. Participant Characteristics

Out of 87 potential participants, 68 met the inclusion criteria and were randomized for
the study. Three participants dropped out: two from the VR therapy group and one from
the control group, all due to health complications requiring re-hospitalization (Figure 1).
Table 1 shows that there were no statistically significant differences between the VR therapy
and control groups at baseline.

Table 1. Participants baseline characteristics.

Variable Overall VR Therapy Control p Value

N 68 34 34 -
n (%) of women 42 (61.76) 21 (61.76) 21 (61.76) 1.00 b

Age, years 69.59 (6.16) 69.71 (6.82) 69.47 (5.52) 0.88 a

Body mass, kg 80.25 (16.08) 79.26 (16.60) 81.24 (15.72) 0.62 a

Body height, cm 167.69 (10.02) 166.76 (8.07) 168.62 (11.79) 0.45 a

Body mass index, kg/m2 28.54 (5.12) 28.46 (5.25) 28.62 (5.05) 0.89 a

Normal (BMI 18.5–24.9), n (%) 13 (19.12) 6 (17.65) 7 (20.59) 0.76 b

Overweight (BMI 25–29.9), n (%) 33 (48.53) 18 (52.94) 15 (44.12) 0.47 b

Obese (BMI > 30), n (%) 22 (32.35) 10 (29.41) 12 (35.29) 0.60 b

Arthroplasty area, n (%)
Hip 45 (66.18) 22 (64.70) 23 (67.65)

0.80 b
Knee 23 (33.83) 12 (35.30) 11 (32.35)

Marital status, n (%)
Married 46 (67.65) 21 (61.76) 25 (73.53) 0.30 b

Single 1 (1.47) 1 (2.94) 0 (0.00) -
Widowed 21 (30.88) 12 (35.29) 9 (26.47) 0.43 b
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Table 1. Cont.

Variable Overall VR Therapy Control p Value

Education, n (%)
Primary/vocational 27 (39.71) 13 (38.24) 14 (41.18) 0.80 b

Secondary 29 (42.65) 16 (47.06) 13 (38.24) 0.46 b

Higher 12 (17.65) 5 (14.71) 7 (20.59) 0.52 b

VR: virtual reality; BMI: body mass index; a t-test; b Chi-square test.

3.2. Effectiveness of the Interventions

Table 2 presents the time x group interaction based on ANOVA, whereas Table 3
illustrates mean values, SD, and the between-group mean difference. The VR therapy
group demonstrated significant improvements in their secondary outcomes compared to
primary outcomes and compared to the control group. Specifically, for the HADS, the VRT
group’s scores decreased by 57.8%, while the control group’s scores increased by 7.7%. This
resulted in a between-group difference of −8.66 (p < 0.001). Further analysis of variance
revealed a significant group × time interaction for HADS, indicated by an F value of 25.48,
effect size ηp2 of 0.29, and a p value of < 0.001. In the HADS-A assessment, the VRT group’s
scores decreased by 62.5%, while those in the control group declined by 2.9%.

Table 2. ANOVA results (time × group).

Outcome Mean Square F ηp2 p Value

Psychological outcomes
HADS 605.87 25.48 0.29 <0.001
HADS-A 156.29 21.23 0.25 <0.001
HADS-D 146.72 14.79 0.19 <0.001
VAS 53.95 30.88 0.32 <0.001
PSS-10 94.67 17.77 0.22 <0.001
GSES 837.89 47.85 0.43 <0.001
PSQ 4563.31 41.26 0.40 <0.001
ES 345.40 23.88 0.28 <0.001
IS 452.43 30.83 0.33 <0.001
ET 767.11 41.03 0.39 <0.001

Functional outcomes
Tinetti 92.01 44.79 0.42 <0.001
BI 3520.84 47.48 0.43 <0.001
RMA-GF 35.19 23.74 0.27 <0.001
SPPB 111.54 41.03 0.39 <0.001

HADS: Hospital Anxiety and Depression Scale; HADS-A: anxiety subscale of the HADS; HADS-D: depression
subscale of the HADS; VAS: visual analogue scale; PSS-10: Perceived Stress Scale; GSES: General Self-Efficacy Scale;
PSQ: Perception of Stress Questionnaire; ES: External Stress; IS: Internal Stress; ET: Emotional Tension; BI: Barthel
Index; RMA-GF: Rivermead Motor Assessment Gross-Function; SPPB: Short Physical Performance Battery.

The pronounced difference between the groups was −4.37 (p < 0.001). ANOVA for
HADS-A supported this with an effect size ηp2 of 0.25 (p < 0.001). For the HADS-D,
the VR therapy group’s scores decreased by 51.8%, whereas the control group increased
20.1%. This resulted in a significant between-group difference of −4.27 (p < 0.001). The
group × time interaction for HADS-D was pronounced, with an ηp2 of 0.19 (p < 0.001).
Lastly, regarding the PSS-10, the VR group’s scores decreased by 11.2%, while those of the
control group rose by 2.0%. The between-group difference for PSS-10 was −3.3 (p < 0.001),
with a group × time interaction marked by an F value of 17.77 and effect size ηp2 of 0.22
(p < 0.001).

A similar pattern emerged for secondary outcomes after treatment. The VR therapy
group displayed marked benefits over the control group in both psychological and func-
tional dimensions. In terms of psychological metrics, the VR group exhibited superior
improvements: VAS by 2.6 points (ηp2 = 0.32), GSES by 10.4 points (ηp2 = 0.43), PSQ by
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23.9 points (ηp2 = 0.40), ES by 6.6 points (ηp2 = 0.28), IS by 7.7 points (ηp2 = 0.33), and ET
by 9.7 points (ηp2 = 0.39). In the functional domain, the VR group surpassed the control:
Tinetti scores by 3.4 points (ηp2 = 0.42), BI by 21.2 points (ηp2 = 0.43), RMA-GF by 2.0
points (ηp2 = 0.27), and SPPB by 3.8 points (ηp2 = 0.39). All aforementioned differences
were significant with p < 0.001.

Table 3. Mean values (SD) of primary and secondary outcomes.

Outcome

VR Therapy (n = 34) Control (n = 34)
Between-Group
Comparison

Baseline
Post-
Treatment

p Value Baseline
Post-
Treatment

p Value
Mean
Difference

p Value

Psychological outcomes
HADS 13.15 (5.94) 5.55 (4.64) <0.001 13.88 (7.68) 14.94 (7.00) 0.02 −8.66 <0.001
HADS-A 7.35 (3.33) 2.76 (2.50) <0.001 7.56 (3.92) 7.34 (4.04) 0.72 −4.37 <0.001
HADS-D 5.79 (2.59) 2.79 (3.13) 0.004 6.32 (4.35) 7.59 (4.14) 0.06 −4.27 <0.001
VAS 5.27 (1.97) 0.88 (1.02) <0.001 4.35 (2.07) 2.59 (1.94) <0.001 −2.63 <0.001
PSS-10 24.94 (3.59) 22.15 (1.77) <0.001 25.18 (3.77) 25.69 (4.27) 0.14 −3.30 <0.001
GSES 28.59 (6.62) 38.70 (1.29) <0.001 30.74 (5.71) 30.41 (6.36) 0.88 10.44 <0.001
PSQ 59.32 (18.47) 35.73 (7.71) <0.001 54.59 (18.64) 54.91 (15.08) 0.94 −23.91 <0.001
ES 18.06 (6.33) 12.73 (3.38) <0.001 16.47 (6.03) 17.69 (4.97) 0.09 −6.55 <0.001
IS 19.56 (6.65) 11.30 (2.84) <0.001 18.94 (7.09) 18.38 (6.01) 0.42 −7.70 <0.001
ET 21.71 (7.20) 11.70 (3.85) <0.001 19.18 (6.52) 18.84 (5.41) 0.69 −9.67 <0.001

Functional outcomes
Tinetti 3.29 (2.42) 9.64 (0.96) <0.001 3.59 (2.50) 6.53 (2.27) <0.001 −3.41 <0.001
BI 54.56 (16.49) 93.94 (6.47) <0.001 56.18 (17.41) 74.38 (16.84) <0.001 −21.18 <0.001
RMA-GF 4.56 (2.35) 10.00 (1.00) <0.001 4.41 (2.55) 7.81 (2.47) <0.001 −2.04 <0.001
SPPB 2.62 (2.34) 9.12 (2.41) <0.001 2.88 (2.43) 5.59 (2.98) <0.001 −3.79 <0.001

HADS: Hospital Anxiety and Depression Scale; HADS-A: anxiety subscale of the HADS; HADS-D: depression
subscale of the HADS; VAS: visual analogue scale; PSS-10: Perceived Stress Scale; GSES: General Self-Efficacy
Scale; PSQ: Perception of Stress Questionnaire; ES: External Stress; IS: Internal Stress; ET: Emotional Tension;
BI: Barthel Index; RMA-GF: Rivermead Motor Assessment Gross-Function; SPPB: Short Physical Performance
Battery; SD: standard deviation.

3.3. Correlations and Predictors

Figure 3 depicts the linear correlation heatmap between the change in functional and
change in psychological outcomes. All examined parameters showed a significant positive
correlation, indicating that higher difference values in one outcome group corresponded
to higher values in the other. Notably, significant correlations were observed between
psychological parameter differences and SPPB differences (ranging from 0.47 to 0.61), BI
(ranging from 0.31 to 0.56), and Tinetti (ranging from 0.27 to 0.61).

Table 4 outlines the psychological predictors of functional improvement based on
stepwise regression results. For the change in BI, the change in HADS-A (B = 1.53) and
the change in PSS-10 (B = 1.53) explain 37% of its variance. This model is significant with
F = 18.39, p < 0.001. In the case of the change in Tinetti, the model explains 30% of its
variance, primarily driven by changes in GSES (B = 0.12) and HADS-A (B = 0.17), with
F = 13.25, p < 0.001. For the RMA change, the primary predictors are changes in GSES
(B = 0.09) and PSS-10 (B = 0.15), accounting for 26% of its variance and yielding F = 10.67,
p < 0.001. Finally, for the SPPB change, the key influencers are changes in GSES (B = 0.11)
and PSS-10 (B = 0.23). This model explains 40% of the variance, with F = 13.46, p < 0.001.
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Figure 3. Correlation heatmap. * p < 0.05; ** p < 0.01; *** p < 0.001.

Table 4. Psychological predictors for functional improvement (stepwise regression results).

Variable B Beta t p Value F R2

ΔBI <0.001 18.39 0.37
ΔHADS-A 1.53 0.42 4.06
ΔPSS-10 1.53 0.35 3.38

ΔTinetti <0.001 13.25 0.30
ΔGSES 0.12 0.36 2.96
ΔHADS-A 0.17 0.28 2.33

ΔRMA-GF <0.001 10.67 0.26
ΔGSES 0.09 0.34 2.88
ΔPSS-10 0.15 0.28 2.42

ΔSPPB <0.001 13.46 0.40
ΔGSES 0.11 0.29 2.47
ΔPSS-10 0.23 0.29 2.69
ΔHADS-A 0.18 0.26 2.32

HADS-A: anxiety subscale of the HADS; PSS-10: Perceived Stress Scale; GSES: General Self-Efficacy Scale;
RMA-GF: Rivermead Motor Assessment Gross-Function; SPPB: Short Physical Performance Battery.

4. Discussion

In recent years, numerous studies have substantiated the efficacy of VR in the context
of broadly defined rehabilitation [19]. These studies focused mainly on functional results,
i.e., mobility, strength, balance, or range of motion. However, there are no reports on
the use of VR to improve the psychological aspects of Orthopedic patients’ health, which
are important factors affecting the effectiveness of rehabilitation [32,33]. Building upon
previous research that has established the efficacy of VR interventions in the treatment
of psychiatric disorders, this study aimed to assess the effectiveness of VR therapy in
alleviating symptoms of depression and anxiety, as well as in reducing perceived stress
levels among older adults recovering from arthroplasty surgery.
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Our results showed significant improvements in all examined psychological outcomes
in the experimental group, while in the control group, the psychological status did not
change and the HADS total score even increased significantly. These findings are consistent
with our prior research across diverse rehabilitation domains. Employing the identical
procedure within the experimental group, we identified a noteworthy enhancement in
the patients’ psychological state [17,34]. Furthermore, within the study involving cardiac
patients, we also identified a significant increase in the HADS total score, HADS-Anxiety
score, and stress level score within the control group following rehabilitation [17]. These
findings hold significant implications, highlighting the need to integrate psychological
interventions alongside conventional rehabilitation programs.

Among the psychological outcomes assessed, we observed that perceived pain experi-
enced a significant reduction in both groups; notably, the experimental group exhibited
a significantly lower level of perceived pain. This study marks the first instance where a
noteworthy reduction in pain was achieved within the group utilizing VR therapy. Among
stroke patients, no significant reduction in pain was observed [34]. The observed correlation
could be attributed to the interplay between pain perception and depression and anxiety.
Higher levels of depression and anxiety disorders may lead to heightened pain sensitivity,
thereby contributing to the relationship [35]. Pain exerts a considerable influence on the
efficacy of rehabilitation programs. Notably, pain can serve as a potent motivational factor,
driving patients to actively participate in their rehabilitation. When patients experience
relief from or improvements in pain levels, they tend to exhibit greater adherence to pre-
scribed exercises and therapies. Moreover, patients who effectively manage their pain often
progress more expeditiously through their rehabilitation programs and are more inclined
to express higher satisfaction levels with the quality of care they receive [36,37].

Another significant consideration pertains to the correlation between mental well-
being and functional outcomes. Psychological disorders, encompassing conditions such as
depression, anxiety, and stress, possess the capacity to exert influence across diverse dimen-
sions of the recovery process. When characterized by heightened severity, these disorders
can encumber the efficacy of rehabilitation, extend the recovery time, and reduce the quality
of life experienced by patients [32,33,38,39]. Furthermore, numerous studies emphasize
the imperative to identify and address mental health issues as an integral component of
the rehabilitation process [40–42]. Therefore, the secondary objective of this study was to
evaluate how psychological improvements influence changes in functional outcomes.

Our findings revealed significant enhancements in the functional domain within both
study groups. Nevertheless, the results of a between-group comparison underline that the
VR group exhibited a notably superior performance compared to the control group. Fur-
thermore, the results indicated significant correlations, suggesting that greater differences
in psychological outcomes corresponded to higher functional outcomes. In addition, psy-
chological factors have been found to be significant predictors of functional improvements.

Depressive and anxiety disorders have been identified in the literature as potential
factors that can impede the efficacy of rehabilitation programs [12]. Nevertheless, it is
imperative to highlight the significance of self-efficacy, which was found to be an important
determinant of rehabilitation program success [43–45]. Patients who believe in their ability
to manage their condition, adhere to treatment plans, and achieve rehabilitation goals are
more likely to experience positive outcomes (i.e., improved function, pain relief, and a
higher quality of life). Additionally, patients with high self-efficacy may tend to experience
less anxiety and depression as they believe they can overcome the challenges posed by
their condition. It is noteworthy that our results revealed self-efficacy as a significant
predictor of functional domain improvement in patients. This underscores the importance
of integrating this often overlooked factor as an important parameter in the patient recovery
process assessment [43].

Our study possesses certain limitations that warrant acknowledgment. Notably, the
lack of a long-term outcome assessment in the context of recovery from arthroplasty surgery
constitutes our primary limitation. This limitation may impact the comprehensiveness
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of our findings, particularly in assessing the enduring effects of the VR therapy over
an extended period. Future research projects may benefit from incorporating follow-up
outcome assessments to provide a more thorough understanding of the intervention’s
efficacy and durability.

5. Conclusions

VR therapy emerges as a compelling therapeutic intervention for elderly patients
recovering from arthroplasty surgery, that has the potential to be considered as part of
standard treatment. The integration of VR therapy into conventional rehabilitation not
only enhances patients’ psychological well-being but also fosters improved functional
outcomes. The reduction of stress, anxiety, and pain, coupled with the enhancement of self-
efficacy, serves as positive prognostic indicators for patients, both during their rehabilitation
center stay and upon discharge. These factors are associated with an improved quality
of life, increased self-reliance, and sustained physical improvement. Before treatment,
patients often find themselves trapped in a vicious cycle where pain and limited mobility
worsen their mental health, resulting in decreased physical activity. This, in turn, further
deteriorates their functional status, quality of life, and long-term prognosis, potentially
leading to permanent disability. The application of our proposed treatment holds the
promise of breaking this cycle.
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Abstract: Patients with chronic kidney disease require intervention planning because their physical
function declines with worsening disease. Providers can work closely with patients during the
induction phase of dialysis. This single-center, retrospective observational study aimed to investigate
the rate of decline in walking independence during the induction phase of dialysis and the factors that
influence this decline, and to provide information on prevention and treatment during this period. Of
the 354 patients who were newly initiated on hemodialysis between April 2018 and January 2022, 285
were included in the analysis. The functional independence measure-walking score was used to sort
patients into decreased walking independence (DWI; n = 46) and maintained walking independence
(no DWI; n = 239) groups, and patient characteristics were compared. After adjusting for various
factors by logistic regression analysis, we observed that age, high Charlson comorbidity index (CCI),
C-reactive protein, and emergency dialysis start (EDS) were significant predictors of DWI. Even
during the very short period of dialysis induction, as many as 16.1% of patients had DWI, which was
associated with older age, higher CCI, higher inflammation, and EDS. Therefore, we recommend the
early identification of patients with these characteristics and early rehabilitation.

Keywords: initiation of dialysis; walking independence; rehabilitation

1. Introduction

Physical function plays a role in the life outcomes of patients undergoing dialysis.
Reportedly, sarcopenia status, which reflects low muscle mass, low muscle strength, or both,
is associated with the survival rate in dialysis patients [1]. This implies that it is important
for dialysis patients to maintain a high physical function. Moreover, the physical function
of dialysis patients gradually declines as the chronic kidney disease (CKD) stage progresses
from the conservative stage [2,3], and continues to decline after the introduction of dialysis.
Tamura et al. evaluated the functional status of patients with seven activities of daily living
(ADLs) and reported that approximately 60% of patients had a decline in functional status
at three months and approximately 75% at six months after dialysis initiation [4]. Goto
et al. also evaluated the functional status of 13 ADLs and instrumental ADLs (IADLs) and
reported a decline in functional status in approximately 50% of patients six months after
dialysis initiation [5]. In other words, the physical function of dialysis patients declined
further in increments of months after dialysis introduction.

Rehabilitation from an early stage after the introduction of dialysis may reduce the
decline in physical function. However, there are few reports on rehabilitation during this
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period. Therefore, it is necessary to first identify which patients develop functional decline.
This will allow us to identify patients who require intervention at an early stage. Therefore,
we focused on the induction phase of dialysis. During this phase, medical staff can work
closely with patients for a certain period daily and may be able to provide rehabilitation
interventions to prevent the decline in physical function. In addition, analysis of the factors
contributing to the decline in physical function during this period will enable intervention
from the early stages of dialysis induction. In this study, we focused on the degree of
walking independence, which reflects physical function and is greatly related to ADLs, and
aimed to clarify the changes in the level of walking independence during the induction
phase of dialysis and the factors that influence these changes in walking independence.

2. Materials and Methods

This retrospective observational study was based on a single-center medical record
survey. Patients newly initiated on hemodialysis at Hamamatsu University Hospital
between April 2018 and January 2022 were included in this study. Exclusion criteria
were as follows: patients who withdrew from hemodialysis due to improvement in renal
function after hemodialysis induction, patients who did not walk independently before
admission, patients who died during hospitalization, and patients who were not transferred
to maintenance dialysis for other reasons. All data were extracted from the patients’ medical
records. In this study, the induction phase of dialysis was defined as the period from just
before admission for dialysis induction to the time of discharge. This study was approved
by the Ethics Committee of Hamamatsu University School of Medicine (approval number:
22-035). Informed consent was obtained from all study participants.

Sex, age, height, weight, body mass index, medical history, blood data, length of
hospital stay, presence of emergency dialysis start (EDS), and rehabilitation were recorded
on admission. Blood data included creatinine, C-reactive protein (CRP), albumin, and
hemoglobin levels and estimated glomerular filtration rate on admission. EDS was de-
fined as the first dialysis session initiated within 24 h of nephrologist evaluation for life-
threatening reasons, in accordance with previous studies [6,7]. Rehabilitation consisted
primarily of strength training, aerobic exercise, and training in ADLs. Participants who
received at least one rehabilitation session with a physical or occupational therapist during
their hospitalization were counted as rehabilitation cases.

The Geriatric Nutritional Risk Index (GNRI) was used to assess nutritional impairment.
The GNRI was developed as a screening measure of the risk for morbidity and mortality of
disease in hospitalized older adult patients. The GNRI was calculated as (14.89 + albumin
(g/dL)) + (41.7 × body weight/ideal body weight) [8], and this nutritional assessment is
widely used in maintenance dialysis patients [9–11]. Nutritional impairment was defined
as a GNRI less than 92, in accordance with a previous study [12].

Comorbidities were identified and defined using the Charlson comorbidity index
(CCI) [13]. This score was developed to calculate predicted mortality from comorbidities
on admission. In accordance with previous studies, CCI was divided according to higher or
lower than the average [14]. High-CCI participants had a score of 4 or higher. In a previous
study of dialysis patients, participants with a CCI of 4 or higher were reported to have a
significantly higher mortality rate than those with a CCI of 3 or lower [15].

The gait item (functional independence measure (FIM)-walking score) of the FIM was
used as an index to assess walking independence. This rating chart was developed in the
U.S. as the Unified Data System’s capacity-loss rating method and reflects the patient’s
“ADLs” that are being done. The FIM-walking score was evaluated on a 7-point scale
ranging from independent to full assistance. This has been widely used in previous studies
for functional disability assessments [16–18]. To ensure the reliability of the assessment,
two physiotherapists (YH and WH) obtained the scores independently. Any discrepancies
between them were resolved through discussion and agreement. In this study, the FIM-
walking score was used to classify patients as having decreased walking independence
(DWI) or maintained walking independence (no DWI). DWI was defined as “a decrease
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in the FIM-walking score during the hospitalization period” or “an improvement in the
FIM-walking score during the hospitalization period but a decrease compared to just
before admission”.

Statistical Analysis

Descriptive statistics were used for demographic and disease-related data. Inferential
statistical analysis with t-test, chi-square test, and Mann–Whitney U test was performed
to examine differences in clinical disease information, patient demographics, nutritional
status, comorbidities, and blood data between patients with different walking independence
statuses. Univariate and multivariate logistic regression analyses were used to determine
factors affecting gait independence. Items with correlation coefficients >0.80 were excluded
to remove the effects of interrelated factors and multicollinearity between independent
variables. Independent variables were analyzed using two models. In Model 1, we entered
items of clinical significance from among variables that showed significant differences
(p < 0.001) between the two groups, referring to previous studies [1,19–21]. In doing so,
items that could be intermediate variables for causality (length of hospitalization, FIM-
walking score at hospitalization, number of rehabilitations) were excluded. Consequently,
age, CCI, CRP, and EDS were entered as independent variables. In Model 2, in addition
to the variables in Model 1, sex and nutritional disorders were included as potential
confounding variables [3,22]. Statistical significance was set at p < 0.05. IBM SPSS version
26 was used for data analysis.

3. Results

3.1. Characteristics of Participants

Of the 354 patients, 285 were included in the analysis, and 69 were excluded. After
classification, 46 patients were assigned to the DWI and 239 to the no DWI (Figure 1). The
mean age of the participants was 68.4 years (standard deviation (SD) = 14.4); 66.7% were
men, and 33.3% were women. Of the participants, 74.0% had hypertension, 41.4% had
diabetes, 33.0% had hyperlipidemia, and 43.2% had a history of cardiovascular disease. The
median length of hospitalization was 14 days, and 16.1% of the patients had DWI. From
admission to discharge, the percentage of FIM-walking score 1 decreased and the percentage
of 7 increased (Figure 2). Of the patients, 37.2% underwent EDS. Acute exacerbation of
CKD was the reason for EDS in 74.5% of cases, AKI in 17.0%, and other reasons in 8.5%.
Other reasons included sepsis and multiorgan failure. In addition, approximately 8% of
patients with planned dialysis start and approximately 30% of patients with EDS showed a
decrease in walking independence (Figure 3). Only 29.5% of patients were rehabilitated
during hospitalization. The mean GNRI was 78.2 (SD = 27.8), and 57.4% of the patients
were nutritionally impaired (Table 1).

Table 1. Patients’ characteristics (N = 285).

Variable N, Mean, Median

Sex
Male [N, (%)] 190 (66.7)
Female [N, (%)] 95 (33.3)

Age (years) 68.4 ± 14.4
Median length of hospitalization (days) 14 (12–28)
DWI [N, (%)] 46 (16.1)
Hypertension [N, (%)] 211 (74.0)
Diabetes mellitus [N, (%)] 118 (41.4)
Hyperlipidemia [N, (%)] 94 (33.0)
Previous history of CVD [N, (%)] 123 (43.2)
Number of rehabilitations [N, (%)] 84 (29.5)
Emergency dialysis start [N, (%)] 106 (37.2)
Creatinine (mg/dL) 7.7 ± 3.0
eGFR (mL/min/1.73 m2) 7.1 ± 6.3
Geriatric Nutritional Risk Index 78.2 ± 27.8
Malnutrition 159 (57.4)

Data are expressed as percentage in parentheses or as the mean ± SD or median (IQR). CVD, cardiovascular
disease; eGFR, estimated glomerular filtration rate. Nutritional impairment was defined as a GNRI less than 92.
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Figure 1. Selection of participants for analysis and assignment to the two groups.

Figure 2. Changes in FIM-walking scores between admission and discharge. On admission, 69% had
an FIM-walking score of 7, which increased to 74% at discharge. An FIM-walking score of 1 was
present in 12% of patients on admission, but decreased to 2% at discharge.
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Figure 3. Percentage of decreased walking independence (DWI) in all patients, patients with planned
dialysis start, and patients with emergency dialysis start (EDS). The figure shows the percentage
of patients with DWI. Walking independence decreased in 16% of all patients, 8% of patients with
planned dialysis start, and 30% of patients with EDS.

3.2. Differences between Patients with and without DWI

Patients with DWI were older (p < 0.001) and had a longer length of stay (p < 0.001).
They also had higher rates of rehabilitation (p < 0.001), EDS (p < 0.001), and nutritional
disorders (p < 0.05), and a high CCI (p < 0.001). Blood tests showed higher CRP levels
(p < 0.001) (Table 2).

Table 2. Differences between DWI and no DWI patients.

DWI
(N = 46)

No DWI
(N = 239) p-Value

Male [N, (%)] 35 (76.1) 155 (64.9) 0.139
Age (years) 78.5 ± 8.2 66.4 ± 14.6 <0.001 *
Height (cm) 158.0 ± 8.1 159.6 ± 9.4 0.287
Body weight (kg) 56.2 ± 10.0 61.2 ± 15.9 0.127
BMI (kg/m2) 22.5 ± 3.6 23.9 ± 5.1 0.213
Median length of hospitalization (days) 34 (26–64) 13 (12–22) <0.001 *
FIM-walking score at hospitalization < 6 [N, (%)] 27 (58.7) 31 (13.0) <0.001 *
Number of rehabilitations [N, (%)] 33 (71.7) 51 (21.3) <0.001 *
EDS [N, (%)] 32 (69.6) 74 (31.0) <0.001 *
Malnutrition [N, (%)] 31 (72.1) 128 (54.7) 0.034 *
High CCI [N, (%)] 37 (80.4) 108 (45.2) <0.001*
CRP (mg/dL) 0.43 (0.16–0.57) 0.08 (0.03–0.17) <0.001 *
Alb (g/dL) 3.5 (3.1–3.8) 3.5 (3.2–3.9) 0.145
Hb (g/dL) 9.4 (9.1–10.0) 9.6 (9.0–10.3) 0.645

Data are expressed as percentage in parentheses or as the mean ± SD or median (IQR). BMI, body mass index; EDS,
emergency dialysis start; CCI, Charlson comorbidity index; CRP, C-reactive protein; Alb, albumin; Hb, hemoglobin.
* Statistically significant.

3.3. Factors Associated with DWI

Univariate logistic regression analysis showed that a reduction in walking indepen-
dence was significantly associated with age (odds ratio (OR): 1.075, 95% confidence interval
(CI): 1.040–1.112), high CCI (OR: 4.987, 95% CI: 2.305–10.788), CRP (OR: 1.296, 95% CI:
1.142–1.471), EDS (OR: 5.097, 95% CI: 2.568–10.113), and malnutrition (OR: 2.139, 95% CI:
1.047–4.370). Multivariate logistic regression analysis showed that age (OR: 1.089, 95%
CI: 1.045–1.135), high CCI (OR: 4.540, 95% CI: 1.874–11.001), CRP (OR: 1.163, 95% CI:
1.049–1.291), and EDS (OR: 2.720, 95% CI: 1.217–6.080) remained significant predictors.
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Furthermore, after adjusting for factors in Model 2, age (OR: 1.123, 95% CI: 1.067–1.182),
high CCI (OR: 4.706, 95% CI: 1.768–12.522), CRP (OR: 1.180, 95% CI: 1.057–1.317), and EDS
(OR: 2.957, 95% CI: 1.239–7.059) remained significant predictors (Table 3).

Table 3. Factors related to decreased walking independence.

Univariate Regression Multiple Logistic

Model 1 Model 2

OR 95% CI p-Value OR 95% CI p-Value OR 95% CI p-Value

Age 1.075 1.040–1.112 <0.001 * 1.089 1.045–1.135 <0.001 * 1.123 1.067–1.182 <0.001 *
High CCI 4.987 2.305–10.788 <0.001 * 4.540 1.874–11.001 0.001 * 4.706 1.768–12.522 0.002 *
CRP 1.296 1.142–1.471 <0.001 * 1.163 1.049–1.291 0.004 * 1.180 1.057–1.317 0.003 *
EDS 5.097 2.568–10.113 <0.001 * 2.720 1.217–6.080 0.015 * 2.957 1.239–7.059 0.015 *
Sex (male) 0.580 0.280–1.201 0.142 0.839 0.336–2.093 0.706
Malnutrition 2.139 1.047–4.370 0.037 * 1.535 0.645–3.654 0.332

Multivariate logistic regression analysis. CCI, Charlson comorbidity index; CRP, C-reactive protein; EDS, emer-
gency dialysis start; OR, odds ratio; CI, confidence interval. Model 1: Variables with significant differences
(p < 0.001) that were clearly different between the two groups were selected. However, variables (length of
hospitalization, FIM-walking score at hospitalization, number of rehabilitations) that could be “intermediate
variables in a causal chain of causes and effects” were excluded. Model 2: Sex and malnutrition were used as
adjustment variables. * Statistically significant.

4. Discussion

In this study, we investigated the decline in walking independence during the in-
duction phase of dialysis and identified factors associated with this decline. The analysis
showed that 16.1% of the patients had DWI during the induction phase of dialysis, which
lasted approximately 14 days. Risk factors for DWI include older age, more severe comor-
bidities, higher inflammatory levels, and EDS. Interestingly, approximately 8% of patients
with a planned dialysis start also had DWI. This is an important finding as it indicates that
even patients in stable general conditions are at risk of a short-term decline in walking
independence.

Patients with CKD are more likely to have reduced ADLs through loss of muscle
mass, and the presence of CKD has been reported to be independently associated with
functional impairment, IADL impairment, and basic ADL impairment [23]. The prevalence
of sarcopenia in patients with CKD is high (approximately 50%) and is associated with
a reduction in physical function [24–26]. In addition, patients with CKD have decreased
muscle mass due to increased protein catabolism and nutrient loss due to dialysis, leading
to impaired ADLs and IADLs [27]. Similarly, during the induction phase of dialysis,
functional status decreases between three and six months after dialysis induction [4,5]. This
suggests that the physical function and ADLs of patients with CKD may deteriorate from
months to years after the introduction of dialysis.

On the other hand, this study focused on the induction phase of dialysis and, therefore,
examined an even shorter period, approximately 14 days. It is clinically important to
note that 16.1% of the patients had a decrease in walking independence during this short
period. Early rehabilitation after dialysis induction is a potential solution to this problem.
In patients with conservative CKD and those undergoing stable dialysis, exercise has
been shown to improve muscle strength, exercise tolerance, and quality of life [28,29]. The
effectiveness of early rehabilitation has been reported in other areas. Randomized controlled
trials of patients with acute stroke have reported that early rehabilitation intervention after
stroke onset was associated with a shorter time to independent ambulation and better
physical function and ADLs at three and 12 months [30]. Furthermore, early rehabilitation
of patients with acute nephrotic syndrome has been reported to improve their motor
endurance and SF-36 physical function items without adversely affecting their disease
status [31]. However, few studies have examined the effectiveness of rehabilitation during
the early post-dialysis period. In this study, only approximately 30% of patients received
rehabilitation. Patients immediately before dialysis induction showed a marked decrease in
physical activity due to uremia, fluid overload, and renal anemia. Thus, early rehabilitation

28



J. Clin. Med. 2022, 11, 6589

interventions to correct this decline in physical activity may be beneficial in preventing
disuse syndrome and maintaining ADLs.

Our study demonstrated that older age, severity of comorbidities, higher inflammatory
levels, and EDS were associated with decreased walking independence.

Generally, ADL independence in older adults decreases with age, which is also
true for dialysis patients [5]. In addition to aging, CKD is known to exacerbate frailty
and sarcopenia [32], and aging is a very important factor affecting ADLs in chronic
inflammatory diseases.

Population aging has led to an increase in the number of patients with comorbidities,
with approximately 65% of older people having three or more comorbidities [33]. The
CCI is the most commonly used measure to assess comorbidity and is also commonly
used in patients with conservative CKD and dialysis patients [34–36]. In dialysis patients,
CCI is a strong predictor of mortality, and in older patients with conservative CKD, a
higher comorbidity index is associated with functional decline [21,37]. Comorbidities
are associated with the severity of depression, anxiety, and fatigue, which reduce the
amount of physical activity in patients. This may decrease physical function, which in turn
affect the degree of walking independence [38].The presence of comorbidities has received
increasing attention worldwide [39] and should also be noted in patients undergoing
dialysis induction.

Inflammatory markers such as interleukin-6 and tumor necrosis factor-α increase the
factors associated with skeletal muscle destruction in dialysis patients, such as myostatin [40].
They are also associated with low muscle strength in patients on dialysis [1], and inflam-
mation has been implicated in impaired physical function, corroborating previous studies.
This inflammation improves with regular exercise [41] and is an important factor that may
be targeted for rehabilitation therapy in the future.

Patients with CKD need to be managed so that they can be transferred to dialysis in
the best possible condition. However, dialysis is often initiated on an emergency basis [20].
Furthermore, a large epidemiological study in France reported that EDS has an independent
impact on mortality [42]. The main causes of EDS are acute systemic diseases, such
as cardiovascular disease, sepsis, and autoimmune diseases [43]. Therefore, EDS is an
important factor affecting poor prognosis, representing the poor general condition of
patients, and in this study, it may have affected the level of walking independence by
reflecting the underlying poor general condition of the patients.

It is clinically difficult to provide rehabilitation interventions for more than 40,000 patients
undergoing dialysis induction annually in Japan. Therefore, it is necessary for healthcare
providers to know in advance which characteristics of patients with CKD need rehabilita-
tion during the induction phase of dialysis and to identify and intervene in patients with a
high need for rehabilitation at an early stage. Patients with the characteristics identified in
this study (i.e., older age, more comorbidities, higher inflammation, and EDS) are at a high
risk of DWI in a short period of time, and it is important to start rehabilitation intervention
at an early stage.

The strength of our study is that we focused on a short period during dialysis in-
duction. Similar reports on patients with CKD prior to dialysis conversion and on stable
dialysis patients are scattered. However, only few reports describing this period have been
published. This study suggests that this period may have an important impact on patients’
future ADLs and calls for new interventions, including rehabilitation.

Our study had several limitations. First, some confounders remained unmeasured.
Although we attempted to cover the adjustment for confounders related to physical function
reported in previous studies, more detailed adjustments need to be considered in future
prospective studies. Second, the FIM-walking score assessment was based on medical
records, which may be inaccurate for estimating walking independence. To address this
issue, two physiotherapists independently conducted the assessment, and we attempted to
make it as objective as possible. Third, the GNRI may not accurately reflect the nutritional
status of patients. During the induction phase of dialysis, patients may be overweight
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due to fluid retention, which may lead to an overestimation of the GNRI. However, an
accurate nutritional assessment index has not yet been established for the induction phase
of dialysis. Therefore, the GNRI, an established index for maintenance dialysis patients,
was used in this study. Fourth, 19 of the 69 patients excluded died during hospitalization.
The possibility that the exclusion of these 19 cases could be a confounding factor cannot
be ruled out. Fifth, our study failed to consider the impact of medical restraints on DWI.
Some patients are at risk for dialysis catheter removal due to delirium, insubordination
to medical staff, or other reasons. Such patients are subject to medical restraints during
hospitalization, which may be one of the risk factors for DWI [44]. However, the hospital
has implemented initiatives to eliminate physical restraints, and only six of 285 patients
(2.1%) were identified as being physically restrained. Therefore, this study could not clearly
examine the impact of physical restraints on DWI.

5. Conclusions

Even during the very short period of dialysis induction, as many as 16.1% of patients
had DWI, which was associated with older age, higher CCI, higher inflammation, and EDS.
Therefore, we recommend the early identification of patients with these characteristics and
early rehabilitation to reduce the decline in physical function and ADLs.
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Abstract: Background: Although patients receiving hemodialysis are more likely to develop metabolic
disorders and muscle weakness at an earlier stage than healthy individuals, many older dialysis pa-
tients have difficulty establishing exercise habits to prevent these problems. Therefore, we evaluated
the use of belt electrode-skeletal muscle electrical stimulation (B-SES), which can stimulate a wider
area than conventional electrical muscle stimulation (EMS), to examine its application and safety
in older hemodialysis patients as a means to improve lower extremity function without voluntary
effort. Methods: This study was a randomized controlled trial (RCT) involving 20 older dialysis
patients (>65 years old) with reduced physical activity. The control group received 12 weeks of
routine care only and the intervention group received 12 weeks of B-SES during hemodialysis in
addition to routine care. The primary endpoint was the 6 min walk test (6MWT) distance, while the
Short Physical Performance Battery (SPPB), body composition, Functional Independence Measure
(FIM), biochemistry test, and blood pressure/pulse measurements were used as secondary endpoints.
Results: As a result of the 12-week B-SES intervention, no increase in creatine kinase or C-reactive
protein levels was observed after the intervention in either group, and no adverse events attributed
to the B-SES intervention were observed in the intervention group. Furthermore, the intervention
group showed a significant improvement in the 6MWT and SPPB scores after the intervention. Con-
clusions: The results of this study suggest that a 12-week B-SES intervention during hemodialysis
sessions safely improves 6MWT distance and SPPB scores in older patients with a reduced level of
physical activity.

Keywords: electrical muscle stimulation; hemodialysis; older; chronic kidney disease; frailty; 6 min
walk test; short physical performance battery

1. Introduction

Hemodialysis patients tend to have increased oxidative stress and inflammatory re-
sponses due to uremia and cachexia during the preservation period of chronic kidney
disease. Furthermore, as a result of decreased metabolic efficiency and lack of nutrients,
hemodialysis patients tend to develop concomitant muscle wasting, cardiovascular disease,
joint disease, and arteriosclerosis [1], and more than 70% of older hemodialysis patients are
frail [2]. Furthermore, more than 30% of older hemodialysis patients also exhibit sarcopenia,
with a prevalence approximately three times higher than that of healthy individuals [3].
Reduced exercise/physical function and a restricted level of physical activity are char-
acteristics of individuals with frailty and sarcopenia and are associated with a decrease
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in survival rate, an increase in hospitalization rate, and a decrease in the quality of life
(QOL) [4,5]. In particular, hemodialysis patients with less than 4000 steps of physical
activity on days without hemodialysis sessions have a high mortality risk [6], and they
are prone to a reduced tolerance to exercise, muscle strength, and muscle mass, and an
increased cardiovascular risk [7,8]. As such, in Japan, where the number of older hemodial-
ysis patients continues to increase, the importance of improving physical functions has
been recognized so that older hemodialysis patients can continue to live independently.

In recent years, renal rehabilitation interventions focusing on supervised exercise ther-
apy have been reported to improve muscle strength, exercise tolerance, and inflammation
in hemodialysis patients or patients with renal failure [9,10], suggesting the impact of
exercise on improved QOL. However, approximately 70% of older hemodialysis patients
exhibit frailty, and many patients also have multiple disorders such as locomotor disorders
and cardiovascular disorders, making it difficult for many of them to establish exercise
habits [11,12]. In the clinical setting, it is often difficult to apply an effective exercise routine
through active exercise. Furthermore, since hemodialysis patients receive hemodialysis
treatments three times a week for 4 to 5 h per session, it is difficult for them to devote the
remaining time to maintaining and improving physical function.

A recent study described the application of electrical muscle stimulation (EMS) us-
ing small self-adhesive surface electrode pads in patients with moderate to severe heart
failure and respiratory disease and reported improvements in muscle strength, exercise
tolerance, and walking ability [13]. Furthermore, improvements in muscle strength and
exercise tolerance have also been reported in hemodialysis patients through local functional
improvement dependent on surface electrodes [14]. However, in these interventions, the
stimulation frequency/time, intervention period, equipment used, electrode pad size, and
electrical stimulation intensity have yet to be standardized; thus, supporting evidence is
limited [14]. The belt electrode-skeletal muscle electrical stimulation (B-SES) device has
a wider electrode attachment area than conventional EMS and is expected to be more
effective in improving lower limb muscle strength and the Short Physical Performance
Battery (SPPB) score in patients with orthopedic diseases and patients with severe heart
failure [15,16].

Furthermore, in recent years, B-SES intervention during hemodialysis sessions has
been reported to improve muscle strength, muscle mass, and Timed Up & Go test scores
without adverse events in middle-aged patients [17]. However, to date, no B-SES interven-
tions have been conducted in older hemodialysis patients who are more frail and vulnerable
to adverse events. Additionally, they are more prone to muscle disuse due to immobility.
Therefore, in this study, we hypothesized that B-SES intervention during hemodialysis
would improve physical function without adverse events in older hemodialysis patients.
Thus, our objective was to investigate the comprehensive impact of B-SES on lower limb
function using the 6 min walk test (6MWT) and SPPB as outcome measures.

2. Materials and Methods

2.1. Study Design

This study was a prospective open label randomized controlled trial (RCT). Patients
were enrolled at a single center and data analysis was performed in multiple centers. At the
start of the study, medical records were screened, and patients were enrolled and divided
into an intervention group or a control group. A permuted block design, generated by
RAND function in Microsoft Excel, was used to evenly randomize the patients into the two
groups. We then collected demographic data from the patients and performed baseline
evaluations one week before the intervention. The following variables were evaluated
at baseline: physical function (as assessed by the 6MWT and SPPB), post-dialysis weight
(dry weight), body composition (skeletal muscle mass of the extremities), activities of
daily living (ADL), blood biochemistry, and blood pressure/pulse. Hypertension was
diagnosed if, when measured on two different days, both systolic blood pressure (SBP)
readings were ≥140 mmHg and/or both diastolic blood pressure readings (DBP) were
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≥90 mmHg. Dyslipidemia was diagnosed if low-density lipoprotein cholesterol levels were
≥100 mg/dL, high-density lipoprotein cholesterol levels were >40 mg/dL, or triglyceride
levels were ≥150 mg/dL. Diabetes mellitus was diagnosed if fasting blood glucose levels
were ≥126 mg/dL. We also collected data concerning history of ischemic heart diseases
and cerebrovascular diseases from the patients’ medical records.

After completion of the 12-week intervention, the same variables were measured again
within 1 week (Figure 1). The study period ran from 24 June 2020 to 31 March 2022, and
the patient enrollment period was from 24 June 2020 to 31 December 2021.

Figure 1. Schematic diagram of study schedule. Most variables were assessed pre-hemodialysis,
while body composition was assessed post-hemodialysis. “Vital sign” included assessment of systolic
and diastolic blood pressure. 6MWD, 6-Minute Walk Distance; SPPB, Short Physical Performance
Battery; and FIM, Functional Independence Measurement.

A note was made in the study notebook of all events that occurred during the inter-
vention. Blood pressure and pulse were measured before the start of each hemodialysis
session using the blood pressure monitor of a multipurpose hemodialysis monitoring
device (Nikkiso DCS-100NX, Tokyo, Japan).

This study was conducted following approval by the Tohoku University Clinical
Research Review Committee (reference number: 2019-6-063) and registration in the Ministry
of Health, Labour and Welfare data system (jRCT Protocol No.: jRCTs022200010) and was
conducted in accordance with the Declaration of Helsinki. The patients were individually
informed of the study rationale using an informed consent form prior to enrollment, and
only those who provided their consent were enrolled in the study. The results of this study
were reported according to the 2010 CONSORT Guidelines [18].

2.2. Participants

The inclusion criteria for the study were as follows: (1) patients with end-stage kidney
disease that had been introduced to hemodialysis, (2) patients who had been receiving
hemodialysis for more than 3 months, (3) patients with stable hemodynamics receiving
outpatient maintenance hemodialysis, (4) patients aged between 65 and 90 years old at
the time of enrollment, (5) patients with daily activity level of less than 4000 steps [6], and
(6) patients who were briefed about the study and provided voluntary written consent
to participate.

The exclusion criteria were as follows: (1) patients with sensory impairment, (2)
patients who had difficulty walking, (3) patients with malignant neoplasms, (4) patients
with severe edema, (5) patients with severe skin diseases or wounds on the belt-type
electrode attachment site, (6) patients with systolic blood pressure of 180 mmHg or higher
or diastolic blood pressure of 110 mmHg or higher, (7) patients participating in other clinical
studies, (8) patients requiring acute treatment for acute coronary syndrome, unstable angina,
or other conditions, (9) patients with implantable electronic devices (such as pacemakers),
(10) patients undergoing temporary pacing or intra-aortic balloon pumping therapy, etc.,
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(11) patients with psychiatric disorders or severe dementia, and (12) patients deemed
ineligible for the study by the investigator for other reasons.

2.3. Intervention Protocol

B-SES was performed using G-TES (Homer Ion Institute Co., Ltd., Tokyo, Japan),
which is an electrical stimulator for general treatment (Figure 2). The stimulation was
carried out in “Obsolete mode” (frequency: 20 Hz, on-off: 5 sec–2 sec, pulse width: 250 μs,
output waveform: exponentially increasing wave) for 40 min per session, according to the
median time reported in a previous study by Schardong et al. [14]. All other stimulation
conditions were in accordance with a previous study by Suzuki et al. [17].

Figure 2. Application of the belt electrode-skeletal muscle electrical stimulation intervention. Patients
were placed in the supine position. Five silicon–rubber electrode bands were applied to the patient’s
waist and bilateral thighs and ankles. Electrical muscle stimulation was administered for 40 min
per day.

The intensity of stimulation was the maximum intensity tolerated by the patient. The
intervention period was 40 min per day, 3 times a week, for 12 weeks, totaling 36 sessions.
Belt-type electrodes were attached to a total of five locations in the trunk, both thighs, and
both lower legs of the patients, and electrical stimulation was performed in the first half of
the hemodialysis time.

Stimulation intensity was adjusted at two locations, the thigh and lower leg. The me-
dian/mean intensity during the first intervention was 1.70/1.79 (minimum 0.8–maximum
2.8) mA at the thigh and 0.95/0.97 (0.4–1.4) mA at the lower leg. At the final intervention,
it was 3.15/3.47 (2.1–7.4) mA at the thigh and 1.55/1.74 (1.1–3.9) mA at the lower leg.

Patients in both the control group and the intervention group were instructed to lead
the same lifestyle as before the intervention, and no special exercise instructions were
given during the intervention period. After the intervention period, all patients underwent
voluntary training guidance.

2.4. Outcome Measures

All evaluation variables were measured at the beginning of the study and at the end
of the 12-week intervention (Figure 1).

2.4.1. Physical Function Tests

In this study, the 6MWT distance (6MWD), an indicator of exercise intolerance, was
the primary endpoint. The 6MWD was assessed using a 15 m one-way corridor and
all assessment procedures were performed according to the guidelines of the American
Thoracic Society (ATS) [19].

A comprehensive assessment of lower extremity function was performed using the
Short Physical Performance Battery (SPPB), according to a previous study [20]. The assess-
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ment procedure consisted of (1) tandem stand, (2) 4 m walk test, and (3) 5-Time-Sit-To-Stand
(5-STS) tests, and the times and scores were recorded. For all measurement elements, the
use of knee braces and walking aids was optional.

2.4.2. Body Compositions

Measurements were taken by a physical therapist after hemodialysis sessions using a
body composition analyzer (Tanita Corporation MC-780A-N) [21]. The measurement items
were dry weight and skeletal muscle mass in the extremities.

2.4.3. ADL Assessment

ADL were measured by a physiotherapist through an interview survey using the
Functional Independence Measure (FIM) [22].

2.4.4. Biochemical Parameters

Blood biochemistry tests were performed during the baseline assessment and on the
last day of the intervention. Blood biochemistry tests examined creatine kinase (CK), blood
urea nitrogen (BUN), C-reactive protein (CRP), interleukin-6 (IL-6), insulin-like growth
factor 1 (IGF-1), total antioxidant capacity (TAC), and irisin levels. In addition, using BUN
values before and after hemodialysis, the hemodialysis efficiency (spKt/V) was calculated
as spKt/V = –ln (post-dialysis BUN/pre-dialysis BUN − 0.008 * dialysis time) + (4 − 3.5 *
post-dialysis BUN/pre-dialysis BUN) * amount of water removed/DW [23].

2.5. Statistical Analysis

All analyses were two-sided with a significance level of 5%. The statistical analysis
software was SPSS ver.21 (IBM Corp., Chicago, IL, USA).

Demographic and laboratory data were expressed as mean ± standard deviation or
median (interquartile range) for continuous variables, and as number of people (%) for cat-
egorical variables. The Shapiro–Wilk test was performed for normality of distribution. For
baseline comparisons between the control and intervention groups, continuous variables
were analyzed using the unpaired t-test or the Mann–Whitney U test, and categorical vari-
ables were analyzed using the chi-square test. For comparison of pre- and post-intervention
results between groups, all parameters were analyzed using the paired t-test or Wilcoxon
signed rank sum test. For comparisons between the control group and the intervention
group after 12 weeks, the unpaired t-test or the Mann–Whitney U test was used. Further-
more, differences in the amount of change between the control and intervention groups
were assessed using the unpaired t-test or the Mann–Whitney U test.

The sample size required for the paired analysis of 6MWD was calculated based on a
previous EMS study [24], which used a significance level of 5%, a power of 80%, and an
effect size of 0.5, resulting in a minimum requirement of 13 participants in each group.

3. Results

A total of 27 older hemodialysis patients were enrolled from 69 candidate participants
who met the inclusion criteria and did not violate the exclusion criteria. The 27 patients
were randomized into the control group (13 patients) or the intervention group (14 patients)
(Figure 3). Seven patients dropped out. Of the four patients who withdrew from the
intervention group, two patients were admitted to other hospitals and were unavailable
for the endpoint assessment of 6MWD, one patient refused to participate in the endpoint
assessment, and one patient had a non-measurable 6MWD due to a thigh injury. Of the
three patients who withdrew from the control group, one patient was admitted to another
hospital and was unavailable for the 6MWD measurement, and two patients refused to
participate in the endpoint assessment.

Therefore, we used a per protocol analysis. A total of 20 patients completed the
intervention (control group: 10 patients, intervention group: 10 patients), and their data
were analyzed.
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Figure 3. Study flow chart. Among the 69 patients who were screened for eligibility, 42 patients were
excluded because of their physical function/medical assessment results or because they declined.
Therefore, a total of 20 patients (10 in the control group and 10 in the B-SES group) were included in
the final analysis.

Table 1 shows the intergroup comparisons of demographic data at baseline. There were
no significant differences between the two groups in terms of age (control group: 78.4 ± 6.2
years old, intervention group: 79.4 ± 6.5 years old), sex ratio (control group: 60.0% male,
intervention group: 70.0% male), number of steps (control group: 796.25 (427.50–3276.19)
steps/day, intervention group: 1525.38 (735.50–3454.31) steps/day), history of hemodialysis
(control group: 34.00 (26.75–50.75) months, intervention group: 28.50 (12.25–79.25) months),
or prevalence of diabetes (control group: 40.0%, intervention group: 70.0%).

Table 1. Clinical characteristics.

Control Group (n = 10) B-SES Group (n = 10) p Value

Age (years) 78.40 ± 6.20 79.40 ± 6.50 0.73 a

Men, n (%) 6 (60.00) 7 (70.00) 1.00 c

Height (cm) 158.11 ± 8.87 154.25 ± 6.49 0.28 a

Body composition
Dry weight (kg) 50.92 ± 12.00 52.35 ± 3.78 0.73 a

Skeletomuscular mass (kg) 15.83 ± 3.99 15.05 ± 2.40 0.62 a

Physical activity (steps/day) 796.25 [427.50–3276.19] 1525.38 [735.50–3454.31] 0.44 b

Duration of hemodialysis (months) 34.00 [26.75–50.75] 28.50 [12.25–79.25] 0.63 b

Not completed rate, n (%) 3 (23.08) 4 (28.57) 1.00 c

Comorbidity
Hypertension, n (%) 9 (90) 9 (90) 1.00 c

Dyslipidemia, n (%) 1 (10) 4 (40) 0.30 c

Diabetes, n (%) 4 (40) 7 (70) 0.37 c

History of ischemic heart disease, n (%) 7 (70) 7 (70) 1.00 c

History of cerebrovascular disease, n (%) 4 (40) 8 (80) 0.17 c

Medication
Erythropoietin, n (%) 7 (70) 7 (70) 1.00 c

L-carnitine, n (%) 9 (90) 8 (80) 1.00 c

Values are presented as mean ± standard deviation or median (inter-quartile range (IQR)) unless otherwise
indicated; Significance level p < 0.05; Baseline, before 1 week of initial intervention; a analyzed using the unpaired
t-test; b analyzed using the Mann–Whitney U test; c analyzed using the chi-square test.
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Table 2 shows the blood pressure and pulse measurements. There were no significant
differences in SBP, DBP, or pulse.

Table 2. Resting vital signs.

Control Group (n = 10) B-SES Group (n = 10) Change from Baseline

Baseline 12 Weeks p Value Baseline 12 Weeks p Value Control Group B-SES Group p Value

SBP (mmHg) 153.00 ± 20.36 148.50 ± 21.03 0.21 151.00 ± 23.13 147.70 ± 24.21 0.71 −3.40 ± 10.98 −7.10 ± 15.09 0.54
DBP (mmHg) 74.90 ± 11.57 74.40 ± 10.03 0.76 72.40 ± 16.75 71.00 ± 10.36 0.75 −2.30 ± 11.16 2.90 ± 9.93 0.29
Pulse (bpm) 70.30 ± 13.48 66.40 ± 11.57 0.22 72.50 ± 12.07 75.30 ± 8.15 0.31 1.60 ± 8.34 2.30 ± 7.44 0.85

Values are presented as mean ± standard deviation or median (IQR); Significance level p < 0.05; Baseline, before
1 week of initial intervention; SBP, Systolic Blood Pressure; and DBP, Diastolic Blood Pressure.

Table 3 shows the results of 6MWD, the primary endpoint. In the control group, no
significant differences were observed between the measurements at baseline and 12 weeks.
However, in the intervention group, there was a significant increase in 6MWD from
242.0 ± 94.5 m to 283.0 ± 99.6 m (p = 0.005). In addition, there was a significant difference
between the amount of change in 6MWD between the two groups, with −18.50 ± 28.29 m
in the control group and 41.00 ± 12.65 m in the intervention group (p < 0.001).

Table 3 shows the SPPB results. In the control group, there was no significant differ-
ence in the total SPPB score at baseline and 12 weeks. However, there was a significant
improvement in the intervention group from 8.5 ± 3.3 points to 10.3 ± 2.1 points (p = 0.008).
There was also a significant difference in the amount of change in SPPB between the two
groups (p = 0.035). There were no significant differences in dry weight, skeletal muscle
mass in the extremities, or FIM (Table 3).

Table 4 shows the results of the blood biochemistry tests. Although there was a
significant decrease in albumin levels from baseline to 12 weeks in the control group
(p = 0.027), this change was not observed in the intervention group and there were no
significant differences between the amount of change in albumin levels between the two
groups. There were no significant differences in the levels of CK, irisin, IGF-1, TAC, CRP,
IL-6, hemoglobin, or in dialysis efficiency.

No locomotor difficulties or cardiovascular events were reported in this study. Four
patients in the intervention group withdrew from the study to be hospitalized or withdrew
their consent to continue in the study. None of the withdrawals were attributable to effects
resulting from the participation in the study.
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4. Discussion

Many older hemodialysis patients have sarcopenia [3], which has been reported to
be associated with decreased physical function, an increased hospitalization rate, and
decreased QOL and ADL [10,12]. Therefore, continuous exercise intervention is necessary,
but many hemodialysis patients have difficulty establishing exercise habits given the
time constraints of hemodialysis treatment, and it is often difficult for older hemodialysis
patients with reduced physical function to continue voluntary exercise at an effective load.
Therefore, the purpose of this study was to examine the effects of B-SES in older patients
on maintenance hemodialysis from the perspective of safety and efficacy in improving
physical function.

In this study, to examine the safety of the B-SES intervention in older patients with
hemodialysis, we measured CK, CRP, IL-6, blood pressure, and pulse before hemodialysis
and verified changes before and after the intervention. To evaluate the effects of electrical
stimulation on muscle damage and inflammation, we measured CK, CRP, and IL-6 levels
and observed no changes in any parameter before or after the intervention in either group.
An increase in CRP and a decrease in albumin have been reported to cause inflammation
in the body and contribute to a decrease in muscle mass [25], but in this study, despite
the drop in albumin levels in the control group, no changes were observed in albumin
levels or skeletal muscle mass of the extremities in the intervention group. No additional
inflammatory disease or pneumonia occurred during the intervention, nor did any of the
patients change drugs that could affect inflammation, such as antibiotics. Furthermore,
neither group showed changes in blood pressure and pulse after the intervention. These
observations suggest that B-SES can be implemented for older hemodialysis patients
without serious adverse events.

This study is the first to show that a B-SES intervention in older hemodialysis patients
with reduced physical activity improved 6MWD, an indirect measure of exercise tolerance,
and SPPB scores, an index of comprehensive lower extremity function. A strong correlation
between 6MWD and SPPB has been found in previous studies targeting older patients
with heart disease and older patients in general [26,27]. Furthermore, SPPB is strongly
correlated with lower extremity muscle strength [20], and B-SES interventions have been
reported to strengthen lower extremity muscles in previous studies on orthopedic surgery
and middle-aged hemodialysis patients [15,17].

Moreover, the improvement in 6MWD and SPPB scores, despite the absence of an
increase in muscle mass, may be attributed to their relationship to lower extremity muscle
strength. Increases in muscle strength tend to occur earlier than increases in muscle mass,
as higher intensity exercise is required to increase muscle mass [28]. Since general EMS
passively induces muscle contraction through electrical stimulation via surface electrodes,
it has been suggested that even patients who have difficulty moving can achieve exercise ef-
fects [14]. Muscle contraction by EMS differs from muscle contraction by general voluntary
contraction in that fast-twitch fibers with large fiber diameters (Type II fibers) are mobilized
first and muscle contraction is induced only in areas that receive electrical stimulation [29].
In EMS, slow-twitch fibers and fast-twitch fibers capable of continuous contraction (Type II
A fibers) have been reported to be predominantly activated by low-frequency stimulation
of 20 Hz or less [30]. Increases in muscle strength and muscle mass are often correlated
in general resistance training, but there is very little evidence of the effect of EMS on
increasing muscle mass [13]. Since the intensity of electrical stimulation was low in this
study, the intensity of exercise was weaker than that of resistance training and cannot be
regarded as a sufficient load to increase muscle mass. However, we believe that muscle
fibers were activated by stimulating the trunk and leg muscles with B-SES, resulting in
increased muscle strength. These findings suggest that B-SES improved lower extremity
muscle strength as well as 6MWD and SPPB scores.

According to reports in patients with chronic obstructive pulmonary disease (COPD),
patients with chronic heart failure, and older patients, the minimal clinically important
difference (MCID) of 6MWD ranges from 17 to 54 m [31,32]. In the present study, the
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change in 6MWD in the intervention group was 41.0 ± 12.0 m, thus falling within this
MCID range. Additionally, the change in the total SPPB score in the intervention group was
1.8 ± 1.7 points, exceeding the MCID range of 0.99 to 1.34 points for total SPPB score in older
patients [33,34]. These findings show that the B-SES intervention in older hemodialysis
patients resulted in clinically significant improvements in both 6MWD and SPPB.

In this study, B-SES intervention for older hemodialysis patients (mean age 78 years)
was safe and sustainable. Although there were no changes in muscle mass and blood
biochemical parameters, there were improvements in 6MWD and SPPB scores, which
may have been as a result of the selective activation of the trunk and leg muscles through
electrical stimulation. Dobsak et al. conducted a three-group comparison of EMS vs.
exercise training on an ergometer vs. no exercise (control) in middle-aged hemodialysis
patients [35]. They found that when comparing the EMS group and the voluntary exercise
groups via resistance training and exercise with an ergometer, voluntary exercise had
a greater effect on improving physical function. On the basis of the above, B-SES may
be useful as a complementary exercise method for older people and patients who have
difficulty maintaining voluntary exercise routines.

This study has two limitations, the first being the small sample size. Therefore, we
positioned this study as a pilot study. The second is the lack of measurements of muscle
strength. In the future, it would be necessary to examine the effects of B-SES on muscle
strength by increasing the number of participants and measuring muscle strength.

5. Conclusions

In this study, a 12-week B-SES intervention was performed safely without serious
adverse events during hemodialysis sessions in older patients. Furthermore, 6MWD and
SPPB scores improved post-intervention, suggesting that B-SES may improve physical
function in older people with decreased physical activity.
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Abstract: Lateral elbow tendinopathy (LET) is a common painful musculoskeletal disorder. Several
treatments have been proposed to provide pain reduction and functional recovery, including laser
therapy, hyaluronic acid peritendinous injection (Hy-A), and therapeutic exercise (TE). Our study
aims to assess the effectiveness of a combined approach with high-intensity laser therapy (HILT) and
Hy-A injections compared to TE on pain, muscle strength, and disability in patients with painful
LET. A retrospective longitudinal study was carried out by consulting the medical records of patients
with a diagnosis of painful LET formulated by clinical and instrumental findings that received
functional evaluations, including the Patient-Rated Tennis Elbow Evaluation (PRTEE) and muscle
strength measurement at least four times: T0 (“baseline”), 1-month (T1), 3-month (T2), and 6-month
follow-ups (T3). Medical records of 80 patients were analyzed. In the HILT + HyA group, the Peak-
strength (p < 0.001) and mean strength (p < 0.001) significantly increased compared to the TE group
between study times. For the PRTEE-total-score as for the subscales, the HILT + HyA group reported
statistically significant reductions only for the comparisons of baseline versus T1 and baseline versus
T2. No serious adverse events occurred. Our findings suggest that Hy-A associated with HILT might
be more effective than TE for people with LET in the short–medium term.

Keywords: hyaluronic acid; high-intensity laser therapy; lateral elbow tendinopathy; Patient-Rated
Tennis Elbow Evaluation; muscle strength; disability; ultrasound; rehabilitation

1. Introduction

“Tennis elbow”, or lateral elbow tendinopathy (LET), is a noninflammatory condition
that affects the tendon insertion or myotendinous junction of wrist muscle extensors [1],
causing subacute and chronic symptoms of pain at the lateral epicondyle and disability
of the elbow and sometimes of the entire upper limb. LET occurs in between 1% and
3% of the population and typically affects subjects between 30 and 60 years without
gender difference [1]. Several determinants were reported to be associated with LET,
such as working procedures characterized by the long-term repetitive forearm and hand
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movement [2], the excessive neuronal activity by nociceptors that derive from the radial
nerve leading to axonal sprouting of the free nerve endings and peripheral sensitization,
smoking habits, and metabolic factors, such as estrogen decline, hypercholesterolemia, and
obesity [1]. LET is a degenerative overuse process of the extensor carpi radialis brevis and
of the common extensor tendon [3] characterized by histological micro-rupture, vascular
proliferation, and hyaline degeneration without inflammatory cells infiltrating within the
tendon tissue [4]. The main clinical manifestation is hyperalgesia during active range of
motion of the elbow and at the palpation in the lateral epicondyle area, which is exacerbated
by prono-supination of the forearm [5]. Moreover, LET patients complain of painful
handgrip with consequent functional limitation, disability in activities of daily living, time
lost at work, and poor quality of life [6]. LET is usually considered a self-limiting condition,
with the majority of patients recovering in 6–24 months [7], even if some clinical reports
noticed symptom recurrence persisting for many years [8]. Several conservative approaches
have been proposed to manage LET, including pharmacological therapy, systemic and/or
local treatments (corticosteroid injections, botulinum toxin, hyaluronic acid, autologous
blood, and platelet-rich plasma) [9], therapeutic exercise (TE), physical modalities, elbow
braces, acupuncture, and watchful waiting [8]. Surgery is usually recommended for those
patients with persistent pain and disability after a course of conservative therapy [10].

However, no consensus about the best treatment for improving pain and function
in people with LET has been reached. Among rehabilitative approaches, manual therapy
and TE showed positive effects on people with LET in terms of pain relief and increased
tendon strength [11,12]. Among physical modalities commonly used for LET, laser therapy
was previously demonstrated to improve grip strength, pain, and functional ability at
midterm follow-up (5 to 26 weeks) compared to placebo [8]. The studies on laser treatment
in LET have focused mainly on the efficacy of low-level laser therapy (LLLT), and few
studies have investigated the efficacy of high-intensity laser therapy (HILT) [8]. However,
a meta-analysis highlighted how HILT could be more effective than LLLT in terms of pain
control, stiffness, and function in degenerative musculoskeletal conditions [13].

Injection therapy is widely used for the treatment of patients with LET [14]. In partic-
ular, peritendinous hyaluronic acid (Hy-A) injection seems to be an effective therapeutic
option for pain control and functional improvement in these patients.

We hypothesized that a combined approach with HILT plus peritendinous Hy-A
injection could improve pain control and functional recovery, considering the analgesic
effect and stimulation of collagen synthesis attributable to HILT [15] and the Hy-A-related
enhancement of the activity of the fibroblasts, including their adhesivity, extracellular
matrix synthesis, and proliferation [16,17].

Therefore, the main objective of the study is to assess the effectiveness of the combi-
nation of HILT and Hy-A peritendinous injection on pain relief, improvement of muscle
strength, functional ability, and quality of life, in a mid-long-term period, compared to TE
in patients with painful LET.

2. Materials and Methods

2.1. Study Design

A retrospective cohort clinical study was conducted by the Declaration of Helsinki
and the STROBE guidelines [18]. The study protocol was planned at the Department
of Clinical Research, Ludes Campus, Luganoff Campus of Semmelweis University of
Budapest, and written informed consent was obtained from all participants for treatment
and data processing. From June 2021 to June 2022, medical records of patients with LET that
were treated at the Chiparo Physical Medicine and Rehabilitation Clinic in Lecce, Italy, were
consulted and selected by a specialized nurse blinded for the main outcomes of the study.

2.2. Population

We included medical records of patients between 30 and 65 years with elbow pain for
at least 2 weeks and the following clinical and instrumental features: (1) no other sources
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of elbow pain (e.g., cervical radiculopathy); (2) minimal pain at rest (Patient-Rated Tennis
Elbow Evaluation, PRTEE, pain subscale < 3); (3) positive wrist extension tests against
resistance (Cozen test) [19]; (4) positive palpation test of the epicondyle; (5) ultrasound (US)
evaluation showing thickening and heterogeneous echo structure of the common extensor
tendon, as well as increased blood flow under Doppler. We did not consider clinical records
of patients receiving regular painkillers, previous elbow injections, specific rehabilitation
treatments in the previous two months, and those with US-scan-confirmed injury or rupture
of any extensor tendon of the carpus or with previous elbow surgery. Additional exclusion
criteria were the presence of contraindications to laser therapy and Hy-A injection, such as
drug allergy, epilepsy, coagulopathies or anticoagulant therapy, neoplasms, or pregnancy.
Patients with fibromyalgia, enthesitis due to seronegative arthritis, and rheumatoid arthritis
were also excluded. Finally, patients who had skin infections at the injection site, systemic
symptoms (e.g., fever), or were carriers of artificial cardiac pacemakers were also excluded.

2.3. Outcomes

We included medical records of patients who filled the PRTEE questionnaire [20]
and who received the measurement of maximum (peak) and mean grip strength by an
electronic dynamometer (Activeforce2 Sixtus Prato (PO) Italia) during contraction against
the resistance of wrist extensors with the elbow flexed at 90◦ (Cozen test). Handgrip
strength protocol provided 3 maximal contraction trials lasting 5 s each, interspersed with
15 s of rest. The PRTEE is a 15-item questionnaire assessing pain (5 items) and the degree of
difficulty in performing various activities (6 specific and 4 usual activities) due to LET over
the preceding week [20]. The same functional assessments were performed at different
follow-ups: T1 (30 days), T2 (90 days), and T3 (180 days) after the end of treatment.

2.4. Interventions
2.4.1. HILT Plus Hyaluronic Acid (HILT + Hy-A) Group

Our HILT protocol consisted of 10 daily sessions using a LASERIX PRO device (GN
med), administered via a fixed tip with a 30 mm spacer. Each HILT session had a total
duration of 13 min and was divided into 3 phases. In the first phase lasting 7 min, a
frequency of 18 Khz, peak power of 600 W, and 226 Joules of energy was delivered. In the
second phase lasting 3 min, a frequency of 14 Khz, peak power of 900 W, and 226 Joules of
energy was delivered. In the third phase lasting 3 min, a frequency of 10 Khz, peak power
of 1200 W, and 226 Joules of energy was delivered. At the end of the 10 HILT sessions,
and on day 7 and day 14 after the last therapeutic session, patients received US-guided
(SonoSite M-Turbo ultrasound system with a 6–15 Mhz linear probe) Hy-A injections in the
peritendinous area of the elbow epicondyle by the same physiatrist expert in US technique
and US-guided injection (Supplementary Figures S1 and S2). The injections were conducted
using a pre-filled syringe of 20 mg in 2 mL of linear Hy-A sodium salt with a molecular
weight of 500–730 kDa. The needles used were 25G 25 mm. No anesthetic drugs were
administered after the injections. During the therapeutic procedure with laser and Hy-A
injections, patients were seated, and the affected elbow was positioned at 90◦ of flexion
and in slight pronation. The skin was disinfected with a chlorhexidine wipe. All subjects
enrolled in this group were not prescribed any therapeutic exercise and did not receive any
other physical or pharmacological therapy.

2.4.2. Therapeutic Exercise Group

Our TE protocol (eccentric exercises series and static stretching exercise) consisted of
three/per week clinical supervised sessions for 4 weeks for a total of 12 sessions. Eccentric
exercises for LET were performed with the elbow supported on the bed in full extension,
forearm in pronation, wrist in maximal extension, and hand hanging over the edge of the
bed. In this position, patients were told to flex their wrist slowly until full flexion was
achieved and then return to the starting position. Patients were instructed to continue
with the exercise even if they experienced mild pain. However, they were instructed
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to stop the exercise if disabling pain occurred. Each session consisted of three sets of
10 repetitions with at least a 1 min rest interval between each set. When patients were
able to perform the eccentric exercises without experiencing any pain or discomfort, the
load was increased using free weights or therabands. The starting and final positions of
eccentric exercises, the increase in the load, and the degree of mild or disabling pain could
not be standardized but were tailored to each patient [11]. The static stretching exercises
for LET were performed slowly with the elbow in extension, forearm in pronation, wrist
in flexion, and ulnar deviation according to the patient’s tolerance to achieve the best
stretching position result for the ECRB tendon. This position was held for 30–45 s before
and after each set of eccentric exercises [11].

2.4.3. Treatments-Related Adverse Events

We reported adverse events (AEs) in both groups by consulting the clinical records of
included patients [21].

2.5. Sample Size

The sample size was calculated for the comparison of the two study groups at a
6-month follow-up for the PRTEE—total score. We assumed as significant minimal change
a difference of at least five points in the PRTEE at each follow-up. We also settled for
standard deviations of 10. A sample size of N = 36 per study arm (72 overall) provides
more than 90% power (alpha = 0.05, two-tailed) applying linear mixed models, with an
intraclass-correlation between measures ρ = 0.50. To account for 10% attrition during the
study period (“dropouts”), we planned to recruit 40 medical records per study group (80
overall) at baseline. Similar values were obtained in the assessment of the sample size
according to peak muscle strength [22].

2.6. Statistical Analysis

Data were reported as mean ± standard error (S.E.) for continuous variables and as
absolute number and percentage for dichotomous variables; differences between groups
were assessed with analysis of variance and chi-square test, respectively. To assess the
variation of the PRTEE subscale as the total score, peak, and mean muscle strength, linear
mixed models (LMMs) were applied [23]. Intercept and time had a random component.
The advantage of this approach is that it increases the precision of the estimate by using all
available information concerning performance and, at the same time, allows for handling
missing data with more powerful modeling of the analysis.

The LMMs were considered the two treatments: HILT + Hy-A as the reference group,
the three times of the study, with baseline as the reference, and lastly, the interaction
between time and treatment. Sensitivity analyses were also conducted, excluding from
analysis those patients that did not reach a subjective and clinical improvement, applying
the same previously described models.

Data were analyzed with SAS software (Rel. 9.4, Cary, NC, USA), and the p-value for
differences was considered statistically significant for a value less than or equal to 0.05.

3. Results

In this study, the medical records of 80 patients were included (40 for each group).
No statistically significant between-group differences were found for main clinical charac-
teristics, for peak and mean strength, and for the PRTEE-total score and PRTEE-subscales
(Table 1).

48



J. Clin. Med. 2022, 11, 5492

Table 1. Description of the population characteristics according to type of treatment at enrollment.
High-intensity laser therapy plus hyaluronic acid (Hilt + Hy-A), therapeutic exercise (TE); Patient-
Rated Tennis Elbow Evaluation (PRTEE).

HILT + Hy-A TE p-Value

40 40
Age (year) 47.3 ± 9.5 50.3 ± 8.1 0.13
Sex female n (%) 25 (62.5) 21 (52.5) 0.37
Side pain (right) n (%) 19 (47.5) 22 (55.0) 0.50
Weight (kg) 74.1 ± 6.3 74.0 ± 5.5 0.97
Height (m) 1.68 ± 0.1 1.69 ± 0.1 0.75
BMI (kg/m2) 26.2 ± 2.3 26.1 ± 1.9 0.72
White collar n (%) 14 (35.0) 16 (40.0) 0.64
Education 0.78

Junior high school n (%) 16 (40.0) 13 (32.5)
High school n (%) 15 (37.5) 17 (42.5)
University degree n (%) 9 (22.5) 10 (25.0)

Smoke habits (actually) n (%) 10 (25.0) 14 (35.0) 0.33
Hypertension n (%) 10 (25.0) 9 (22.5) 0.79
Cholesterol mmol/L 184.6 ± 29.7 184.0 ± 28.3 0.94
Hand grip Peak strength (Nw) 91.6 ± 12.2 94.1 ± 7.1 0.28
Hand grip Mean strength (Nw) 77.5 ± 10.0 77.7 ± 7.0 0.96
PRTEE total score 64.2 ± 6.2 63.3 ± 4.7 0.43
PRTEE Pain score 29.6 ± 3.4 29.5 ± 3.2 0.87
PRTEE Specific activities 39.7 ± 4.9 38.6 ± 3.4 0.28
PRTEE Usual activities 29.6 ± 2.8 28.9 ± 2.5 0.27

BMI: Body Mass Index.

Hand-grip peak-strength increased during the study in both groups, and a multiplica-
tive effect was demonstrated for the interaction between treatment and time (p < 0.001)
(Figure 1).

Figure 1. Handgrip peak strength variation according to time and treatment; black box represents
high-intensity laser therapy plus hyaluronic acid (HILT + Hy-A) group, whereas grey box represents
therapeutic exercise (TE). Results for the linear mixed model analysis (p-values for time, treatment,
and interaction of time for treatment); Bonferroni adjustment for multiple comparisons were also
applied between follow-ups of study compared to baseline; *: p < 0.05; **: p < 0.001.

In the HILT + Hy-A group, the peak strength significantly increased compared to the
TE group in all follow-ups (baseline-T1: 11.21 ± 1.89; p < 0.001; baseline-T2: 12.06 ± 2.94;
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p < 0.001; baseline-T3: 7.57 ± 3.26; p = 0.02). Nearly one-quarter (ρ = 24.5, Supplementary
Table S1, Model A) of the total variation in peak strength was attributable to differences
between patients. Moreover, from the unconditional means model, 84% of unexplained
residual in the variation of peak strength (Model A: 210.81 ± 18.49 Nw) was associated with
linear time (Model B) and 87% with the interaction between time and treatment (Model C).
Model goodness increased (AIC decreased between models) with model complexity. Mean
strength increased during the study period in both groups, and again a multiplicative effect
was demonstrated for the interaction between treatment and time (p < 0.001) (Figure 2).

Figure 2. Handgrip mean strength variation according to time and treatment; black box represents
high-intensity laser therapy plus hyaluronic acid (HILT+Hy-A) group, whereas grey box represents
therapeutic exercise (TE). Results for the linear mixed model analysis (p-values for time, treatment,
and interaction for time for treatment). Bonferroni adjustment for multiple comparisons applied
between follow-ups of the study compared to baseline; **: p < 0.001.

In the HILT + Hy-A group, the mean strength significantly increased compared to the
TE group, only between baseline and T1 (17.24 ± 2.20; p < 0.001) and between baseline and
T2 (14.49 ± 2.81; p < 0.001). Almost 15% (ρ = 14.5, Supplementary Table S2, Model A) of
the total variation in peak strength was attributable to differences between patients. Again,
Model B and Model C explained 84 and 89% of the unexplained residuals in the variation
of peak strength (335.10 ± 29.21), respectively. Model goodness increased (AIC decreased
between models) with model complexity.

Figure 3A–D report the PRTEE total score, the pain subscale score, the specific disability
score, and the usual activity score. PRTEE total score and all the subscales decreased during
the time points of the study. In the comparison between treatments according to different
follow-ups, statistically significant differences were reported only for the comparisons
between baseline and T1 and baseline and T2 for the PRTEE-score and all subscales. For
the PRTEE score, almost 27% (ρ = 27.5, Supplementary Table S3, Model A) of the total
variation was attributable to differences between patients. Again, Model B and Model C
explained 72 and 76 percent of the unexplained residual in the variation of peak strength
(83.93 ± 8.77), respectively. Model goodness increased (AIC decreased between models)
with model complexity. After 6 months, 11 patients (13.8%), four in the HILT + HyA group
and seven in the TE group (p-value = 0.33), did not improve.
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Figure 3. Report the PRTEE total score (A), the pain subscale score (B), the specific disabil-ity score
(C), and the usual activity score (D). according to time and treatment; black box represents high-
intensity laser therapy plus hyaluronic acid (HILT + Hy-A) group, whereas grey box represents
therapeutic exercise (TE). Results for linear mixed model analysis (p-value for time, treatment, and
interaction of time for reatment). Bonferroni adjustment for multiple comparisons applied between
follow-ups of the study compared to baseline; *: p < 0.05, **: p < 0.001.

4. Discussion

To our knowledge, no clinical studies investigated the effectiveness of the combined
use of Hy-A and HILT on LET. Our findings suggest that combined peritendinous injections
of Hy-A and HILT might be effective for improving pain, muscle strength, and disability in
this population at short- and medium-term (1 to 3 month-follow-up) compared to TE.

Tendinopathy can occur because of different insults, such as certain drug treatments
(e.g., fluoroquinolones), metabolic disorders (e.g., diabetes mellitus and hypercholes-
terolemia), and biomechanical factors [24]. In particular, overload and detraining are
catabolic stimuli for tendon tissue resulting in increased synthesis of collagenase, pro-
teinase, and pro-inflammatory cytokines [25]. To date, different studies support the use
of eccentric exercise to improve pain and muscle strength in patients with LET [26]. Com-
pared with the concentric exercise, the eccentric exercise showed a significant reduction
in self-reported pain [26]. Eccentric contraction would appear to stimulate tendon cells,
resulting in increased collagen cross-linking [27] and decreased neuro-vascular ingrowth
that seem to modulate pain [28]. However, the relationship between exercise type and
pain remains unclear in LET, and often, it is debated whether eccentric exercises should be
performed with pain [29]. Other therapeutic strategies have been proposed in recent years
for the treatment of pain in patients with LET, including injections of different agents, such
as platelet-rich plasma (PRP), adipose-derived mesenchymal stromal cells, botulinum toxin,
and Hy-A [30]. Hy-A injection seems to inhibit the pro-inflammatory response by local
fibroblast [31], reduce pain, improve function, and reduce tendon rubbing in pre-insertion
areas during major tendinopathies and post-surgical tendon repair [14]. Among adjunctive
interventions for the management of patients with LET, physical modalities are commonly
used in clinical practice [24]. In particular, LLLT seems to be useful in different muscu-
loskeletal disorders by reducing edema and inflammation, controlling pain, and promoting
tissue healing [32]. However, controversial evidence is available about the benefits of the
use of LLLT in patients with LET, where only short-term pain relief was reported [33]. On
the other hand, evidence about HILT is scant, with some observational studies suggesting
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the effectiveness of this intervention in patients with LET on pain control, functional recov-
ery, and quality of life [34]. HILT might have analgesic and regenerative effects attributable
to its ability to slow pain transmission, increase the production of morphine-mimetic
substances [34], stimulate collagen production, and increase vascular permeability and
blood flow within tendons by photochemical and photothermic stimulation [35]. These
effects might act synergistically with the analgesic and regenerative effects of Hy-A. For
what concerns safety, the combined approach proposed in our study was well tolerated,
as demonstrated by the absence of AEs. Moreover, our data suggest that this approach
promoted rapid clinical and functional improvement. Lastly, we cannot demonstrate a
statistically significant reduction in the therapeutical failure between the two treatments,
but this is not the main objective of the study, and probably the study is underpowered
against this outcome.

The strengths of our study are the adequate sample size, the long-term follow-up, and
no serious adverse effect occurrence in both study groups. Moreover, the character of a
real-life study strengthens the results on the efficacy and safety of the combined treatment
of Hy-A plus HILT in the treatment of LET. However, our study has some limitations. First,
the retrospective design hampered the allocation of patients in the two groups because
a randomization procedure was lacking. Moreover, a healthy worker effect could be
introduced as further selection bias. In addition, our cohort might not be representative
of the general population suffering from LET, such as elderly, overweight-obese people,
and workers involved in repetitive and strenuous activities. The choice of a control group
treated only with HILT, or alternatively, only with Hy-A, could be more informative to
better define the role of each intervention in the control of LET symptomatology.

5. Conclusions

Our findings support the hypothesis that a multimodal approach might provide
additional benefits without safety concerns in patients with LET. In particular, our study
showed the effectiveness of the combined intervention of HILT and Hy-A injections over TE
in subjects affected by LET in the short–medium term. Despite these encouraging findings,
randomized controlled trials are required to prove the efficacy of the proposed approach
compared to placebo or the efficacy of HILT + Hya + TE over the TE effect.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm11195492/s1, Table S1: Linear mixed model, variation of
handgrip peak strength during the follow-up according to treatment; Table S2: Linear mixed model,
variation of handgrip mean-strength during the follow-up according to treatment; Table S3: Linear
mixed model, follow-up variation of PRTEE-score according to treatments; Figure S1: Ultra-sound
image of the lateral elbow, longitudinal view: (1) humerus, (2) epicondyle, (3) head of radius,
(4) extensor tendons, (5) calcific lesion of the tendons; Figure S2: Ultra-sound-guided (6–15 Mhz linear
probe) Hyaluronic Acid injections in the peritendinous area of the elbow epicondyle. The injections
were done using a pre-filled syringe of 20 mg in 2 mL of linear Hy-A sodium salt with a molecular
weight of 500-730 kDa.
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Abstract: Background: Although patients with idiopathic pulmonary fibrosis (IPF) often receive
treatment with antifibrotic drugs (AFDs) and pulmonary rehabilitation (PR) concurrently, there are no
reports on the effect of PR on patients with IPF receiving AFDs. Therefore, we investigated the effect
of PR on patients with IPF receiving AFDs. Methods: Eighty-seven eligible patients with IPF (61 male;
72.0 ± 8.1 years; GAP severity stage I/II/III: 26/32/12) were recruited for the study. Patients who
completed a 3-month outpatient PR program and those who did not participate were classified into
four groups according to use of AFDs: PR group (n = 29), PR+AFD group (n = 11), treatment-free
observational group (control group; n = 26), and AFD group (n = 21). There was no significant
difference in age, sex, or severity among the groups. Patients were evaluated for physical functions
such as 6-min walk distance (6MWD) and muscle strength, dyspnea, and health-related quality of
life (HRQOL) at baseline and at 3 months. Results: In the PR group, dyspnea and 6MWD showed
significant improvement after the 3-month PR program (p < 0.05 and p < 0.01, respectively). HRQOL
was significantly worse at 3 months (p < 0.05) in the AFD group, but not in the other groups. The
change in 6MWD from baseline to the 3-month time point was significantly higher in the PR+AFD
group than in the AFD groups (p < 0.01). Conclusions: It was suggested that AFD treatment reduced
exercise tolerance and HRQOL at 3 months; however, the concurrent use of PR may prevent or
mitigate these effects.

Keywords: antifibrotic drugs; pulmonary rehabilitation; idiopathic pulmonary fibrosis

1. Introduction

Idiopathic pulmonary fibrosis (IPF) is an irreversible, chronic, and progressive disease
with a poor prognosis due to severe fibrosis [1,2]. As IPF progresses, it leads to decreased
forced vital capacity (FVC), severe hypoxemia, impaired exercise tolerance, and reduced
health-related quality of life (HRQOL) [3]. The antifibrotic drugs (AFDs) pirfenidone and
nintedanib are recommended for the treatment of IPF [2,4–6].

AFDs suppress the decline in FVC and progression of the disease [4–7]. However,
AFDs have not been reported to improve IPF-associated dyspnea, impaired exercise toler-
ance, and reduced HRQOL. Therefore, other nonpharmacological interventions are impor-
tant for managing the symptoms experienced by patients with IPF [8]. One of the pillars of
nonpharmacological therapy is pulmonary rehabilitation (PR). A Cochrane meta-analysis
on patients with interstitial lung disease (ILD) showed that PR improves dyspnea, exercise
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tolerance, and HRQOL [9]. However, the effect of PR on indicators of lung function, such
as predicted forced vital capacity (%FVC) and lung diffusion capacity for carbon monoxide
was limited [10].

AFDs and PR are recommended in national and international guidelines [1,8]. There-
fore, patients with IPF often receive AFD treatment and PR concurrently, but no study
has reported the effect of PR on patients with IPF receiving AFDs. AFDs and PR have
different mechanisms of action and may have a synergistic effect. PR is the only treatment
that improves exercise tolerance and HRQOL, but its effectiveness is limited in advanced
stages of the disease [11]. Therefore, concomitant use of AFDs, which suppress disease
progression, may enhance the effect of PR and compensate for its shortcomings.

Side effects have been reported to occur in approximately 60% and 30% of patients
receiving nintedanib and pirfenidone, respectively [6,12]. Therefore, there is concern
that side effects (e.g., photosensitivity reaction, diarrhea, anorexia, fatigue from liver
dysfunction) of AFDs may limit daily life and lead to a decline in HRQOL and 6-min walk
distance (6MWD) [13]. Consequently, we investigated the effect of PR on patients with IPF
receiving AFDs.

2. Materials and Methods

2.1. Study Design

This study analyzed data from a subgroup of 114 patients with IPF among the partici-
pants of the Toho Rehabilitation for Interstitial Pneumonia (TRIP) study enrolled between
July 2014 and February 2019 [14]. The TRIP study is an ongoing project at the Toho Univer-
sity Medical Center Omori Hospital (Tokyo, Japan) to assess the long-term effects of PR in
patients with interstitial lung disease (ILD) through a two-year follow-up. The study was
approved by the Ethics Committee of Toho University Omori Medical Center (approval
27–82 and M21153). The study was registered with the authorized clinical trial registry
of International Committee of Medical Journal Editors (UMIN Clinical Trials Registry:
UMIN000047241). Written informed consent for participation was obtained from all pa-
tients before enrollment in the study. This is a prospective, nonrandomized, controlled
observational study in which stable patients with ILD undergo a 3-month outpatient pul-
monary rehabilitation program (PRP). Participation in the PRP is elective, and if a patient
chooses not to participate, evaluation is performed at baseline and 3 months later.

2.2. Participants

Of the 164 patients who were recruited in the TRIP study between July 2014 and
February 2019, 114 patients who were diagnosed with IPF, medically stable, and able to
walk independently were included in this study. IPF was diagnosed in accordance with the
American Thoracic Society/European Respiratory Society statement via multidisciplinary
discussion [1].

Exclusion criteria were as follows: patients with orthopedic or central nervous system
disorders that cause gait disturbance, dementia, and other diseases with poor prognosis
(e.g., terminal malignant tumors, severe heart failure). Further, patients who had partici-
pated in PRP at least once in the past or changed medications within the past 3 months,
including AFDs, were excluded.

Patients who completed outpatient PRP (once a week for 3 months) and those who
did not participate were classified into four groups according to use of AFDs: PR group
(n = 29), PR+AFD group (n = 11), treatment-free observational group (control group, n = 26),
and AFD group (n = 21) (Figure 1).
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Figure 1. Participant selection flow diagram. Abbreviations: ILD, interstitial lung disease; PR,
pulmonary rehabilitation; AFD, antifibrotic drugs.

AFD treatment was appropriately commenced by the treating pulmonologist once IPF
was diagnosed. Some patients received AFDs before the start of rehabilitation and some
started both simultaneously.

2.3. Pulmonary Rehabilitation Program

Participants underwent a weekly PR session for three months on an outpatient basis,
and each session lasted 60 min. PRP consisted of aerobic exercise, upper and lower limb
resistance training, breathing exercises (pursed lip breathing, diaphragmatic breathing),
trunk-centered stretching, and patient education (disease knowledge, self-management of
disease, and how to use oxygen). PRP was individually supervised by a physical therapist.

Aerobic exercise was performed using a treadmill at 60–80% of the patient’s maximum
walking speed for at least 20–30 min. The maximum walking speed was calculated based
on the 6MWD at baseline. Weights were used for resistance training of the upper and lower
limbs. Each set consisted of 10–15 repetitions, and the volume was gradually increased to
3–5 sets.

The PR group was also instructed to perform aerobic exercise, including resistance
training, limb/trunk stretching, and walking, at least 2–3 days a week as a home exercise
program. Patients were also asked to record whether they had a home exercise program. In
addition, physical activity (number of steps by the pedometer), degree of dyspnea, and vital
signs (blood pressure, pulse and SpO2 as measured by the patients) were recorded daily to
improve self-management ability. The recorded content was confirmed and discussed by
the physiotherapist at the outpatient visits.

For patients who did not wish to have outpatient PR (control and AFD groups), we
provided guidance, using a pamphlet on how to exercise at home, at the initial evaluation.

2.4. Measurements

Patients were evaluated at baseline and at 3 months. At baseline, medication history,
use of oxygen therapy, and respiratory function were evaluated. Vital function tests
including FVC, forced expiratory volume in 1 s (FEV1), FEV1/FVC, and lung diffusion
capacity for carbon monoxide were measured according to guidelines [15,16]. Arterial
blood gas analysis was conducted using a spectrophotometer (ABL800 Flex; Radiometer
Medical) on arterial blood collected at rest. The severity of IPF was assessed using a
multidimensional index and staging system (Sex-Age-Physiology Index Stage) [17].
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Dyspnea, HRQOL, 6MWD, quadriceps force (QF), and hand grip strength (HGS)
were assessed at baseline and 3 months later. Subjective dyspnea was assessed using the
modified Medical Research Council dyspnea scale (mMRC scale) and graded from 0 to
4 [18]. Quadriceps force (QF) was measured using a hand-held dynamometer (a Mobie:
Sakai Medical Corp., Tokyo, Japan) to measure isometric knee extension muscle [19].
Patients sat on a training bench and adjusted the position of their gluteal region so that a
bench leg was behind the lower extremity on the measurement side. Measurements were
performed three times for each leg at intervals of 30 s and the largest value was used to
calculate the ratio of knee extension strength to body weight. Hand grip strength (HGS)
was measured using a hand dynamometer in the standing, supinated position. HGF was
assessed for each hand with the shoulder and wrist in neutral position. Measurements
were performed three times for each hand and the largest value was used as HGF.

HRQOL was evaluated using the chronic obstructive pulmonary disease (COPD)
Assessment test (CAT) and St. George’s Respiratory Questionnaire (SGRQ) scores [20,21].
CAT includes a simple questionnaire consisting of eight questions. Each item is evaluated
from 0 to 5, and the higher the score, the worse the health condition. The SGRQ consists of
72 questions, and the higher the score, the lower the HRQOL. Both questionnaires were
initially developed for patients with COPD but have been shown to be effective in the
evaluation of patients with IPF [22,23].

The 6-min walk test was conducted in accordance with the American Thoracic Society
guidelines [24]. Patients on long-term oxygen therapy were tested at the oxygen flow
rate during exertion, as directed by their physician. The ratio of the predicted values was
calculated using the prediction formula of Enright et al. (%6MWD) [25].

2.5. Statistical Analysis

Baseline values were subtracted from the 3-month values for 6MWD, %6MWD, QF,
HGS, mMRC, and SGRQ and CAT scores, and the change from baseline to the 3-month
time point (delta [Δ]) was calculated.

The Wilcoxon rank-sum test was used for comparison between values at baseline and
at the 3-month time point because the data were not normally distributed based on the
estimation using the Shapiro–Wilk test. One-way analysis of variance (one-way ANOVA),
multiple comparisons (post hoc Tukey’s test), and χ2 tests were used for between-group
comparisons of changes from baseline. Spearman’s correlation coefficient was used to assess
the relationship between Δ6MWD, ΔmMRC, and ΔSGRQ. Statistical significance was set at
p < 0.5. All analyses were conducted using SPSS ver.17 (SPSS Inc., Chicago, IL, USA).

3. Results

Sixty participants requested PR and 54 patients were not interested in participating in
PR. Of the 60 patients, 40 completed PRP, and we successfully followed-up 47 patients who
did not participate in PR.

Table 1 shows the patient characteristics at baseline. There were no significant differ-
ences between the four groups with regard to age, body mass index, use of oxygen therapy,
severity, and lung function other than FEV1/FVC.

Table 2 shows the results of the mMRC, 6MWD, HGS, QF, and HRQOL (SGRQ and
CAT scores) at baseline and at 3 months. As for mMRC, the PR group showed significant
improvement (p < 0.05) whereas other groups did not. Similarly to the 6 min walk test,
the PR group showed significant improvement in both 6MWD (p < 0.01) and %6MWD
(p < 0.01), whereas other groups did not. In muscle strength, there were no significant
changes in any group. As for HRQOL, the CAT score was significantly worse at 3 months
compared to that at baseline (p < 0.05) in the AFD group, but not in the other groups.
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Table 1. Baseline characteristics of each group.

All
(n = 87)

Control
(n = 26)

AFD
(n = 21)

PR
(n = 29)

PR+AFD (n =11) p Value

Age, year 72.0 ± 8.1 73.0 ± 8.5 70.3 ± 6.6 73.5 ± 8.9 69.0 ± 7.4 0.29 a

Sex, male/female 61/26 14/12 18/3 18/11 11/0 <0.05 b

BMI, kg/m2 22.9 ± 3.9 24.0 ± 3.6 22.3 ± 4.2 22.5 ± 3.9 22.5 ± 4.1 0.38 a

Oxygen use (%) 21 (30) 3 (15) 6 (40) 9 (33) 3 (37.5) 0.34 b

Smoking status
(current/former/never) 1/44/25 1/13/12 0/14/7 0/19/10 0/9/2 0.47 b

Medications
Azathioprine 0 0 0 0 0
Cyclophosphamide 0 0 0 0 0
Cyclosporine 2 1 0 1 0
Tacrolimus 0 0 0 0 0
Prednisolone 19 5 6 3 4
Pirfenidone 15 0 10 0 5
Nintedanib 17 0 11 0 6
N-Acetylcysteine 18 4 4 6 2
Severity
GAP stage 1.6 ± 0.7 1.4 ± 0.6 1.6 ± 0.7 1.7 ± 0.7 2.0 ± 0.7 0.15 a

(I/II/III) 26/32/12 16/8/2 10/8/3 11/13/5 3/5/3
Pulmonary function
FVC, % pred 77.1 ± 20.5 84.2 ± 18.2 71.6 ± 15.7 77.9 ± 23.2 68.5 ± 22.1 0.08 a

FEV1, % pred 91.2 ± 22.6 95.7 ± 18.6 85.5 ± 17.3 95.1 ± 28.6 81.5 ± 19.5 0.15 a

FEV1/FVC, % 86.1 ± 13.2 79.9 ± 8.0 c 90.5 ± 14.5 87.7 ± 15.7 88.3 ± 9.4 <0.05 a

DLCO, % pred 60.1 ± 21.1 69.6 ± 22.4 55.8 ± 22.1 57.8 ± 18.1 53.1 ± 18.9 0.056 a

PaO2, torr 81.9 ± 13.4 86.1 ± 13.2 84.1 ± 14.2 77.2 ± 12.0 79.9 ± 13.8 0.07 a

PaCO2, torr 41.7 ± 5.2 41.2 ± 4.1 41.4 ± 3.6 41.7 ± 6.7 43.7 ± 5.6 0.61 a

IP marker
KL-6, U/mL 1040.3 ± 743.5 790.8 ± 428.0 1185.8 ± 921.6 1098.9 ± 759.5 1198.0 ± 859.2 0.22 a

SP-A, U/mL 68.3 ± 30.9 67.6 ± 33.7 68.5 ± 36.5 67.5 ± 27.8 71.7 ± 22.7 0.98 a

SP-D, U/mL 239.5 ± 163.6 176.7 ± 102.5 258.5 ±108.6 282.4 ± 236.9 239.1 ± 82.6 0.10 a

Data are reported as means ± SD or number (n). a p values calculated using a one-way analysis of variance with
post hoc Tukey test. b p values calculated using a χ2 test. c p < 0.05 vs. AFD. Abbreviations: n.s., not significant;
AFD, antifibrotic drug; PR, pulmonary rehabilitation; BMI, body mass index; JRC, the Japanese Respiratory
Society IPF disease severity classifications; GAP stage, Sex-Age-Physiology Index Stage; FVC, forced vital capacity;
% pred, percent predicted; FEV1, forced expiratory volume in 1 s; DLCO, lung diffusion capacity for carbon
monoxide; IP marker; interstitial pneumonia serum marker, KL-6, Krebs von den Lungen-6; SP-A, surfactant
protein-A; SP-D, surfactant protein-D.

Table 2. Comparison of results at baseline and 3 months in each group.

Control AFD PR PR+AFD

Baseline 3 Months Baseline 3 Months Baseline 3 Months Baseline 3 Months

mMRC scale 1.3 ± 1.1 1.2 ± 0.9 1.4 ± 1.0 1.7 ± 1.2 1.5 ± 1.0 1.1 ± 0.8 a 1.9 ± 1.1 1.7 ±1.1
6 min walk test
6MWD (m) 410.5 ± 98.1 413.2 ± 112.3 409.2 ± 115.1 374.7 ± 155.2 365.8 ± 96.9 410.5 ± 107.1 b 386.3 ± 91.1 420.4 ±124.4
% 6MWD (%) 86.0 ± 21.6 86.6 ± 24.8 83.1 ± 21.2 76.0 ± 30.4 73.5 ± 20.2 84.1 ± 23.7 b 78.5 ± 16.5 84.5 ±19.1
Muscle strength
QF (Nm/kg) 1.2 ± 0.4 1.2 ± 0.5 1.3 ± 0.3 1.4 ± 0.5 1.3 ± 0.4 1.3 ± 0.3 1.3 ± 0.5 1.3 ±0.6
HGS (kg) 24.0 ± 7.8 24.2 ± 7.8 29.1 ± 7.3 28.5 ± 7.0 26.2 ± 8.3 26.4 ± 8.0 29.4 ± 7.7 30.2 ±7.8
HRQOL
SGRQ total 32.3 ± 20.1 30.3 ± 16.5 38.3 ± 21.1 42.9 ± 20.4 39.6 ± 18.5 40.0 ± 20.2 52.1 ± 20.2 52.0 ±20.2
CAT 11.8 ± 9.1 11.8 ± 7.5 13.2 ± 9.1 15.9 ± 7.2 c 14.0 ±7.4 14.5 ± 7.4 20.1 ± 9.5 21.5 ±10.2

Data are reported as means ± SD. p values were calculated using the Wilcoxon rank-sum test. a p < 0.05 vs. PR at
baseline; b p < 0.01 vs. PR at baseline; c p < 0.05 vs. AFD at baseline. Abbreviations: AFD, antifibrotic drugs; PR,
pulmonary rehabilitation; mMRC, modified Medical Research Council test; 6MWD, six-minute walk distance; %
6MWD, percent predicted six-minute walk distance; QF, quadriceps force; HGS, hand grip strength; HRQOL,
Health-Related Quality of Life; SGRQ, St George Respiratory Questionnaire; CAT, Chronic obstructive pulmonary
disease assessment test.

Table 3 shows the changes in mMRC, 6MWD, HGS, QF and HRQoL over the 3-month
intervention period. A comparison of the four groups using one-way ANOVA showed that
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ΔmMRC was significantly worse in the AFD group than in the PR group (p < 0.05) while
this was not the case for the other groups. There were no significant differences between
groups in other variables (Table 3).

Table 3. Comparison of the change between baseline and 3 months between the groups.

Control AFD PR PR+AFD

Dyspnea
ΔmMRC scale −0.07 ± 0.6 0.3 ± 0.9 a −0.4 ± 0.9 −0.1 ± 0.6

(−0.3 to 0.2) (−0.1 to 0.7) (−0.7 to −0.06) (−0.5 to 0.2)
Peripheral muscle strength
ΔQF (Nm/kg) 0.06 ± 0.2 0.1 ± 0.4 −0.01 ±0.3 −0.04 ± 0.4

(−0.03 to 0.1) (−0.08 to 0.3) (−0.1 to 0.1) (−0.3 to 0.3)
ΔHGS (kg) 0.2 ± 2.8 −0.5 ± 2.8 0.2 ± 2.1 0.6 ± 1.5

(−0.9 to 1.3) (−1.8 to 0.7) (−0.5 to 1.0) (−0.2 to 1.8)
HRQOL
ΔSGRQ total −1.9 ± 13.7 4.5 ± 9.6 0.4 ± 14.9 −0.04 ± 12.5

(−7.5 to 3.6) (0.7 to 8.9) (−5.2 to 6.0) (−8.4 to 8.4)
ΔCAT −0.03 ± 6.2 2.6 ± 5.6 0.5 ± 6.6 1.3 ± 7.6

(−2.5 to 2.4) (0.04 to 5.1) (−2.0 to 3.0) (−3.7 to 6.5)
Data are reported as means ± SD. (95% confidence interval). p values were calculated using a one-way analysis
of variance post hoc Tukey’s test. a p < 0.05 vs. PR. Abbreviations: AFD, antifibrotic drugs; PR, pulmonary
rehabilitation; Δ, delta; mMRC, modified Medical Research Council; QF, quadriceps force; HGS, hand grip
strength; HRQOL, Health-Related Quality of Life; SGRQ, St George Respiratory Questionnaire; CAT, COPD
assessment test.

The changes in 6MWD and %6MWD are shown in Figure 2A,B, respectively. Δ6MWD
was significantly higher in the PR group than in the control and AFD groups (p < 0.05 and
p < 0.001, respectively). In addition, the values in the PR+AFD group were significantly
higher than those in the AFD group (p < 0.01). Similarly, Δ%6MWD was significantly higher
in the PR group than in the control and AFD groups (p < 0.05 and p < 0.001 respectively).
Moreover, the values in the PR+AFD group were significantly higher values than those in
the AFD group (p < 0.05).

 

Figure 2. Comparison of the (A) change in six-minute walk distance (Δ6MWD) and (B) change
in the percentage of predicted six-minute walk distance (Δ%6MWD) at 3 months between groups.
Abbreviations: PR, pulmonary rehabilitation; AFD, antifibrotic drugs; 6MWD, six-minute walk dis-
tance; %6MWD, percent predicted six-minute walk distance. Vertical columns indicate means ± SD.
p values were calculated using a one-way analysis of variance with post hoc Tukey’s test.
§: p < 0.05 vs. control, #: p < 0.001 vs. AFD, †: p < 0.01 vs. AFD, *: p < 0.05 vs. AFD.

Further, we investigated the association between Δ6MWD and ΔmMRC and ΔSGRQ in
all patients. A significant negative correlation was found between ΔmMRC and Δ6MWD/
Δ%6MWD (r = −0.337, p < 0.05 and r = −0.331, p < 0.05, respectively, Figure 3A,B). In
addition, Δ6MWD and Δ%6MWD showed a significant negative correlation with ΔSGRQ
(r = −0.277, p < 0.05 and r = −0.301, p < 0.05, respectively; Figure 3C,D).

60



J. Clin. Med. 2022, 11, 5336

 
Figure 3. Relationship between (A) Δ6MWD and ΔmMRC scale scores, (B) Δ%6MWD and ΔmMRC
scale scores, (C) Δ6MWD and ΔSGRQ scores, and (D) Δ%6MWD and ΔSGRQ scores in all patients.
�: control group, �: PR group, •: AFD group, �: PR+AFD group. Abbreviations: AFD, antifibrotic
drugs; PR, pulmonary rehabilitation; Δ, delta; 6MWD, six-minute walk distance; mMRC, modified
Medical Research Council; SGRQ, St George Respiratory Questionnaire.

Table 4 shows the AFD administration period at baseline in the PR+AFD and AFD
groups, frequency of side effects, and their breakdown. There were no significant differ-
ences in the duration of AFD administration, incidence of overall side effects, or incidence
of each side effect between the PR+AFD and AFD groups.
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Table 4. Treatment adverse events in the AFD and PR+AFD groups.

AFD PR+AFD p Value

Duration of AFD treatment at baseline, (days) 6.9 ±13.4 6.2 ±15.2 0.85 a

Number of patients with adverse events, n (%) 0.37 b

(−) 12 (57.1) 4 (36.3)
(+) 9 (42.8) 7 (63.6)

Adverse events
Nausea, n (%) 0 1 (9.0) 0.16 b

Diarrhea, n (%) 5 (23.8) 3 (27.2) 0.37 b

Liver dysfunction, n (%) 3 (14.2) 1 (9.0) 0.67 b

Decreased appetite, n (%) 2 (9.5) 3 (27.2) 0.18 b

Fatigue, n (%) 0 1 (9.0) 0.16 b

Dizziness, n (%) 0 1 (9.0) 0.16 b

Photosensitivity reaction, n (%) 1 (4.7) 0 0.46 b

Thrombocytopenia, n (%) 0 1 (9.0) 0.16 b

Data are reported as means ± SD or number (%). a p values calculated using Mann–Whitney U test. b p values
calculated using χ2 test. Abbreviations: n.s., not significant; AFD, antifibrotic drugs; PR, pulmonary rehabilitation.

4. Discussion

To the best of our knowledge, this is the first study to examine the effects of PR on
patients with IPF receiving AFDs. In the AFD group, a decrease in 6MWD was observed,
and a significant improvement in Δ6MWD was observed in the PR+AFD group compared
to the AFD group, suggesting a beneficial effect of PR on patients receiving AFDs.

In recent systemic reviews, PR was shown to improve exercise tolerance (6MWD and
peak volume of oxygen consumed), reduce dyspnea, and improve HRQOL in patients with
IPF [9,10]. In our study, the PR group showed a significant increase in 6MWD compared
to the control group, which is consistent with the findings in previous studies [9]. It is
also consistent with previous findings that the extended distance was about 40 m [9]. In
contrast, previous studies on AFDs reported that pirfenidone suppressed the decline in FVC,
6MWD, and dyspnea scores after 52 weeks of intervention [4,12,26]. In addition, nintedanib
has been shown to significantly suppress the decrease in FVC compared to placebo after
52 weeks of intervention and, in subgroup analyses, it suppressed deterioration in SGRQ
scores in patients with severe IPF [6,13]. However, no study has reported the effects of
AFDs after administration for only 3 months [4,13]. Therefore, in this study, we investigated
the effect of PR with concurrent AFD administration and AFD monotherapy on 6MWD
and HRQOL at 3 months.

An important consideration in AFD administration is side effects. The most common
side effects are gastrointestinal symptoms, such as nausea, diarrhea, loss of appetite, and
liver damage. These symptoms are likely to impair activities of daily living and HRQOL in
patients with IPF [13]. In addition, pirfenidone has been reported to cause photosensitivity
and rashes, which may limit outdoor activities of daily life and affect exercise tolerance
and quality of life [6].

In this study, side effects similar to those in a previous study were observed in the
AFD and PR+AFD groups (approximately 40% and 60% of participants, respectively), but
no patient required discontinuation of medication due to side effects. However, in the AFD
group, an average decrease of approximately 35 m in 6MWD was observed at 3 months
from baseline. Since the minimum clinically significant difference in 6MWD in patients
with IPF is 28 m, this change is clinically relevant, despite not being significant [27]. This
suggests that AFD use affected 6MWD. In contrast, Δ6MWD in the PR+AFD group was
significantly higher than that in the AFD group. This suggests that PR can prevent the
decrease in 6MWD caused by AFDs in patients with IPF.

In this study, mMRC scale scores, which are an index of shortness of breath, showed a
significant improvement after PR in the PR group. In addition, a significant difference was
found in ΔmMRC values between the AFD and PR groups. Thus, the findings suggest that
PR improves dyspnea.
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Regarding the effect of AFDs on dyspnea, Kreuter et al. used the University of
California San Diego shortness of breath questionnaire (UCSD-SOBQ) and reported that
AFDs suppressed deterioration in the UCSD-SOBQ score compared to that with a placebo.
However, this effect was not sufficient to improve dyspnea [13,28]. Therefore, it was
suggested that PR is important for improving dyspnea. In the present study, ΔmMRC was
found to have a significant negative correlation with Δ6MWD and Δ% 6MWD (Figure 3A,B).
Thus, improvement in dyspnea contributes to improvement in the 6MWD.

In contrast, no significant improvement in dyspnea was observed in the PR+AFD
group. This may be due to the small sample size of the PR+AFD group.

HRQOL is an important outcome of the effect of PR on IPF. In this study, SGRQ and
CAT scores showed no significant difference in HRQOL between the groups. A previous
study showed that compared to a placebo, AFDs significantly suppressed the deterioration
of HRQOL assessed using SGRQ scores [13]. However, no significant change observed
in the present study may be attributed to the short study period of 3 months (12 weeks)
compared to the 52-week intervention in the previous study. Quality of life is influenced by
a variety of factors such as exercise performance, daily symptoms and emotional factors,
which can lead to variability in data [29]. In this study there was wide variability of change
in SGRQ scores, which may have prevented detection of significant differences. In contrast,
significant deterioration in CAT scores was observed only in the AFD group. It is possible
that AFD can worsen quality of life at 3 months, as this is when side effects are likely
to occur.

We also investigated the relationship between ΔSGRQ, Δ6MWD, and Δ% 6MWD in
patients with IPF and found a significant negative correlation (Figure 3 C,D). In a previous
cross-sectional study on the relationship between 6MWD and HRQOL, Verma et al. showed
a significant correlation between SGRQ and 6MWD in 82 patients with IPF [30]; however,
our study was longitudinal. Regarding the amount of change observed over three months,
the fact that improvement in 6MWD contributed to the improvement of the SGRQ score
was a new finding.

In a subanalysis of a larger multicenter study, patients with IPF under AFD treatment
showed a trend for higher improvement in exercise capacity as compared to those not
treated, suggesting a synergistic effect of AFD and PR. In contrast, our result showed PR
tended to counteract the adverse effects of AFD on 6WMD [31]. This might be due to racial
differences and differences in the frequency and duration of PR. Further study is warranted
to clarify these points.

This study had some limitations. First, the sample was small, thus making the power of
our inferences low. Using the mean and standard deviation data provided in our previous
TRIP study report [14], the calculated sample sizes with power of 80% to detect significant
change were 22 and 15 in each group for 6MWD and %6MWD, respectively. However, since
IPF is a rare disease, this obstacle is difficult to overcome, and the sample size used here is
not drastically different from that in previous studies. Second, the possibility of bias cannot
be ruled out because this study was not randomized, and it was a single-center study.

Third, the large number of dropouts may have affected the results. In this study, the
participants were older than those in previous studies. Thus, many patients had difficulty
in reaching the hospital. In addition, since IPF is a progressive disease, there were cases of
death due to acute worsening of patient condition.

Fourth, nintedanib and pirfenidone were not examined separately. Each has a different
mechanism of action and side effects [4,5]; therefore, it is necessary to investigate these
AFDs separately in the future. Fifth, we found no difference in the onset of side effects
between the AFD group and the PR+AFD group (Table 4). Therefore, it could not be proven
that PR suppresses side effects.

Lastly, the length of follow-up was just 3 months in this study. Both AFD and PR are
treatments that should be continued as long as possible unless there is a reason to stop.
Currently, a randomized controlled study to evaluate the 12-month effects of pulmonary
rehabilitation in IPF treated with nintedanib is ongoing [32]. That study may reveal the
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contribution of concomitant use of nintedanib to the maintenance of long-term effects of
pulmonary rehabilitation.

5. Conclusions

This study examined the effects of PR with concurrent AFD treatment in patients with
IPF. It was suggested that while AFDs reduced exercise tolerance and HRQOL at 3 months,
the concurrent use of PR may prevent or mitigate these effects.
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Abstract: Virtual reality enables the manipulation of a patient’s perception, providing additional
motivation to real-time biofeedback exercises. We aimed to test the effect of manipulated virtual
kinematic intervention on measures of active and passive range of motion (ROM), pain, and disability
level in individuals with traumatic stiff shoulder. In a double-blinded study, patients with stiff
shoulder following proximal humerus fracture and non-operative treatment were randomly divided
into a non-manipulated feedback group (NM-group; n = 6) and a manipulated feedback group
(M-group; n = 7). The shoulder ROM, pain, and disabilities of the arm, shoulder and hand (DASH)
scores were tested at baseline and after 6 sessions, during which the subjects performed shoulder
flexion and abduction in front of a graphic visualization of the shoulder angle. The biofeedback
provided to the NM-group was the actual shoulder angle while the feedback provided to the M-
group was manipulated so that 10◦ were constantly subtracted from the actual angle detected by
the motion capture system. The M-group showed greater improvement in the active flexion ROM
(p = 0.046) and DASH scores (p = 0.022). While both groups improved following the real-time virtual
feedback intervention, the manipulated intervention provided to the M-group was more beneficial
in individuals with traumatic stiff shoulder and should be further tested in other populations with
orthopedic injuries.

Keywords: virtual reality; biofeedback; shoulder pain; range of motion; motion capture

1. Introduction

Shoulder stiffness is defined as a restriction of the active and passive range of motion
(ROM) of the glenohumeral joint [1]. A limitation in ROM means less than 100◦ range of
motion in forward flexion [1]. Shoulder stiffness prevalence is estimated at 2–5% of the
general population [2]. Other upper limb disorders might also limit ROM, e.g., damage
following breast cancer treatment [3]. Shoulder stiffness can be secondary to a shoulder
affliction, such as rotator cuff disease, osteoarthritis, trauma or surgery. In other cases,
when the etiology of the stiffness is unknown, the condition is termed “primary frozen
shoulder” or “primary idiopathic stiff shoulder” [1]. The loss of the shoulder’s full ROM
may lead to significant impairment in functionality that reduces the ability of the patient
to accomplish daily activities independently. Furthermore, altered kinematics occur as
a compensation mechanism and may lead to the development of subacromial impinge-
ment, scapular dyskensia, tendinitis, and degenerative changes [4]. Interventions for this
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pathology often include physical therapy [5], anti-inflammatory medication, intra-articular
hydrocortisone injections, distension arthrography, and surgery [6,7]. Home exercises may
also be encouraged [8]. In a recent study that compared the clinical and cost effectiveness
of three interventions for adults with frozen shoulder (early structured physiotherapy with
a steroid injection, manipulation under anesthesia with a steroid injection followed by post-
procedural physiotherapy, and arthroscopic capsular release followed by manipulation and
post-procedural physiotherapy) [9], the authors reported that no conclusions regarding the
superiority of one intervention over another could be drawn. While physiotherapy with a
steroid injection is the most accessible option, manipulation under anesthesia is the most
cost-effective option, compared to early structured physiotherapy or arthroscopic capsular
release [9]. For all interventions, the main anticipated outcomes are increased ROM and
reduced pain levels.

As detailed in a recent review [10], individuals are more interested in leisure activities
than in performing repetitive tasks during therapy. Consequently, virtual reality (VR) has
been used and shown to induce repetition by enhancing motivation and enjoyment [10].
Since patients with shoulder stiffness might become uninterested in repetitive exercises
and abandon them, thereby neglecting their rehabilitation, enriching exercises with newly
available technologies may promote their motivation. For example, biofeedback systems
have been shown to improve outcome measures in this population. In a recent randomized
controlled study of 66 individuals with unilateral adhesive capsulitis, the study group
performed shoulder abduction exercises with audible biofeedback provided by a wireless
motion sensor [11]. The feedback volume was increased in relation to the elevation of
the scapula. Compared to the control group, the study group that used the biofeedback
showed increased scapular upward rotation and decreased shoulder pain and disability
after two weeks and two months, respectively, and the improvement lasted six months [11].
Telerehabilitation has also evolved in recent years, mainly due to the requirement for social
distancing following the outbreak of the COVID pandemic. A recent study showed that
using inertial measurement unit-based sensors to track shoulder movements enhanced the
three-month rehabilitation outcomes of individuals with stiff shoulder by increasing their
compliance with training, thus improving functional recovery [12].

Virtual reality is another means to provide the user with real-time visual feedback
of their performance. It has been used extensively for upper limb rehabilitation, e.g.,
using the Kinect sensor [13]. Different VR systems have been shown to be effective in
survivors of stroke [14], as well as in individuals with kinesophobia and fragility in shoulder
periarthritis [15]. To the best of our knowledge, it has yet to be applied for individuals
with stiff shoulder. However, recently, a system that combines VR with wearable inertial
measurement unit sensors was designed to perform motor assessment of shoulder ROM
for this population [16]. The system was later utilized as a self-measurement system for
shoulder joint mobility during four shoulder joint movements [17]. These systems have
been used to provide non-manipulated real-time biofeedback.

Importantly, VR allows influencing of a patient’s perception by manipulation of values
presented to the user. This unique feature can provide a motivational addition to real-time
biofeedback exercises [18,19]. For example, a study showed that when post-stroke indi-
viduals ambulated at their own pace on a treadmill connected to a VR visualization of a
moving environment, when the VR optic speed was decreased, it promoted an increase in
gait speed, although the participants were not consciously aware of it [18]. The authors
assumed that if the patient walks faster during the physiotherapy sessions (even uninten-
tionally), then the resulting high intensity exercise will shorten the rehabilitation period.
However, the effect of manipulated virtual intervention for rehabilitation of the upper limb,
specifically for individuals with traumatic stiff shoulder, is yet to be tested. Therefore, we
sought to test the effect of manipulated virtual kinematic intervention on measures of active
and passive ROM, pain, and disability level in individuals with traumatic stiff shoulder.
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2. Materials and Methods

2.1. Study Design

This was a prospective randomized double-blinded study, in which individuals with
stiff shoulder were randomly assigned to two groups, each receiving six sessions of exercises
with kinematic biofeedback of shoulder movement. The feedback was manipulated for one
group and not manipulated for the other. The group assignment was unknown to both the
subjects and the researchers during the data collection.

2.2. Population

We recruited 16 patients with stiff shoulder; however, three dropped out of the study
of their own volition (see personal characteristics in Table 1). The inclusion criteria were:
age 18 to 70 years, at 6–24 weeks following a fracture of the proximal humerus, with limited
flexion and abduction up to 90◦, and with normal or corrected eyesight. The exclusion
criteria were: neurological pathology that affects the upper body, and previous shoulder
injury or degenerative alterations to the shoulder that limit its ROM. Ethical approval was
granted by the Hadassah Medical Center Helsinki Committee pretrial (approval number
0321–17-HMO, ClinicalTrials.gov Identifier: NCT03196674). All participants read and
signed an informed consent form.

Table 1. Patient characteristics of the non-manipulated feedback treatment group (NM-group) and
the manipulated feedback treatment group (M-group).

Characteristic
M-Group

(n = 6)
NM-Group

(n = 7)
p

Age (years) 60.2 ± 6.1 63.3 ± 7.3 0.518
Sex 5 females, 1 male 7 females 0.261
Injured shoulder 2 left, 4 right 4 left, 3 right 0.391
Weeks from injury 6.2 ± 2.2 8.7 ± 5.1 0.563

2.3. Measurement Tools

A goniometer was used to measure the active and passive ROM of the shoulder
(flexion and abduction) before and after the intervention [20,21]. A visual analogue scale
(VAS) was used to record shoulder pain [22,23]. In addition, the Disabilities of the Arm,
Shoulder and Hand (DASH) questionnaire [24] was administered [25]. The DASH score
ranges from ‘0’ (no disability) to ‘100’ (most severe disability). A subjective questionnaire
concerning satisfaction with the intervention included nine questions rated from ‘1’ (not
at all) to ‘5’ (very much so), including: I was pleased with the exercises, I was motivated
by the exercises, the exercises contributed to my self-esteem, I felt comfortable during the
exercises, the feedback I received during the exercises was clear, the exercise was easy, I
succeeded in the exercises, I enjoyed the exercises, I would have liked to continue with
these exercises during the rehabilitation.

2.4. The Intervention

The intervention took place at the Gait and Motion Laboratory at the Hadassah
Medical Center in Jerusalem. Each subject received a 6-session treatment plan (2–3 times a
week, 30 min per session). Each session included motion exercises of flexion and abduction.
In each session, 11 reflective markers were placed on the following anatomic landmarks:
right and left acromion, jugular notch, xiphisternal joint, T8 and C7 vertebras, medial and
lateral epicondyles of the elbow of the injured limb, and a three-marker cluster placed on
the injured humerus in the sagittal plane. Ten infra-red cameras (Qualisys, Gothenburg,
Sweden) tracked the coordinates of the markers at a frequency of 120 Hz. The subject
sat on a chair with no armrest, 2 m in front of a large screen (42 inch). Real-time visual
feedback was provided using Visual 3D (C-motion, Germantown, MD, USA) showing a
small skeletal representation of the subject’s torso and upper arm and a white moving
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graph showing advancing time on the X-axis and the 2D shoulder angle currently practiced
on the Y-axis, i.e., either flexion or abduction. A yellow horizontal line was set at 90◦ to
serve as a target (Figure 1). The kinematic feedback provided to the NM-group was the
actual shoulder angle detected by the motion capture system. The kinematic feedback
provided to the M-group was manipulated so that 10◦ were constantly subtracted from the
actual shoulder angle detected by the motion capture system. The rationale for choosing
a subtraction of 10◦ was based on preliminary trial-and-error with healthy individuals,
where we surmised that, in the current settings of screen size and distance from the screen,
subtraction of less than 5◦ might not be noticeable on screen, while a subtraction of more
than 15◦ could be detected by the subject and he or she might be aware of a “mistake” in
the feedback, so that the subject was not blinded to the manipulation. To achieve blinding
of the researcher, four templates were prepared for combinations of flexion/abduction
and manipulated/non-manipulated. The templates were named: ABD1, ABD2, Flex1, and
Flex2. The subject received either an ABD1 and Flex1 combination or an ABD2 and Flex2
combination. Each combination was either manipulated or not, but this was not disclosed
to the researcher collecting the data.

Figure 1. The subject (left frame) standing in front of the virtual presentation during shoulder
abduction (middle frame) and flexion (right frame), as presented to the subject. The horizontal
yellow line marks the target of 90◦. The white line is the shoulder angle, presented in real-time. In
these pictures, a healthy volunteer demonstrates a full range of motion.

2.5. Study Protocol

The subjects were randomly divided into two groups. One group received the non-
manipulated feedback treatment (NM-group; n = 6) and the second group received the
manipulated feedback treatment (M-group; n = 7). The shoulder passive and active ROM,
pain and activity levels were tested at baseline and after the six sessions. The satisfaction
questionnaire was filled out by each patient after the sessions.

2.6. Statistical Analysis

Statistical analyses were performed using SPSS 27.0 (SPSS Chicago, IL, USA). We
performed a Shapiro–Wilk test and found that most of the parameters were not normally-
distributed. We therefore represented descriptive statistics using median and interquartile
percentages and chose the Mann–Whitney U test, a non-parametric test, to compare the
two groups. The effect size, r, was calculated using the following equation [26]:

r =
z√
N

(1)

Statistical significance was considered at p < 0.05.
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3. Results

There were no statistically significant between-group differences at baseline in the
measures of active and passive ROM, VAS, or DASH scores (Table 2). However, following
the intervention, the M-group showed greater improvement in the active flexion ROM and
the DASH scores (Table 3). We used the Spearman correlation test to examine correlations
between the pain levels and DASH scores before and after the intervention—no statistically
significant correlations were found.

Table 2. Baseline active and passive range of motion (ROM) of shoulder flexion and abduction, visual
analogue scale (VAS) ratings for pain levels, and Disabilities of the Arm, Shoulder and Hand (DASH)
scores. Values are presented as median and interquartile percentages for each of the two groups: the
non-manipulated feedback treatment group (NM-group) and the manipulated feedback treatment
group (M-group).

Characteristic
M-Group

(n = 6)
NM-Group

(n = 7)
p r

Passive flexion ROM (◦) 90.0 (70.0–100.0) 97.0 (92.0–105.0) 0.197 −0.358
Passive abduction ROM (◦) 64.0 (47.5–75.0) 70.0 (60.0–80.0) 0.428 −0.220
Active flexion ROM (◦) 61.5 (38.8–77.5) 82.0 (78.0–85.0) 0.053 −0.536
Active abduction ROM (◦) 52.5 (39.5–59.0) 48.0 (44.0–60.0) 0.830 −0.060
VAS (0–10) 3.5 (0.8–5.1) 3.0 (0.0–5.0) 0.942 −0.020
DASH (0–100) 88.6 (72.7–108.6) 96.0 (81.1–104.3) 0.668 −0.119

Table 3. Percent of change (after the intervention/baseline × 100) in active and passive range of
motion (ROM) of shoulder flexion and abduction, as well as the Disabilities of the Arm, Shoulder and
Hand (DASH) score following 6 treatment sessions. The visual analogue scale (VAS) ratings for pain
levels are depicted as difference (after the intervention - baseline). Values are presented as median
and interquartile percentages for each of the two groups: the non-manipulated feedback treatment
group (NM-group) and the manipulated feedback treatment group (M-group).

Characteristic
M-Group

(n = 6)
NM-Group

(n = 7)
p r

Passive flexion ROM (%) 127.8 (113.3–173.2) 125.6 (106.0–152.5) 0.391 −0.238
Passive abduction ROM (%) 134.5 (115.8–191.4) 146.4 (137.3–180.0) 1.000 0
Active flexion ROM (%) 197.1 (140.5–425.0) 142.5 (139.1–151.3) 0.046 −0.555
Active abduction ROM (%) 150.0 (124.8–191.2) 162.5 (129.2–187.5) 1.000 0
VAS (0–10) 75.0 (12.5–106.8) 26.7 (5.0–120.8) 0.916 −0.034
DASH (%) 67.7 (52.8–86.2) 89.7 (83.8–98.3) 0.022 −0.634

As shown in Table 3 and Figure 2, measures of active flexion ROM and DASH scores
were improved to a greater extent in the M-group compared to the NM-group. However,
all the study population increased their active flexion ROM by at least 16◦, which is the
minimal clinical difference found for glenohumeral motion of people with a shoulder
pathology [27]. However, only four (57.1%) subjects in the NM-group improved their
DASH scores by more than 10.8 points, which is the minimal clinically important difference
for this evaluation [28], while all of the subjects in the M-group improved their DASH
scores by more than 10.8 points.
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Figure 2. The percentage change (before and after the intervention) in (a) the Disabilities of the
Arm, Shoulder and Hand (DASH) scores and (b) the active flexion range of motion (ROM) for both
the non-manipulated feedback treatment group (NM-group; n = 6) and the manipulated feedback
treatment group (M-group; n = 7).

There were no statistically significant between-group differences in the pain VAS
scores. Only two subjects (28.6%) in the NM-group and one subject (16.7%) in the M-group
improved their VAS score by more than 3 cm, which is the clinically important change in
pain VAS score [29].

There was no statistically significant difference in the satisfaction questionnaire scores
(p = 0.712, r = −0.111), as the median and interquartile percentages were 33.0 (25.8–38.0)
and 37.0 (29.8–40.5) for the M-group and NM-group, respectively.

4. Discussion

In this double-blinded pilot study, we showed, for the first time, that a manipulated
virtual real-time presentation of a subject’s movements during shoulder exercises pro-
moted greater active flexion ROM and better DASH scores after six weeks of intervention.
These results are consistent with the results of a similar manipulation of gait in stroke
survivors [18]. To the best of our knowledge, this is the first study to show an effect of a
manipulation-based intervention on functional measures of patients. Our pilot study may
serve as a first step towards integrating a perceptual component into designed interventions
that incorporate biofeedback to improve rehabilitation outcomes.

The success of the manipulation of visual cues over the proprioceptive cues of the
subjects in this study relies on recent findings from an investigation that incorporated a
visuo-proprioceptive conflict [30]. In this investigation, reaching movements were viewed
in a virtual environment and were altered in time (0.5 s delay). While the subjects were
aware of the manipulation, the authors found that precision control determined the influ-
ence of separate sensory modalities on behavior, by biasing action towards cues from that
modality. In our study, we anticipated that the subjects in the M-group would respond to
the virtual visual feedback by increasing the ROM of either flexion or abduction.
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The greater improvement observed in active flexion ROM in the M-group is an encour-
aging finding in support of manipulated real-time kinematic feedback. A recent systematic
review [31] concerning shoulder ROM needed for the performance of activities of daily
living, showed that a shoulder flexion ROM of more than 90◦ is required for tasks such as
turning a key, combing hair, or putting on a neckless. The majority of the subjects in both
groups did not have adequate shoulder ROM to perform these activities. However, the
improvement shown by our subjects, especially the significant improvement observed in
the M-group, allowed them to extend their daily activities. Unfortunately, there were no
between-group differences found in the active abduction ROM and the passive ROM. The
baseline measures for the flexion ROM showed a trend for lower ROM of the M-group,
although not statistically significant, so that some of the subjects in that group might have
had a larger potential for improvement compared to some subjects in the NM-group. How-
ever, the highest value of active flexion ROM at baseline in the NM-group was only 92◦,
which was well below the normal active flexion ROM of 160◦ reported in a similar age
group [32]. Therefore, we believe that the 54.6% median difference in percentage change in
the active flexion ROM between the M-group and NM-group indicates an advantage of the
manipulated feedback.

While some of the improvement in the active ROM might be attributed to compensa-
tion mechanisms via increased scapular upward rotation, clavicular motion, or position
alterations [33], the overall results suggests that the M-group achieved improved forward
flexion following the intervention, promoting their ability to perform daily activities, as
indicated by the higher DASH scores of this group. Since the baseline DASH scores of the
two groups were very similar, the statistically significant improvement in DASH scores
of the M-group suggests a positive effect of the manipulated intervention. In addition to
the improvement in DASH scores, shown by the higher percentage of change following
the intervention, it is notable that all the M-group subjects improved these scores by more
than the minimal clinically important difference, whereas in the NM-group three out of
seven subjects did not improve their scores by more than the minimal clinically important
difference. For these three subjects, the intervention was clearly less effective compared to
its effect on the rest of the subjects. While there was no between-group difference in pain,
we believe that the improvement in active flexion ROM resulted in improved functionality
in daily activities, which is a primary outcome measure in patients’ rehabilitation. In cases
where patients show no improvement in functionality following physical treatment, they
become candidates for surgical intervention [34].

There was high between-subject variability in the percentage improvement in pain
levels, as measured by the VAS scores. Although both groups showed similar improvement,
only three subjects improved their VAS score by more than 3 cm. This might be explained
by the use of conventional therapy in our medical center, as the pain level of each patient is
respected. In a prospective multi-center study that compared the pain levels of individuals
with stiff shoulder, it was found that patients undergoing conventional physiotherapy,
where their pain threshold was respected, reported higher pain levels in the first few
weeks of the treatment compared to patients who were encouraged to exceed their pain
threshold [35]. Since our pilot study lasted only six weeks, the variability in the levels of
pain improvement might be related to the effect of physiotherapy exercises conducted under
painful conditions. A different method, in which subjects continue to pursue higher levels
of ROM, despite their pain threshold being reached, might have produced different results.

Both groups reported similar satisfaction with the intervention. This is an important
factor when considering the future integration of manipulated feedback in motor rehabili-
tation, since it shows that the blinded M-group was not aware of the perceptive alteration
imposed by the feedback system. This indicates that the M-group performed non-volitional
modulation towards higher intensity exercises, promoted by the reduced kinematics pre-
sented to them. This response proved to be advantageous for their rehabilitation. However,
since one of the factors influencing patient satisfaction is clinical outcomes [36], the similar-
ity of the satisfaction levels between the two groups seems to contradict the benefits of the
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M-group over the NM-group, as found in the active flexion ROM and DASH scores. This
might be explained by other factors that can affect patient satisfaction, e.g., characteristics of
the physiotherapist, patient features, the physiotherapist-patient relationship, and features
of the healthcare setting [36].

The main study limitations are the small sample size and short intervention period.
However, the effect sizes for both statistically significant findings, i.e., the active flexion
ROM (0.555) and the DASH (0.634) score, exceeded a value of 0.5, which is considered a
large effect size [37]. Since effect size is independent of the sample size and was found to
be larger than 0.5 in this study, this supports the high impact of the intervention. Moreover,
there was high between-subject variability in most measured parameters, which was
expected for this population [38]. Future studies of manipulated feedback should involve a
longer intervention and examine possible habituation effects of the perception manipulation.
In addition, follow up examination to assess lasting effects of the intervention should be
added to the protocol.

5. Conclusions

We conclude that manipulated virtual kinematic intervention might be beneficial in
individuals with traumatic stiff shoulder and should be further tested for other populations
with orthopedic injuries, such as elbow and knee injuries. Furthermore, future system
creators should construct VR systems for home-use (personal exercises and/or telerehabili-
tation exercises), in which kinematic manipulation is included in the exercises. Machine
learning algorithms can be applied to negate habituation effects and increase the efficacy of
treatment. The positive effect of biofeedback manipulation should also be investigated for
other physical measures, such as grip or pinch forces and limb coordination.
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Abstract: Background: The surgery of knee replacement due to degenerative changes is the last step
of the treatment. After surgery, a major problem in patients is pain, swelling, intraarticular hematoma,
and the restriction of the mobility of the joint. The aim of this work was to determine the effect
of Kinesio Taping (KT) on reducing edema of the subcutaneous tissue and improving the range of
motion in the joint. Methods: 82 patients were qualified for the study. After surgery, 42 patients
received postoperative edema treatment with KT bands, and 40 patients did not receive the treatment.
The swelling thickness and range of mobility were measured on the third and eighth days after the
operation. Results: A statistical difference between the longitudinal measurements of the KT group
and the group without KT application was shown at the level of the fibula head, 25 mm below the
fibula neck, and 50 mm below the fibular neck. There were no statistically significant differences in
the change in knee angle between the applied and non-applied patients. Conclusion: The lymphatic
application technique KT influences the absorption of subcutaneous edema after primary knee joint
replacement surgery but has no influence on mobility.

Keywords: osteoarthritis; rehabilitation; swelling; total knee arthroplasty

1. Introduction

Osteoarthritis (OA) is a modern-age disease of an unknown etiology and a process in-
cluding various types of factors, such as genetic, metabolic, inflammatory, and mechanical
factors [1–3]. According to specialists, the symptoms of osteoarthritis are revealed in X-Ray
imaging in one-third of the world population [4]. Regarding etiology, osteoarthritis can be
divided into two types: primary (idiopathic) of unknown etiology and secondary [5]. A
knee joint is one of the most vulnerable to overload and the occurrence of degenerative
lesions, so-called gonarthrosis [6]. It is related to its structure and the function it serves in
transferring heavy loads [7]. The symptoms of gonarthrosis are characterized by pain at
the initial stage of motion, flexion deformity of the affected joints, morning stiffness lasting
up to 30 min or stiffness after inactivity, crepitus occurring during movement, and joint
effusion [8]. In the next stage of the disease, outline thickening and joint instability occur [9].
Conservative treatment of osteoarthritis is based on pain relief, flexion deformity reduc-
tion, muscle strength retention preventing joint contractures, tissue swelling reduction,
and gait function improvement [10]. Conservative treatment also includes physiotherapy
and pharmacological treatment [11]. Surgical treatment of a knee joint is the last part
of osteoarthritis treatment. Knee endoprosthesis is a surgical procedure to replace the
damaged joint structure with new elements [12]. An artificial knee joint is made of metal
elements that imitate distal femoral epiphysis and proximal tibial epiphysis [3,12,13]. They
are separated with a spacer made of plastic. The method of surgery and the choice of
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implant depend on many factors, i.e., degenerative changes in a knee joint, the age of a
patient, and their general condition [12,13]. In the first few days after the surgery, a patient
may be affected with the following problems: the pain of an operated limb, intra-articular
hematoma, subcutaneous edema, and flexion deformity. Long-lasting symptoms may
inhibit the process of post-surgical and full recovery [14]. Regarding the growing number
of patients undergoing surgery as a result of advanced osteoarthritis, it is legitimate to seek
new and effective physiotherapeutic methods applied in the initial phase of a postoper-
ational period) [15,16]. One of the most advanced therapies supporting postoperational
recovery, which functions 24 h a day, is the method of dynamic application of Kinesio
Taping (KT) [15,16]. Therapeutic knee patching combined with moderate adapted training
has been proven to be an effective method for managing pain and disability limitations
in patients with knee osteoarthritis [17]. According to the author of this method, it is
possible to achieve pain-relieving, anti-swell, corrective, and sensation-improving effects,
depending on different types of tensions and applications of the tape [16]. The applied
KT lymphatic technique is based on the application of the tape with the tension of 15%
with the anchor near the proximal lymph node [15,18–20]. Its aim is to enable the flow of
lymph and blood from the place of congestion and lymphedema by a slight elevation of
the skin. Tape properties, such as wave pattern, elasticity, thickness, and weight, similar to
skin parameters, enable the extension of the space between the dermis and fascia, which
improves the uninhibited lymph flow [15,18–20]. A proper application also enables the
normalization of muscle and fascial tonus and their corrective positioning. It results in
muscle loosening and supports its work during the motion. KT assumes the application of
natural self-healing processes of the organism [15,18–20]. The advantage of this method is
safety and the low cost of the therapy [21].

On the basis of the above considerations, it can be assumed that in patients who un-
derwent the primary surgery of knee endoprosthetics, the application of the KT lymphatic
drainage technique will enhance the subcutaneous edema resorption and improve the
range of motion (ROM) in a knee joint in the first days after the surgery.

2. Materials and Methods

In order to obtain a homogenous group, patients qualified for the revision surgery
of knee endoprosthetics, patients who suffered or are currently suffering from deep vein
thrombosis of the lower limbs, patients qualified for the primary endoprosthetics as a
result of post-traumatic osteoarthritis, and patients, after other surgeries carried out on
the lower limbs, were excluded from the research. The criterion for entering the group
was the qualification for the primary endoprosthetics of a knee joint on the basis of clinical
symptoms according to the American College of Rheumatology (ACR) and radiological
symptoms according to Kellgren–Lawrence Scale.

After the application of the above criteria, 82 inpatients (17 males and 65 females,
median age 67.22 ± 7.14) of the Chair and Department of Rehabilitation and Orthopaedics
and Chair and Department of Orthopaedics and Traumatology of the Independent Public
Teaching Hospital No.4 in Lublin were qualified, in the period from October 2018 to March
2020 (Table 1). Each qualified patient was provided with an information sheet, and after
examining the scope of research, they signed informed consent for participation in the
research. The patients were informed about the possibility of withdrawing at any stage
of the research. The Bioethical Commission operating at the Medical University of Lublin
issued consent for the research to be carried out (Resolution of Ethical Commission, no.
KE-0254/288/2018). The group of patients who qualified for the research was divided
into two subgroups: a group of 42 members where, in the third 24 h after the surgery, the
lymphatic application of Kinesio Taping was introduced into the postoperative edema
treatment; and a group of 40 members where dynamic tapes were not applied.
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Table 1. Patients characteristics.

KT Without KT Test p

n 42 40 - - -

Age (years) 66.69 ± 6.78 67.78 ± 7.56 T −0.68 0.51

Sex M = 33
K = 9

M = 32
F = 8 Z 0.11 0.92

Weight (kg) 81.62 ± 13.57 80.05 ± 15.15 T 0.49 0.62

Height (m) 164.93 ± 6.87 163.20 ± 8.76 Z 1.21 0.23

BMI 30.03 ± 4.85 30.10 ± 5.59 T −0.06 0.95

2.1. Methods
2.1.1. Clinical Assessment of Disease Activity in Osteoarthritis

The Kellgren–Lawrence scale was applied for the clinical assessment of disease activity
in osteoarthritis. It is a five-step grading system allowing for the assessment of radiological
changes in patients with osteoarthritis. The radiological assessment of the disease activity
was based on radiograms in the anterior-posterior (AP) view that revealed the presence of
osteophytes, joint gap narrowing, and subchondral bone sclerosis [22,23]. Patients graded
III and IV on the Kellgren–Lawrence scale were qualified for the research.

2.1.2. Assessment of Postoperative Edema

The measurements of edema thickness in the proximity of a knee joint above the fibula
were carried out in both groups of patients in the third and eighth 24 h after the surgery by
a Simens ACUSON S2000 HELX EVOLUTION (Siemens, Erlangen, Germany) with a linear
probe, 18L6 HD. Measurements were taken at the level of the fibula head, 25 mm below the
fibular neck, and 50 mm below the fibular neck along the longitudinal axis (Figure 1).

Figure 1. Demonstration of the conduct of a time-divided experiment. ROM—range of motion;
KT—Kinesio Taping; USG—ultrasound.
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2.1.3. Application of Dynamic Kinesio Tape

In the patients of the research group, in the third 24 h after the surgery, KT 10 mm
dynamic tapes in the shape of a fan were applied to the lateral and medial sides of the
tibia. The lymphatic drainage technique was introduced. The proximal point, the tip of the
tape, i.e., the anchor of the tape, was applied without tension at the level of the popliteal
fossa in the proximity of the fibula head lymph nodes on the medial side of a knee. Distal
points, or tails, were applied with 15% tension and reached the lateral ankle and medial
tibia (Figure 2). The tapes remained on the skin for 5 consecutive days [24,25]. On the
eighth 24 h, they were removed, and the skin was cleansed (Figure 3). The application
of the tapes was carried out by a qualified physiotherapist with 20-years of experience in
rehabilitating patients.

 

Figure 2. KT Lymphatic application on the lower leg.

 

Figure 3. After eighth 24 h, KT Lymphatic application on the lower leg.
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2.1.4. ROM Assessment in a Knee Joint

On the third and the eighth 24 h after the surgery, the ROM in the knee joint was
tested by the use of a goniometer. The initial position was lying down with straight lower
limbs. The goniometer axis was set in the proximity of the fibula head in compliance
with the transverse axis of the joint. The fixed arm of the goniometer was aimed at the
greater trochanter of the femur, and the mobile arm was aimed at the lateral malleolus [26]
(Figure 1).

2.1.5. Postoperational Rehabilitation Programme

The rehabilitation program for all of the 82 patients was equal and introduced in the
first 24 h after the surgery. The program included exercises to prevent blood clotting in
the lower limbs, inner range quads exercises, isometric gluteus and lower leg exercises,
diaphragm breathing exercises, and active slow exercises.

The training was conducted with the application of a passive movement for flexion and
extension in the knee joint with the use of CPM within a tolerated painless ROM [27–29].
In the second 24 h after the surgery, the patients were actively verticalized with the use
of orthopedic appliances, such as walking frames. In the second or third 24 h, the drains
were removed. In both groups, a cold pack compress was applied for the first 24 h after the
surgery in order to reduce postoperational edema and pain [28,30,31] (Figure 1).

2.2. Statistical Analysis

In order to present the results in categorical and ordinal scales, methods of descriptive
statistics were introduced, i.e., number (N) and percentage (%). The statistical analysis
included the test of independence, χ2, in order to assess the relationship between the
examined variables on categorical and ordinal scales. In order to present the results
on a quantitative scale, the following methods of descriptive statistics were introduced:
arithmetic mean (x), median (Me), standard deviation (SD), minimum (Min), maximum
(Max), and interquartile range (IQR). In order to assess the compliance of the distribution
of the examined variables with normal distribution, a Shapiro–Wilk test was introduced.
In the cases where there was no normal distribution of variables, nonparametric tests
were applied, and, in the cases when a normal distribution of variables was revealed,
parametric tests were applied. Wilcoxon’s signed-ranked test was applied in order to
assess the difference between the two measurements. The Student’s t-test was applied
for the independent trials, and the Mann–Whitney test was applied in order to assess the
differences in the values of the variables between the two groups. The assessment of the
correlation between the variables was defined by Pearson correlation and Spearman’s rank
correlation. Statistical inference of 5% and related to its level of statistical significance (α) of
0.05 (α = 0.05) were assumed. On the basis of the results of the analysis, the probability value
rules were applied: p < 0.05—statistical significance, p < 0.01 strong statistical significance,
and p < 0.001—very strong statistical significance. The statistical analysis was conducted
by Statistica v.13.0 software (StatSoft, Tulsa, OK, USA). In order to collect and support
statistical analyses, MS Excel 2010 (Microsoft, Redmond, WA, USA) software was used.

3. Results

3.1. Comparison of Differences in Linear Measurement in Ultrasound Scan between ‘KT’ Group
and ‘Non-KT’ Group

The examination revealed statistically a significant difference in the linear measure-
ments above the fibula head at its peak in patients with KT compared to patients without
KT (t = −3.01; p < 0.01). In the group of patients with KT, a mean decrease of −1.12 mm
was observed, whereas in the group of patients without KT, a mean decrease of −0.18 mm
was observed (Table 2).

The research revealed a statistically significant difference in the linear measurements
of 2.5 cm from the fibula neck in the group of patients with KT compared to the patients
without KT (t = −2.60; p < 0.05). In the group of patients with KT, a mean decrease of
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−0.9 mm was observed, whereas in the group of patients without KT, a mean increase of
0.02 mm was observed (Table 3).

Table 2. Differences [mm] in linear measurement taken above fibula head at the highest point.

Group n x Me Min Max IQR SD
Student’s t-Test

T p

Differences in mm KT 42 −1.12 −1.10 −4.50 1.70 1.90 1.32
−3.01 <0.01 *

Differences in mm Without KT 40 −0.18 0.00 −3.40 2.70 1.70 1.51

* Significant difference, IQR—interquartile range, SD—standard deviation, KT—Kinesio Taping.

Table 3. Differences [mm] in linear measurement taken 2.5 cm above fibula neck.

Group n x Me Min Max IQR SD
Student’s t-Test

T p

Difference in mm KT 42 −0.90 −0.75 −3.90 2.90 1.40 1.43
−2.60 <0.05 *

Difference in mm Without KT 40 0.02 −0.05 −4.20 4.40 1.85 1.76

* Significant difference, IQR—interquartile range, SD—standard deviation, KT—Kinesio Taping.

The research revealed a statistically significant difference in the linear measurement
of 5 cm from the fibula neck in the group of patients with KT compared to the patients
without KT (Z = −2.64; p < 0.01). In the group of patients with KT, a mean decrease of
−0.82 mm was observed, whereas in the group of patients without KT, the mean value of
the change was 0 mm (Table 4).

Table 4. Differences [mm] in linear measurement taken 5 cm above fibula neck.

Group n x Me Min Max IQR SD
Mann–Whitney Test

Z p

Difference in mm KT 42 −0.82 −0.80 −3.60 3.20 1.40 1.34 −2.64 <0.01 *
Difference in mm Without KT 40 0.00 0.00 −5.20 3.40 2.00 1.79

* Significant difference, IQR—interquartile range, SD—standard deviation, KT—Kinesio Taping.

3.2. Comparison of Differences in Knee Flexion Angle in the Third and the Eighth 24 Hours in ‘KT’
Group and ‘Non-KT’ Group

The research revealed a statistically significant greater knee flexion angle in the patients
with KT (Z = 5.51; p < 0.001). The research revealed a statistically significant greater knee
flexion angle in patients without KT (Z = 5.37; p < 0.001) (Table 5).

Table 5. Measurement of the knee joint angle.

Group n x Me Min Max IQR SD
Wilcoxon Test

Z p

3rd 24 h without KT; flexion angle With KT
before 42 44.48 40.00 20.00 80.00 12.00 13.40

5.51 <0.001 *

8th 24 h after KT; flexion angle With KT
after 42 68.64 70.00 40.00 110.00 20.00 15.52

3rd 24 h without KT; flexion angle Without KT
before 40 41.63 40.00 20.00 75.00 13.50 12.01

5.37 <0.001 *

8th 24 h after KT; flexion angle Without KT
after 40 61.73 60.00 30.00 95.00 20.00 15.97

* Significant difference, IQR—interquartile range, SD—standard deviation, KT—Kinesio Taping.

The research did not reveal any statistically significant differences in knee flexion
angle in patients with KT compared to patients without KT (t = 1.55; p > 0.05) (Table 6).
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Table 6. Difference in knee flexion angle.

Group n x Me Min Max IQR SD
Student’s t-Test

T p

Difference flexion angle KT 42 24.17 20.00 0.00 60.00 15.00 13.02 1.55 >0.05

IQR—interquartile range, SD—standard deviation, KT—Kinesio Taping.

The research revealed no statistically significant correlation between the change in
ROM in a knee joint and the change of parameters specific to the subcutaneous edema in
the group of patients without KT (Table 7).

Table 7. The results of the correlation analysis of the change in improvement in the range of mo-
tion (ROM) in the joint with the variables characterizing the level of subcutaneous tissue swelling
according to the Spearman and Pearson correlation.

Variable Group n R p

Difference in mm
KT 42 0.02 >0.05

without KT 40 0.01 >0.05

Difference in mm
KT 42 0.05 >0.05

Without KT 40 0.01 >0.05

Difference in mm
KT 42 −0.18 >0.05

Without KT 40 0.03 >0.05

Circuit difference at the height of the fibula head (cm)
KT 42 −0.22 >0.05

Without KT 40 −0.11 >0.05

Circuit difference 2.5 cm above fibula neck (cm)
KT 42 −0.08 >0.05

Without KT 40 −0.06 >0.05

Circuit difference 5 cm above fibula neck (cm)
KT 42 −0.17 >0.05

Without KT 40 0.09 >0.05
KT—Kinesio Taping.

4. Discussion

The aim of this work was to determine the effect of Kinesio Taping (KT) in reducing
edema of the subcutaneous tissue and improving the ROM in the joint. In our study, we
saw a positive effect of KT on the amount of swelling. This involves the tape being stuck
to the skin to gently lift it, thus removing lymphatic obstructions and reducing pressure
by widening the space between the dermis and fascia. It causes an uninhibited flow of
lymph and blood. This mechanism results in accelerated tissue healing when lymphatic
obstruction and edema are reduced [15,32,33]. In addition, skin elevation elongates the
interstitial space, which reduces pressure on subcutaneous nociceptors [33–35]. Previous
studies highlight the positive effects of KT on lymphedema [36,37].

Tsai et al. [38] compared traditional arm dressing after breast cancer surgery to the
lymphatic drainage application of dynamic tape. In their research paper, the authors stated
that in patients with KT, the swelling was reduced faster and with better acceptance than
in patients with elastic bandages applied for longer periods [38]. Another example of
lymphatic drainage application in postoperational facial skeleton edema was presented
by Lietz-Kijak et al. in their research paper. The authors carried out a pilot experiment on
16 patients after orthognathic surgery in which KT was applied twice with a two-day
interval in the facial area. The research revealed a statistically significant reduction in
edema, which had a substantial influence on further treatment and facial functions [39].
Similar research regarding the efficacy of the lymphatic drainage KT technique after tem-
poromandibular joint surgeries was carried out on a group of 30 patients by Ristow [40].
The aim of his research was to establish if the application of dynamic tape prevents edema,

82



J. Clin. Med. 2022, 11, 3456

pain, and trismus after the surgery of a broken zygomatic bone and if it improves post-
operational quality of life. As in the research of my own, the KT was applied once in
the first days after the surgery for a period of 5 days. The growth of facial edema was
assessed with linear measurements, and a difference of 60% was revealed compared to a
control group in the first two days of application. In the abovementioned research, the KT
application had no influence on pain sensation and the ROM in the temporomandibular
joints [40,41]. The influence of dynamic KT tapes on postoperational edema was also
examined by Białoszewski et al. [42] in patients treated with the Lizarow method in the
lower limbs. In their paper, the authors compared the effectiveness of lymphatic drainage
application to the application of traditional lymphatic drainage massage.

The application of taping in a sample group resulted in a greater reduction in edema
and the reduction in hip and lower leg circumference than after the application of lymphatic
drainage [42]. As in the research of my own, V. Donec et al. [43] assessed the influence of
anti-swelling KT and other physiotherapeutical treatments used routinely on the reduction
in postoperational edema, pain, and ROM improvement after the primary endoprosthetics
of a knee joint. The sample group consisted of 94 patients. In all of them, significant
improvement was observed regarding pain sensation, measured with a numeric pain rating
scale, NPRS, and a statistically significant reduction in limb circumference in patients
with KT was revealed. The technique applied in Donec’s research had no significant
influence on ROM in a knee joint in either of the groups [43]. The abovementioned study
revealed results that indicate the positive influence of anti-swelling properties and edema
reduction (t = −3.01; p < 0.05). In Donec’s research, KT was also applied on the second
24 h after the surgery and remained attached for up to 28 days, re-applied every fifth
day with a one-day interval. Our results are consistent with those of Jarecki, based on a
smaller group [20]. In the research of my own, in addition to a centimeter tape measure, an
ultrasound scan was also applied, which enabled an objective evaluation of the results and
a detailed measure of the subcutaneous tissue. Ultrasound imaging facilitates a detailed
assessment of soft tissues surrounding the joint statically and dynamically [44]. Summing
up, postoperational subcutaneous edema is a considerable problem in the initial phase
of physiotherapy of patients after surgeries. KT dynamic taping is a reliable alternative
method, and it supports edema treatment. It should be considered for ongoing therapy for
patients with surgical edema. It may accelerate the comfort of hospitalization and surgical
sequelae. It is advised to carry out further research in order to prove the effectiveness of
the KT method in improving ROM. It should cover a larger number of patients and be
extended by the application of dynamic taping after other surgeries in order to enable an
objective evaluation of the results of the treatment.

The study presented here has several limitations. The first limitation is the evaluation
of therapeutic effects for up to 8 days. Future studies should increase the time to observe
treatment effects in subjects. The time of 8 days was related to the average time of patients’
discharge from the hospital. This is a crucial time to implement rehabilitation management.
Another limitation was the lack of use of an adapted activity protocol, which should
be considered in future studies. Another limitation was the lack of consideration of the
patients’ lifestyle habits before surgery, e.g., alcohol consumption and cigarette smoking.

5. Conclusions

The results indicate that the spread of subcutaneous tissue edema after KT application
was significantly reduced, so the extension of postoperative physiotherapy to include KT
lymphatic application should be considered. Further research into the possible effects of
lymphatic KT on ROM is suggested.
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Abstract: The incidence of total knee arthroplasty (TKA) is steadily increasing worldwide. Therefore,
it is crucial to develop efficient rehabilitation protocols and investigate the innovations in medical
technology, which could improve rehabilitation outcomes. The aim of the study was to investigate
the effect of adding electromyographic biofeedback (EMG-BF) to the conventional program of
rehabilitation after TKA on quality of life, intensity of pain, and functional performance. The study
was designed as a randomized controlled trial. A total of 131 patients were randomly assigned to
two groups: an experimental group (n = 67; median age 70 (IQR 10)), and a control group (n = 64;
median age 69 (IQR 9)). Both groups participated in an inpatient program of 21 days of rehabilitation,
including land-based and aquatic exercise therapy, electrotherapy, and education. In the experimental
group, a portion of land-based exercise therapy was supplemented by EMG-BF. A numeric rating
scale (NRS), Knee Injury and Osteoarthritis Outcome Score (KOOS), use of mobility aids, 30 s chair
stand test (CST), and timed up and go (TUG) test were used to measure outcomes. Both groups
improved their functional abilities from day 1 to day 21 of rehabilitation. A higher proportion of
participants did not use a walking aid (p < 0.002), and their NRS, KOOS, 30 s CST and TUG scores
improved (p < 0.001). There were no significant differences between the groups in the outcomes.
EMG-BF did not provide additional benefits to the conventional rehabilitation after TKA.

Keywords: biofeedback; knee replacement; rehabilitation; quality of life; physical functional performance

1. Introduction

Knee osteoarthritis is one of the most frequent musculoskeletal degenerative disorders
in older age. The knee joint has an important role in mobility and activities of daily
life, and pain and lack of knee function greatly affect the quality of life [1]. In advanced
stages of osteoarthritis, patients face progressive disability and lowered quality of life,
and the healthcare system faces higher costs [2]. Established conservative treatments for
knee osteoarthritis include exercise therapy [3], knee bracing [4], physical modalities [5],
and pharmacotherapy [6], but their long-term effectiveness is limited; thus, total knee
replacement is ultimately needed for the majority of patients with knee osteoarthritis.

Therefore, many older adults undergo total knee arthroplasty (TKA) to restore their
ability to walk, independence, and quality of life. TKA has become one of the most common
orthopedic procedures [7], and its incidence has increased steadily since the introduction
of the procedure and continues to increase in all age groups with the goal of relieving
symptoms of osteoarthritis and restoring function [8].
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Efficient rehabilitation is crucial for restoring function following TKA [9]. Patients
after TKA often experience pain and impaired muscle strength, especially of m. quadri-
ceps femoris and decreased neuromuscular control [10], which is dealt with during the
postoperative rehabilitation. These problems affect patients’ function and satisfaction.
Restoring m. quadriceps femoris strength is a common goal following TKA. Most rehabili-
tation protocols include therapeutic exercise and physical agents such as cryotherapy and
electrotherapy [11,12].

Despite significant efforts to improve the outcomes after TKA, many patients fol-
lowing TKA experience persistent muscle weakness, functional impairment, and pain in
the long term [13–15]. Therefore, investigating the efficiency of innovations in medical
technology which could improve rehabilitation outcomes for this group of patients is rather
important. Recent innovations in rehabilitation technology have to be verified to prove
their clinical meaningfulness and justify their cost. One of the recent innovations in med-
ical rehabilitative technology is electromyographic biofeedback (EMG-BF), which could
hypothetically improve m. quadriceps femoris strength and therefore positively impact
functional outcomes after TKA and offer additional benefits to these patients. Its usefulness
after TKA is still rather unexplored.

Electromyographic biofeedback is an additional treatment modality that can be used
to modulate muscle contraction by bringing the muscular tension to the level of conscious-
ness [16]. It is the technique of providing biological information to patients in real-time
that otherwise would be unknown [17]. EMG-BF is used in combination with conventional
rehabilitation with the goal of improving strength and functionality for various orthopedic
conditions. The evidence regarding its efficacy after TKA is still limited, but a recent
systematic review showed its potential in controlling pain and improving m. quadriceps
femoris strength and functionality after TKA [16].

The objective of this study was to examine the effects of adding EMG-BF to the
conventional program of rehabilitation after TKA, consisting of therapeutic exercise and
electrotherapy, on objective and subjective functional outcomes, including pain, patient-
reported measure of quality of life, lower body strength, mobility, and functional perfor-
mance. This would add new evidence to the body of scientific knowledge regarding the
optimal design of rehabilitation protocols after TKA and improve patients’ outcomes. If
EMG-BF is found to have significant effects on patients’ recovery, then its use could be
justified in postoperative rehabilitation after TKA. We hypothesized that adding EMG-BF
to the conventional rehabilitation program would improve the objective and subjective
functional outcomes of patients.

2. Materials and Methods

2.1. Study Design and Population

The study was carried out as a prospective, parallel-group, single-blinded, randomized
controlled trial on patients after TKA attending inpatient postoperative rehabilitation at
Bizovacke Toplice Rehabilitation Hospital, Bizovac, Croatia, between November 2018 and
December 2019. The study was not blinded to participants because of its nature. However,
the assessors were blinded.

Patients were recruited by direct contact after checking into a rehabilitation institution.
Inclusion criteria were as follows: (1) patients of both genders after TKA without previous
postoperative inpatient postoperative rehabilitation; (2) age between 18 and 79 years; and
(3) ability to read, understand, and speak Croatian language.

Exclusion criteria were: (1) patients after revision TKA, (2) patients with comorbidities
that did not allow normal mobility due to other causes (e.g., hemiparesis, severe diseases,
and conditions affecting internal organs), (3) non-ambulatory patients before TKA where
surgery was performed only for pain relief, and (4) patients not able to follow standard
institutional rehabilitation protocol.

Ethical approval was obtained from the Ethics Committee of the Bizovacke Toplice
Rehabilitation Hospital, Bizovac, Croatia (no. 71/2018/I), and the trial was registered with
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The Australian New Zealand Clinical Trials Registry (ACTRN12618001782224). Participants
gave their written informed consent. The trial was conducted in accordance with the
Declaration of Helsinki.

2.2. Randomization

When patients satisfied all inclusion criteria and gave their written informed consent,
they were randomly assigned into 2 groups: experimental (EG) and control (CG). We used a
computerized randomization stratification procedure with the 1:1 ratio in permuted blocks
of four to ensure a similar number of participants between groups. The assessors were
blinded to the group allocation of participants.

2.3. Sample Size and Power Analysis

Before conducting the study, the sample size was calculated using G*Power Soft-
ware [18], considering timed up and go test (TUG) as one of the primary outcome measures,
based on the results of studies published by Yuksel et al. [19] and Mizner et al. [20]. Con-
sidering a power of 80%, an effect size of 0.05, a one-sided 0.05 significance level, and a
15% dropout rate, 117 patients would be necessary to detect a 2.27 s difference between the
two groups, which is a minimal clinically important difference for this outcome measure.

2.4. Rehabilitation Protocol

Both groups participated in an inpatient program, which included 21 days of postoper-
ative rehabilitation after TKA according to standard institution’s protocol, which consists of
daily sessions of land-based exercise therapy, application of physical agents (interferential
current therapy and electrostimulation), group aquatic exercise, and individual education.

Each of the 21 days of rehabilitation followed the same protocol, except on Sundays
when patients did not receive physiotherapy. On average, there were three Sundays during
the patients’ stay at the rehabilitation institution, and there were 18 days of rehabilitation
consisting of 50 min of land-based exercise, 30 min of aquatic exercise, 10 min of interferen-
tial current therapy, and 10 min of electrostimulation. All interventions were performed on
a daily basis, except individual education, which was performed once. The intervention
was provided once per day, face to face, by a physiotherapist in a special hospital for
rehabilitation. Adherence to the treatment was monitored by the physiotherapist in charge.

Program of land-based exercise consisted of 20 exercises. Patients performed 7 vari-
ations of isometric exercises for thigh muscles and 13 dynamic exercises for lower limbs,
which include active straight leg raise (upward and combined upward and into hip ab-
duction) from a long-sitting position with and without elastic band, hip abduction straight
leg raise (and in combination with hip flexion and extension), hip flexion in long-sitting
position, leg extension in sitting position with an elastic band, hip abduction from sitting
position, hip flexion from sitting position, hip flexion and leg extension exercise on a Swiss
ball, and pelvic lift exercise. Isometric exercises were performed in sets of 1, with 5 repeti-
tions with a maximal effort lasting 5 s. Dynamic exercises were performed in 1–2 sets, with
10 repetitions. Progression of the dynamic exercise was achieved with an elastic band, and
during the last 6 days of rehabilitation, ankle weights (1 kg) were included.

Interferential current therapy was provided using Myomed 632 device (Enraf-Nonius
B. V., Rotterdam, The Netherlands) for a duration of 10 min using symmetrical waves, phase
duration of 100 μs, phase interval 0 μs, impulse frequency 80 Hz, modulation frequency
0 Hz, modulation program 1/1 s, with intensity in mA according to patient’s tolerance.

Electrostimulation was provided using Myomed 632 device (Enraf-Nonius B. V., Rot-
terdam, The Netherlands) for a duration of 10 min using symmetrical waves, phase dura-
tion of 500 μs, phase interval 0 μs, impulse frequency 1 Hz, modulation frequency 0 Hz,
modulation program 1/1 s, with intensity in mA according to patient’s tolerance.

Group aquatic exercise included 13 exercises for range of motion and strength (stand-
ing toe raise, standing heel raise, semi-squats, hip flexion, extension and abduction in
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standing position and while floating in the water, knee flexion and extension in standing
position and while floating in water).

Individual education was mainly targeted to the long-term care of the prosthesis regard-
ing how to return to activities of daily life, recommended and non-recommended activities,
coping with postoperative pain, and prevention of blood clots by regular physical activity.
It was provided by physiotherapists once, at the start of the rehabilitation, with additional
explaining as necessary (if patients had questions) during further rehabilitation sessions.

2.4.1. Experimental Biofeedback-Assisted Exercise Therapy

In the experimental group, a portion of land-based exercise therapy was biofeedback-
assisted (Myomed 632, Enraf-Nonius B. V., Rotterdam, The Netherlands), with individually
adjusted targets for muscular isometric contraction, according to the manufacturer’s in-
struction. Biofeedback was provided by superficial electromyography (EMG) unit, e.g.,
electrical activity of a muscle is registered and passed on as quantitative information (feed-
back) to the patient and the physiotherapist in real-time, during exercise. That way, the
patients were able to monitor the strength of the contraction on screen and try to achieve
adequate intensity of the muscular isometric contraction.

The device was attached to the patient via three electrodes, two EMG electrodes, and
one reference electrode. The EMG electrodes were placed on the muscle belly of the m.
quadriceps femoris according to manufacturer’s instruction. The reference electrode was
placed on the anterior portion of the tibia of the opposite leg. At the beginning of the
biofeedback-assisted exercise, the patient performed maximal isometric contraction of the
m. quadriceps femoris to establish the threshold, e.g., the target intensity of the muscular
contraction. The sensitivity of the EMG signal was set to 200 μV to achieve good visibility to
the patient, e.g., to achieve a good graphical representation of the muscle’s electrical activity
on the screen of the device. After the patient performed maximal isometric contraction, this
was recorded by the device.

The physiotherapist in charge set the threshold, which was the value of the muscular
contraction the patient should accomplish during the exercise, e.g., during periods of
active muscular contraction. The patient should have contracted the muscle above the
threshold, which was visible on the screen. The threshold was set to 80% of the maximal
isometric contraction achieved at the start of the session. The biofeedback-assisted exercise
consisted of isometric contractions of the m. quadriceps femoris for 15 min (10 s periods of
contraction and 10 s periods of relaxation between contractions).

2.4.2. Conventional Rehabilitation Protocol

The control group was given the same rehabilitation protocol except for biofeedback-
assisted exercise. They performed this portion of isometric exercises without biofeed-
back assistance.

2.5. Outcome Measures

Baseline information, taken at the initial interview on the first day of rehabilitation,
included demographic data, medical history, height and body mass, side of the operated
knee, level of the constraint of TKA, surgical technique and approach, place of the surgery
and whether it was performed at the university hospital or general hospital, postoperative
day, and mobility aid currently in use (one crutch, two crutches, walker or no mobility
aid used).

Body mass index (BMI) was calculated according to the standard equation. Both
groups had their assessments and measurements taken on their 1st and 21st day of inpatient
rehabilitation. They included the self-reported functional status of the knee using Knee
Injury and Osteoarthritis Outcome Score (KOOS), Croatian version LK1.0, pain intensity
measured by numeric rating scale (NRS), functional status of the lower extremity using
30 s chair stand test (CST), and patients’ mobility using TUG.
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2.5.1. Knee Injury and Osteoarthritis Outcome Score

KOOS is a self-reported questionnaire consisting of 42 items in 5 separate subscales of
pain, other symptoms, function in daily living (ADL), function in sport and recreation, and
knee-related quality of life with acceptable psychometric properties [21–23]. Standardized
options are given, and each question is assigned a score from 0 to 4. A normalized score
(where 100 indicates no symptoms and 0 indicates extreme symptoms) was calculated for
each subscale.

2.5.2. Numeric Rating Scale

NRS is a reliable and valid method of measuring pain intensity [24]. Common 11-item
NRS was used in which the participant selects a whole number between 0 (no pain) and 10
(worst pain imaginable) that best reflects the intensity of their pain.

2.5.3. Thirty-Second Chair Stand Test

Thirty-second CST is measured as a number of stands where the participants are
encouraged to complete as many full stands from a chair as possible within a 30 s time limit.
The score is the total number of stands executed correctly within 30 s. This test provides a
reasonably reliable and valid indicator of lower body strength in older adults [25,26].

2.5.4. Timed Up and Go Test

TUG measures the time that a person needs to rise from a chair, walk 3 m, turn around,
walk back to the chair, and sit down [27]. It has acceptable reliability and has a reasonable
predictive value of functional performance following TKA [25,28,29].

2.6. Statistical Analyses

Statistical analyses were performed using SPSS 25.0 (IBM, Armonk, NY, USA). The
normality of data was checked using the Shapiro–Wilk test, and the homogeneity of
variances was checked with Levene’s test. Descriptive statistics were performed for all
variables of interest and expressed as median and interquartile ranges.

The distribution of data was not normal except for the variables of body height and
body mass index, and we used the Mann–Whitney U test, Fisher’s exact test, and Chi-square
test for between-group analyses

For within-group analyses of dependant variables (pre- and post-intervention compar-
isons), we used Wilcoxon signed-rank test, Fisher’s exact test, and Chi-square test. Results
were considered significant for p < 0.05. All the analyses included all participants for which
data were available.

3. Results

A total of 131 participants admitted to inpatient rehabilitation were finally enrolled
in the trial and randomized into two groups: 67 to the EG and 64 to the CG. Fourteen
participants (10.7%) dropped out of the trial, eight from the EG (11.9%), and six from the
CG (9.4%) (Figure 1). Data from 117 participants were included for the final analysis, 59
from the EG and 58 from the CG. The EG and CG were well matched, without differences
in the baseline variables (Table 1) (p > 0.05). Both groups were comparable in terms of
age, sex, body height, body mass, BMI, level of education, operated side of the body,
level of the constraint of TKA, surgical technique and approach, place of the surgery,
postoperative day, use of walking aid, KOOS, NRS, and functional tests at the beginning of
their inpatient rehabilitation. All patients received posterior-stabilized implants using the
medial parapatellar surgical approach. The alignment was mechanical in all but six (three
from EG and three from CG) patients where kinematic alignment was used. The level of
expertise of the surgeons exceeded 50 TKA per year.

Patients in both groups spent 21(0) days hospitalized, and they had 18(0) days of
active rehabilitation.
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Figure 1. Consolidated Standards of Reporting Trials (CONSORT) flowchart of the study showing
recruitment of participants.

Table 1. Baseline characteristics for the experimental and control group.

Variable EG (N = 59) CG (N = 58)

Age (years; median (IQR)) 70 (10) 69 (9)
Body height (cm; median (IQR)) 168 (13) 165 (12)
Body mass (kg; median (IQR)) 87 (20) 84 (18)
Body mass index (kg/m2; median (IQR)) 30.8 (9.3) 30.3 (7.1)
Sex (N (%))

Male 17 (29) 24 (41)
Female 42 (71) 34 (59)

Education (N (%))
Secondary level 49 (83) 52 (90)
Tertiary level 10 (17) 6 (10)

Side of the operated knee (N (%))
Left 25 (42) 32 (55)
Right 34 (58) 26 (45)

Place of the surgery (N (%))
University hospital 13 (22) 15 (26)
General hospital 46 (78) 43 (74)

Postoperative day at the beginning of the inpatient rehabilitation (day;
median (IQR)) 64 (84) 70.5 (84)

Use of walking aid upon admission (N (%))
One crutch 21 (36) 17 (30)
Two crutches 29 (49) 32 (55)
Walker 0 (0) 0 (0)
No use of walking aid 9 (15) 9 (15)

KOOS score (0–100 scale; median (IQR))
Pain 25 (22) 29.5 (30.8)
Symptoms 32 (32) 32 (33)
ADL function 16 (17) 21.5 (31)
Sport and recreation function 5 (25) 5 (26.3)
Quality of life 44 (31) 38 (34)

NRS (0–10 scale; median (IQR)) 2 (5) 3 (5)
30 s chair stand test (no. of stands; median (IQR)) 9 (2) 9 (3)
TUG (seconds; median (IQR)) 13.8 (5.5) 15 (6.9)

EG—experimental group; CG—control group; IQR—interquartile range; N—Sample size; KOOS—Knee Injury
and Osteoarthritis Outcome Score; ADL—activities of daily living; NRS—numeric rating scale; TUG—timed up
and go test.
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3.1. Within-Group Analyses

Both groups improved their functional abilities from 1st day of rehabilitation until
the 21st day of rehabilitation when final assessments were done. A higher proportion of
participants did not use walking aid at the end of rehabilitation in both groups (p < 0.05)
(Figure 2). In the EG, 85% needed some form of walking aid at the beginning of the rehabil-
itation, but only 49% of the patients needed walking aid on their 21st day of rehabilitation
(p < 0.002). Likewise, 85% of the patients from the CG used walking aid on their 1st day of
rehabilitation compared to 53% of them on their 21st day of rehabilitation (p < 0.001).

Figure 2. Use of walking aids pre-intervention (day 1) and post-intervention (day 21).

KOOS scores improved in both groups when pre-intervention and post-intervention
values in all subscales were compared (p < 0.001) (Figure 3). Pain subscale improved by
61 points in the EG, and by 56.5 points in the CG. Symptoms score improved by 61 in both
groups. ADL function subscale improved by 77 points in the EG, and by 68.5 points in the
CG. Sport and recreation function improved by 15 points in both groups. Improvement of
the quality-of-life subscale was by 6 points in both groups.

Figure 3. Knee Injury and Osteoarthritis Outcome Score (KOOS) pre-intervention (day 1) and
post-intervention (day 21).
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NRS scores lowered significantly (p < 0.001), on average, by two points in both groups
(Figure 4). Both groups improved their 30 s CST result (p < 0.001) (Figure 4). The average
difference was the addition of three stands in the EG and two stands in the CG in compari-
son with the pre-intervention number of stands. The time needed to perform the TUG test
was significantly shorter in both groups (p < 0.001) (Figure 4). In the EG, the average time
period was shorter by 3.8 s, and in the CG, it was shorter by 4 s on average.

Figure 4. Numeric rating scale (NRS), 30 s chair stand test (CST), and timed up and go test (TUG)
scores pre-intervention (day 1) and post-intervention (day 21).

3.2. Between-Group Analyses

Table 2 shows walking aid use, KOOS and NRS scores, as well as 30 s CST and TUG
results on the 21st day of rehabilitation. There were no significant differences between the
EG and CG on 21st day of rehabilitation regarding walking aid use (Figure 2). Furthermore,
no differences were reported between groups in KOOS and NRS scores at the end of the
rehabilitation (Figures 3 and 4). Although the results of KOOS subscales ADL function
(p = 0.07) and Quality of life (p = 0.06) were borderline, there were below the determined
level of significance. Additionally, there were no significant differences between groups in
their 30 s CST nor TUG test results on their final assessment (Figure 4).

Table 2. Walking aid use, KOOS, NRS, 30 s chair stand test and TUG results on 21st day of rehabilitation.

Variable EG (N = 59) CG (N = 58)

Use of walking aid (N (%))
One crutch 26 (44) 25 (43)

0.557 aTwo crutches 3 (5) 6 (10)
Walker 0 (0) 0 (0)
No use of walking aid 30 (51) 27 (47)

KOOS score (0–100 scale; median (IQR))
Pain 86 (9) 86 (14) 0.212 b

Symptoms 93 (10) 93 (14) 0.488 b

ADL function 93 (8) 90 (12.5) 0.073 b

Sport and recreation function 20 (40) 20 (35) 0.660 b

Quality of life 50 (37) 44 (38) 0.055 b

NRS (0–10 scale; median (IQR)) 0 (2) 1 (2.3) 0.298 b

30 s chair stand test (no. of stands; median (IQR)) 12 (5) 11 (5) 0.129 b

TUG (seconds; median (IQR)) 10 (4.4) 11 (4.1) 0.143 b

EG—experimental group; CG—control group; IQR—interquartile range; N—Sample size; KOOS—Knee Injury
and Osteoarthritis Outcome Score; ADL—activities of daily living; NRS—numeric rating scale; TUG—timed up
and go test. a Chi-Square test; b Mann–Whitney U test.
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4. Discussion

This study aimed to examine the effects of adding EMG-BF to the conventional pro-
gram of rehabilitation after TKA on the objective and subjective functional outcomes of
the patients. The results did not confirm the beneficial effects of adding EMG-BF to the
regimen of rehabilitation that consisted of therapeutic exercise performed on land and in
the water, education, and electrotherapy, which consisted of interferential current therapy
and electrostimulation. There were no significant differences between the EG and the CG
regarding pain intensity, patient-reported measure of quality of life, or results of 30 s CST
and TUG at the end of the rehabilitation. We were not able to confirm our hypothesis. To
the best of our knowledge, only two previous studies have examined the effects of EMG-BF
in smaller samples of the TKA population, which makes the comparison of our study with
other studies difficult.

EMG-BF is a relatively new method of retraining muscles in orthopedic rehabilitation.
It converts myoelectrical signals in the muscle by using surface electrodes which detect a
change in muscle activity and feedback this information to the user by visual or auditory
signals [17]. Its main use in orthopedic rehabilitation is to increase activity in weak muscles
and to improve awareness regarding the contraction and relaxation of the muscle.

One of the previous studies comparing the effects of EMG-BF on a sample of the
TKA population was performed by Shanb et al. [30]. They evaluated the effects of adding
EMG-BF to active exercise training on m. quadriceps femoris torque, voluntary activation,
and functional activity in 45 patients with unilateral TKA. Beneficial effects of adding
EMG-BF to the exercise program were found only for The Western Ontario and McMaster
Universities Osteoarthritis Index in favor of the EG. The authors did not report significant
differences in m. quadriceps femoris torque and voluntary activation between groups.
Their sample was younger than ours, with an average age of 60.6 and 60 years for the EG
and CG, respectively. Furthermore, Shanb et al. excluded patients with BMI > 30 kg/m2,
and the BMI of their patients was, on average, 26 and 25 kg/m2, respectively. In our study,
the median of patients’ BMI was 30.7 kg/m2. Additionally, their intervention was different,
and it included exercise training sessions performed twice per week for 4 months.

Another previous study, conducted by Wang et al. [31], examined the effects of biofeed-
back training performed twice daily for 5 days in the early postoperative period after TKA
on pain levels. Patients in both groups received continuous passive motion (CPM) therapy;
however, those in the EG received 30 min of biofeedback-assisted progressive muscle
relaxation during the CPM sessions. Patients in the EG reported less pain caused by CPM
than the CG. The study provided support for biofeedback relaxation for pain management
in the early postoperative period.

Some other studies investigated the use of EMG-BF on different orthopedic condi-
tions affecting the knee joint. Draper and Ballard [32] reported that EMG-BF is more
effective than electrical stimulation in the facilitation of the recovery of peak torque of the
quadriceps femoris in patients after anterior cruciate ligament reconstruction. Further-
more, EMG-BF has superior effects regarding m. quadriceps femoris strength and Lysholm
Knee Scoring Scale in comparison to home exercise and electrical stimulation after partial
meniscectomy [33]. On the other hand, no significant additive effect of EMG-BF on regular
strengthening exercise programs in participants with knee osteoarthritis was reported by
Yilmaz et al. [34]. Few studies investigated the use of EMG-BF for patellofemoral pain
syndrome. Yip and Ng [35], as well as Ng et al. [36], suggested that EMG-BF coupled with
exercise provides effective treatment for patellofemoral pain syndrome. On the contrary,
Dursun et al. [37] did not find any beneficial effect of adding EMG-BF to the conventional
exercise program for patellofemoral pain syndrome.

While the use of EMG-BF seems promising in the rehabilitation of knee disorders,
further work is required to justify its use in patients after TKA. Voluntary activation and
strength of the m. quadriceps femoris are usually reduced after TKA and m. quadriceps
femoris strength in some patients can drop up to 62% of preoperative levels from three to
four weeks after surgery [20,38]. This negatively affects the quality of life, mobility, and
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balance, as well as increases the risk of falling [39]. Conventional strengthening exercise
programs used after TKA have limited success in long-term improvements of m. quadriceps
function [40], and up to 17% of patients are dissatisfied with the outcome after TKA [41].

Significant efforts to improve patient outcomes after TKA, including implant design,
patient optimization, perioperative pain management, and rehabilitation, have been under-
taken [12]. Postoperative rehabilitation has a significant contribution to patient outcomes.
Despite many rehabilitation modalities available, optimal rehabilitation strategy has yet
to be determined, and there is a scarcity of evidence-based practice guidelines and rec-
ommendations for postoperative rehabilitation after TKA [12]. Therefore, it is extremely
important to investigate the factors that could improve patients’ outcomes after TKA and to
identify therapeutic interventions which could be added to the conventional rehabilitation
programs to further improve functional outcomes and patient satisfaction scores. Still,
their use should be evidence-based, and the cost of providing them should be justified.
New equipment, methods, and devices intended to improve patient outcomes arrive on
the market and in rehabilitation facilities, but their comparative effectiveness and clinical
meaningfulness to the standard of care often remain unknown or uncertain [42].

This study has clinical relevance for patients after TKA. It confirmed that both groups
had significant improvements after intensive inpatient rehabilitation. However, the use
of EMG-BF did not justify the cost of the device, which could be taken into account when
planning to purchase expensive equipment with often uncertain clinical benefits. Expensive
equipment does not always give the best results.

The current study has some limitations. First, our period of intervention was only
21 days, which could be possibly too short a period to realize the full potential of EMG-BF
on the muscle function. Furthermore, we only did one final assessment on the participants’
final, 21st day of hospital stay. Follow-up after an additional month could have shown
some long-term effects of EMG-BF not visible on the 21st day of hospital stay. Additionally,
we did not measure m. quadriceps femoris torque and voluntary activation, but we relied
only on functional tests to assess the quadriceps strength and function. Quantitative
measurements of m. quadriceps femoris torque and voluntary activation would add to the
quality of the study. Likewise, our patients started the use of EMG-BF rather late in their
rehabilitation, and their BMI was above 30 kg/m2 on average. Thus, we cannot generalize
our results to the wider population of patients after TKA.

The impact of our research will facilitate further research regarding the use of EMG-BF
technology by seeking other modalities of its use that could be more clinically meaningful
and efficient. Future research should aim to investigate the long-term effects of EMG-BF in
various regimens, including different combinations of biofeedback-assisted isometric and
dynamic exercise during longer periods. Additionally, apart from using EMG-BF only on
m. quadriceps femoris, it should also be used on the m. gluteus medius since its strength is
also diminished in patients after TKA.

In conclusion, data suggest that EMG-BF proves no additional benefits to the rehabili-
tation after TKA. Conventional rehabilitation consisting of therapeutic exercise, education,
and electrotherapy yielded comparable results in terms of patient-reported quality of life,
pain intensity, and tests for lower body strength, mobility, and functional performance.
Further studies are needed to confirm these findings.
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Abstract: Hand movements are particularly impaired in patients with Parkinson’s Disease (PD),
contributing to functional disability and difficulties in activities of daily living. Growing evidence
has shown that robot-assisted therapy may be considered an effective and reliable method for
the delivery of the highly repetitive training that is needed to trigger neuroplasticity, as intensive,
repetitive and task-oriented training could be an ideal strategy to facilitate the relearning of motor
function and to minimize motor deficit. The purpose of this study is to evaluate the improvement
of hand function with semi-autonomous exercises using an upper extremity exoskeleton in patients
with PD. A multicenter, parallel-group, randomized clinical trial was then carried out at the IRCCS
Centro Neurolesi Bonino-Pulejo (Messina, Italy). Thirty subjects with a diagnosis of PD and a Hoehn–
Yahr score between 2 and 3 were enrolled in the study. Patients were 1:1 randomized into either
the experimental group (ERT), receiving 45 min training daily, 6 days weekly, for 8 weeks with
Armeo®Spring (Volketswil, Switzerland) (a gravity-supporting device), or the control group (CPT),
which was subjected to the same amount of conventional physical therapy. Motor abilities were
assessed before and after the end of the training. The main outcomes measures were the Nine-hole
peg test and the motor section of the UPDRS. All patients belonging to ERT and 9 out of 15 patients
belonging to the CPT completed the trial. ERT showed a greater improvement in the primary outcome
measure (nine-hole peg test) than CPT. Moreover, a statistically significant improvement was found
in ERT concerning upper limb mobility, and disease burden as compared to CPT. Using an upper
extremity exoskeleton (i.e., the Armeo®Spring) for semi-autonomous training in an inpatient setting
is a new perspective to train patients with PD to improve their dexterity, executive function and,
potentially, quality of life.

Keywords: gravity-supporting device; hand bradykinesia; Parkinson’s disease; upper-limb rehabilitation;
neurodegenerative diseases

1. Introduction

Bradykinesia and hypo-akinesia are the clinical hallmarks of Parkinson’s disease (PD),
mostly impairing the sequentiality and dexterity of upper extremities (UE) movements [1].
Notably, the motor impairment degree in PD patients has been shown to inversely correlate
with movement velocity and directly with task difficulty [2,3]. Indeed, UE functionality
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impairment is usually characterized by aberrant timing and force modulation, resulting in
a poor quality of hand movements [4]. These alterations contribute to the impairments of
body functions and structures and the difficulty in activities and participation [5,6], leading
to a lack of independence and poor quality of life [7,8].

Whether motor control deficits in PD are related to the slowness of movements rather
than to impairments in movement selection is still controversial, as the nature of bradyki-
nesia is still under investigation [9,10]. Initially, some authors suggested that bradykinesia
is due to an inability to generate appropriate muscle activity before and during voluntary
movements for the completion of the intended movement [11]. This was likely related to
executive function deficit and reduced motor information-processing in PD [11], resulting
in hypometric and increasingly impaired movements when the difficulty of a sequential
motor task increases [11]. Additionally, a decreased ability in thumb–index maximum
torque generation was found in PD patients [12]. Moreover, the basal ganglia have been
recently described to have a pivotal role in the pathogenesis of the disorder. Then, PD is
considered the consequence of the disruption of the excitability and plasticity of the basal
ganglia circuits, specifically of the M1 and other non-primary motor areas [9,13].

Some therapies have proven to be effective in the improvement of motor function,
enhancing the impact of non-motor symptoms and improving quality of life, even though
a poor response has been demonstrated concerning hand movement dexterity [14]. To date,
only a few studies focused on intervention strategies on UE and hand movements, particularly
regarding fully adaptive, assist-as-needed exercises of the traditional rehabilitation [15].

Indeed, most of the existing data have focused on gait using either robotics [16] or other
less expensive devices to improve the different gait parameters in patients with PD [17].

Innovative technologies are widely used in many neurological diseases, including
stroke, multiple sclerosis, and spinal cord injury, with the paramount effort to increase
the active range of motion and muscle strength [18,19]. Moreover, it has been shown that
better outcomes could be achieved when robotics is coupled to virtual reality, resulting
in a potentiation of body function and activities [20]. Such promising results depend on
the fact that conjugating robotics and virtual reality allows maximizing neural, motor
and functional recovery, by providing patients with lasting, challenging, repetitive, task-
oriented, motivating, salient, and intensive motor exercises; furthermore, virtual reality
may also provide patients with a potentiation of motor and cognitive functions [20–23].

There is an increasing interest in robotic rehabilitation in PD. Some studies showed
that the use of robot-assisted rehab is useful for gait training [15,24], improve freezing of
gait [25] to reduce the muscular activity requirements of PD patients [26], balance [27],
and reduce the amplitude of tremors [28]. Then, the use of advanced and computerized
technologies could provide a better rehabilitation in patients with PD [29,30]. However, no
data are available about the use of specific robotic devices to recover arm impairment in
PD patients.

The aim of this pilot study is to evaluate the efficacy of a gravity-supporting exoskele-
ton apparatus (i.e., the Armeo Spring; Hocoma, Zurich, Switzerland) on hand dexterity and
overall motor functions in PD patients (experimental robotic therapy-ERT) as compared to
conventional physical therapy (CPT).

2. Materials and Methods

2.1. Study Design and Population

We carried out a parallel-group, single-blinded, randomized controlled trial on the PD
patients attending either the Movement Disorders Clinic of the IRCCS Centro Neurolesi
Bonino-Pulejo (Messina, Italy) or its Spoke Centre (Palermo, Italy) between July 2019 and
March 2020. Indeed, the enrollment period was interrupted due to the COVID-19 pandemic
and some patients abandoned the study (Figure 1).
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Figure 1. Patients’ diagram flow.

The inclusion criteria were as follows: (i) history of idiopathic PD diagnosed according
to the UK Brain Bank criteria [31]; (ii) a Hoehn–Yahr stage between 2 and 3 determined
in the “on” phase [32]; and (iii) age between 50 and 80 years old. The exclusion criteria
were: (1) moderate to severe cognitive deficits potentially limiting comprehension of the
experimental task (i.e., a Mini-Mental State Examination < 20) [33]; (2) severe dyskinesia
or severe on–off motor fluctuations; (3) stereotaxic brain surgery for PD; (4) changes in
dopamine therapy dose (as per levodopa equivalent daily dose, LEDD) within 3 months
prior to baseline; (5) unstable cardiac or respiratory illness potentially interfering with the
training; and (6) any other medical condition that could compromise the training, including
severe osteoarthritis or peripheral neuropathies.

Written informed consent was obtained from all participants. The study was conducted
according to the laws, regulations, and administrative provisions relating to the implemen-
tation of good clinical practice in the conduct of clinical trials on medicinal products for
human use, as applicable by national legislation and the Declaration of Helsinki. The protocol
(No. U0074917/11110) was approved by the Ethical Committee of the IRCCS Centro Neurolesi
Bonino Pulejo (Messina, Italy) and was registered at ClinicalTrials.gov (NCT02721212).

2.2. Randomization

After the screening session, when patients satisfied all inclusion criteria, they were
randomly assigned to ERT or CPT. To this end, we adopted a computerized randomization
stratification approach. The randomization scheme (1:1 ratio) was set up in permuted
blocks of three to ensure a similar number of participants between groups. Addition-
ally, participants were stratified by their degree of disability and impairment (Unified
Parkinson’s Disease Rating Scale score, UPDRS) [34] to obtain a balance between groups
regarding the baseline physical capacity. The assessors were blinded to the group allocation
of participants.

100



J. Clin. Med. 2022, 11, 2543

2.3. Sample Size and Power Analysis

The sample size, in relation to the clinically significant changes in the primary out-
come, was calculated by means of a 2-sided, 2-sample t-test, and estimated in 60 patients
(30 per arm). More specifically, this sample size was required to maintain a type I error rate
of 0.05 and an 80% power to detect a significant between-group difference of 5.65 s [35]
(including a 10% dropout rate or loss to follow-up).

2.4. Experimental Robotic Therapy

The Armeo®Spring (Figure 2) is a mechanical device (Hocoma Inc., Zurich, Switzer-
land) characterized by an adaptable suspension system for the upper limb that offers
support from the shoulder to the wrist ending with a grasping system for the hand.

 

Figure 2. A patient with PD receiving the experimental training with the Armeo©Spring device.

System sensitivity can be adjusted depending on the patient’s condition. The system
gives information about movement parameters, such as resistance, strength, range of
motion, and coordination. Based on the patient’s active mobility, the system allows to
calibrate the working space and level of difficulty during the entire training period. The
device expands any movement, allowing reinforcement and facilitation of the arm by visual
feedback (2D virtual reality) with a three-dimensional space [36].

The training was supervised by a physiotherapist expert in robot-assisted therapy.
After the device was adjusted for the patient’s arm size and angle of suspension, the
workspace and exercises were selected. Exercise difficulties were modified during the
following sessions. Each training session consisted of 45 min per session for each arm with
Armeo®Spring, 6 days per week, for 8 weeks.

2.5. Conventional Physical Therapy

Patients in the control group received the same global treatment time of the ERT.
Patients were submitted to conventional rehabilitation, such as passive- and active-assisted
mobilization of the upper limbs, traditional training for neuromuscular facilitation, propri-
oception exercises, and reducing joints and muscles stiffness. Active exercises of reaching
and picking objects were also performed.

2.6. Outcome Measures

We provided the patients with the motor section of the UPDRS and the Motricity Index
for Upper Extremity (MI-UE) to test motor impairment, the nine-hole peg test (9HPT) [37]
to objectively evaluate hand dexterity, the Fugl-Meyer Assessment for the upper extremity
(FMA-UE) to test the UE motor ability to perform selective movements, the Functional
Independence Measure (FIM) to estimate the disability burden, and the numerical rating
scale of pain (P-NRS) to measure the range of pain intensity. The primary outcome was the
change of the 9HPT from baseline (T0) to post-treatment (T1). The secondary outcomes
were the changes of UPDRS, FMA-UE, FIM, P-NRS, and MI-UE from T0 to T1.
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2.6.1. Primary Outcome Measure

The 9HPT test was used to assess hand dexterity, by asking the patients to take nine
pegs from a container and place them into nine holes on a board and vice versa as quickly
as possible. Score was the time taken to complete the test activity [38].

2.6.2. Secondary Outcome Measures

The UPDRS is the most used screening tool to detect disease severity and motor and
non-motor complications in PD [34,38]. It consists of three subscales: part I: evaluation
of mentation, behavior, and mood by an interview; part II: the activities of daily life
by self-evaluation; part III or motor section is a clinician-scored motor evaluation; and
part IV is the evaluation of long-term levodopa complications, such as dyskinesia and
motor fluctuations.

The FMA-UE was used to evaluate upper limb motor ability to perform selective
movements. Of the motricity scales, the most popular used scale in PD is the Fugl-Meyer
Motor Assessment Scale [39,40].

The 33-item scale consists of 3 response categories (scores 0–2) for each item, with a
maximum score of 66 (indicating no impairment) with sub-scores of 36 for the upper arm,
10 for the wrist, 14 for the hand, and 6 for coordination and speed of movement [39,41].

The FIM measures the level of a patient’s disability burden and indicates how much
assistance is required for the individual to carry out activities of daily living. Each task
is rated on a 7-point ordinal scale that ranges from 1 = total assistance (or complete
dependence) to 7 = complete independence [42].

The P-NRS typically consists of a series of numbers with verbal anchors representing
the entire possible range of pain intensity. Generally, patients rate their pain from 0 to 10,
from 0 to 20, or from 0 to 100. Zero represents “no pain”, whereas 10, 20, or 100 represent
the opposite end of the pain continuum (e.g., “the most intense pain imaginable”, “pain as
intense as it could be”, and “maximum pain”) [43].

The MI-UE can be used to assess motor impairment. MI is a feasible measure that can
demonstrate the overall patients’ impairment. It is a simple, brief measure of general motor
function that can predict mobility outcomes post-stroke [44]. All motor assessment and
motor training sessions were performed bilaterally, in the affected and unaffected side.

2.7. Statistical Analysis

Between-group T0 differences were estimated using the Mann–Whitney test. The
significance of the changes in each outcome measure was calculated by conducting a
repeated-measure ANOVA for continuous numerical variables (using time, two levels,
and group, two levels, as factors) or a Wilcoxon signed-rank test for ordinal or nominal
variables. Depending on the significance of the main interactions and effects, Bonferroni
corrected pairwise comparisons using t-tests, Wilcoxon test, or Mann–Whitney test, where
appropriate, were tested. For all statistical tests, the significance level was set at α < 0.05.
All the analyses included all participants for which data were available.

3. Results

3.1. Baseline (T0)

Thirty-three patients were consecutively screened for study inclusion. Three failed the
inclusion criteria. Therefore, 30 patients were randomized to ERT or CPT. There were no
differences at baseline between the groups concerning age, disease duration, and LEDD
(Table 1; all p > 0.2).
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Table 1. Clinical-demographic features at baseline (T0). Data are reported as mean (SD) or median
(interquartile range), and p-value of Mann–Whitney test.

ERT (n = 15) CPT (n = 9) p-Value

Age (years) 65.7 (7) 62.7 (10.1) 0.1
Disease Duration (years) 5.3 (3.4) 6.2 (4.6) 0.6

LEDD (mg/day) 544 (198) 583 (191) 0.7
H&Y 2 (2–3) 2 (2–3) 0.4

Legend: CPT, conventional physical therapy; ERT, experimental robotic therapy; H&Y, Hoehn–Yahr stage
determined in the “on” phase; LEDD, levodopa equivalent daily dose.

Particularly, both groups had a Hoehn–Yahr stage between 2 and 3, which corre-
sponded to an on-average moderate impairment of body functions and structure and a
moderate difficulty impairment in activities and participation (i.e., present <50% of time,
with intensity that interferes with day-to-day lift, occurring occasionally over last 30 days).
The 9HPT, MI-UE, and FIM data were not available for three subjects belonging to the ERT
group (Tables 2 and 3).

Table 2. Outcome measure scores at T0 (baseline) and T1 (post-treatment) in the ERT (n = 15;
* n = 12) and CPT (n = 9) group. Data are reported as mean (SD) or median (interquartile range), and
p-value of within-group (using t-test or Wilcoxon test) and between-group comparison (using t-test
or Mann–Whitney test).

T0 T1 Within-Group Comparison Between-Group Comparison

9HPT
ERT 42.2 (17) 34.1 (14) 0.006

0.004CPT 35.1 (6.8) 31.4 (5.4) 0.9

UPDRS-III
ERT 28 (23–33) 21 (16–26) 0.06

0.5CPT 37 (31.5–41) 32 (23.25;40) 0.9

P-NRS
ERT 2.5 (0.5–3.5) 1.1 (0.3–1.8) 0.007

0.9CPT 4 (3–5) 1 (0–1.5) 0.01

MI-UE
ERT 72 (65–80) * 89 (83–94) * 0.04

0.0001CPT 77 (73.25–82) 82 (79.25;88.5) 0.8

FIM
ERT 104 (98–109) * 110 (105–115) * 0.6

0.6CPT 100 (99–103) 101 (100–106) 0.9

FMA-UE
ERT 48 (45–52) 53 (5–56) 0.007

0.009CPT 53 (51–55) 56 (52.5–59.5) 0.9

Legend: 9HPT, nine-hole peg test; UPDRS, Unified Parkinson’s Disease Rating Scale; P-NRS, numerical rating
scale of pain; MI-UE, Motricity Index for Upper Extremity; FIM, Functional Independence Measure; FMA-UE,
Fugl-Meyer Assessment for Upper Extremity.

3.2. Post-Treatment (T1)

Six patients belonging to the CPT dropped out (Figure 1). Therefore, 15 patients
belonging to ERT and 9 to CPT were analyzed. No adverse events were reported, apart
from the worsening of Pisa Syndrome in one patient. The analyses showed that ERT
achieved a greater improvement in 9HPT than CPT (Table 2). Furthermore, ERT showed
a greater improvement in UPDRS III, MI-UE, and FMA-UE (Table 2). On the other hand,
both ERT and CPT equally improved in P-NRS (Table 2). Most of the patients reported an
improvement in FIM; for instance, a patient started to work at the crochet again. When
considering the most affected UE (Table 3), greater changes were appreciable concerning
P-NRS, MI-UE, and FIM in ERT than in CPT, whereas both groups equally improved in
9HPT and FMA-UE.
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Table 3. Affected side assessment at T0 (baseline) and T1 (post-treatment) in the ERT (n = 15;
* n = 12) and CPT (n = 9) group. Data are reported as mean (SD) or median (interquartile range), and
p-value of within-group (using t-test or Wilcoxon test) and between-group comparison (using t-test
or Mann–Whitney test).

T0 T1 Within-Group Comparison Between-Group Comparison

9HPT
ERT 42.2 (17.3) * 34.1 (13.9) 0.001

0.7CPT 35.1 (6.8) 31.4 (5.4) 0.003

UPDRS-III
ERT 28

(23.25–32)
21

(15–22.5) 0.07
0.7

CPT 28
(26.25–31)

24
(23.25–26) 0.1

P-NRS
ERT 2.1

(1.1–4.1)
1.3

(1.2–1.4) 0.01
0.001

CPT 1.7
(1.6–1.9)

1.5
(1.4–1.6) 0.3

MI-UE
ERT 69

(64.25–76) *
87

(82.25–94) 0.001
0.002

CPT 84
(78–91.5)

82
(78.25–90.5) 0.4

FIM
ERT 103

(100.25–106.5) *
109

(104.25–112.5) 0.0001
0.4

CPT 86
(82.25–90)

122
(118.25–124) 0.0001

FMA-UE
ERT 48

(45.25–51)
52

(50.25–54) 0.001
0.008

CPT 56
(50–57.5)

57
(52.26–59) 0.08

Legend: 9HPT, nine-hole peg test; UPDRS, Unified Parkinson’s Disease Rating Scale; P-NRS, numerical rating
scale of pain; MI-UE, Motricity Index for Upper Extremity; FIM, Functional Independence Measure; FMA-UE,
Fugl-Meyer Assessment for Upper Extremity.

4. Discussion

The PD patients included in the study complained of altered UE functions (including
impaired timing and force modulation), with a compromised quality of hand movement.
Furthermore, all patients complained of a mild to moderate motor impairment and ability to
perform selective movements (UPDRS, MI-UE, and FMA-UE), disability burden (FIM), and
very mild pain rating (P-NRS). Overall, they thus complained of a moderate impairment
of body functions and structures and a moderate difficulty in activities and participation
consistently with the International Classification of Functioning, Disability and Health [6].

To the best of our knowledge, this is the first study preliminarily evaluating the efficacy
of an exoskeleton-based rehabilitation strategy in potentiating UE functions in PD patients
as compared to CPT [4]. Actually, there are not available specific rehabilitation protocols or
approaches to improve UE dexterity learning in PD. Both rehabilitation approaches were
able to provide PD patients with a significant improvement in UE functions. However, ERT
offered patients with specific benefits in terms of hand dexterity, overall UE movement,
and disability burden as compared to CPT.

This finding is consistent with a pilot study by Picelli et al. [14], which showed the
efficacy of the Bi-Manu-Track (Reha-Stim, Berlin, Germany) training in PD patients. In
particular, ten sessions of bilateral (mirror-like) passive and active, computer-controlled,
repetitive practice of forearm pronation/supination and wrist extension/flexion improved
9HPT and the FMA-UE. Despite the results of our study and those by Picelli et al. not being
directly comparable due to the different devices used, both studies suggest that repetitive,
robot-assisted UE training would be a promising tool to improve motor outcomes in PD pa-
tients. Furthermore, our results are in line with those by Lee et al., who observed significant
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improvements of UE fine and gross motor performance after several, repetitive treatment
sessions by constraint-induced movement therapy in twenty patients with PD [32].

The superiority of gravity-supporting device as compared to CPT in reducing the
impairment of, at least, some motor outcomes in PD patients is likely to depend on the
intensive, repetitive, assisted-as-needed, and task-oriented motor practice provided by
the mechanical device [45]. It has been proposed that such an approach allows exploiting
the brain neural plasticity mechanisms both within affected and intact brain structures
through the stimulation of motor learning processes and a reshape of the “inter-hemispheric
inhibition” mechanisms by means of repetitive sessions of robot-assisted therapy, as demon-
strated by UE dexterity improvement in post-stroke patients [46–48]. This extends to the
case of basal ganglia impairment, where an intensive, continual, and contextual training
allows facilitating the relearning of motor functions and minimizing motor deficit by acting
on the internal regulator mechanisms of movement flow and programming [17,45,49]. Par-
ticularly, the improvement in motor outcomes following ERT sessions could be considered
the expression of a relearning process resulting from the stimulation and the activation of
the mirror neuron system, inducing profound cortical and subcortical changes at both the
cellular and synaptic levels [50]. The role of the cerebellum in motor and reinforcement
learning has been recognized. Recently, it has been shown that the cerebellum may have a
compensatory and adaptive role concerning gait function recovery by favoring the precise
timing of motor actions along the gait cycle phases. This probably occurs by compensating
the deficient internal timing clock within the basal ganglia [51]. These results have been
obtained in PD patients receiving gait training plus music (i.e., a repetitive exercise with an
external cue). It is then hypothesizable that UL robotic rehabilitation with VR may have
boosted neural plasticity also at the cerebellar level, further improving motor recovery.

In addition, UE training benefitted from the adjunction of virtual reality treatment.
This is thought to increase the motor learning of well-defined motor tasks and improve
motivation due to the feedback provided by the device itself [18–23,48–50,52–54]. Overall,
these motor improvements allowed the patients to achieve a significant improvement in
UE functions and disability burden. For instance, a patient was able to do a crochet work
carried out after a 25% of ERT sessions. Such activity was referred to as difficult to carry
out for about two years by the patient.

Although we have not specifically investigated quality of life, it is possible that the
improvement in disability burden has also improved patients’ health-related quality of life,
as suggested by other chronic diseases [55].

Strengths and Limitations

Our data suggest that UE training using a gravity-supporting device could be consid-
ered a safe and effective approach for the recovery of UE motor functions in PD patients.
Additionally, the rehabilitation technology is a cost-effective practice to reduce the need
for one-to-one skilled interventions. The training sessions can be performed with minimal
supervision once the therapist has set up the exercises. The attention of the patient is
triggered by the visual and acoustic feedback while the exercise is performed. Moreover,
the training is reproducible and essentially safe and can be easily conducted in the hos-
pital setting. However, our study is limited by the small sample size (we were able to
enroll only 30 patients compared to the estimated 60 because of the onset of COVID-19
pandemic). This could have had relevant consequences on the results, considering that an
intention-to-treat analysis was not performed. It is true that an intention-to-treat approach
tends to under-estimate an effect, being thus a more conservative approach in a clinical
superiority trial. Nevertheless, a per-protocol approach is a reasonable analysis strategy for
sensitivity analyses. Actually, a per-protocol approach is suitable when the exclusion of
patients from the analysis due to major protocol deviations (which can of course cause a
tendency to wrong estimations of a treatment effect) tends to vary among the study groups.
However, it is not straightforward to pre-guess the direction of a wrong estimation and
the general claim that a per-protocol analysis tends to overestimate an effect that cannot
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be mathematically proven [56–58]. Studies with larger and homogeneous samples could
allow for a more accurate statistical analysis, including multivariate data analysis or more
advanced tools, such as machine learning, aimed to point out predictive marker of recovery.

Another main limitation of our study is the lack of evaluation of long-term efficacy of
the ERT (also due to COVID-19 pandemic restrictions). Nonetheless, previous studies have
shown a persistent efficacy of robotic rehabilitation after two weeks only for the 9HPT [15].
Moreover, Taveggia et al. recorded a stability of motor assessment after 6 weeks from the
end of treatment in stroke patients [59]; lastly, the improvement in the functional capacity
outcome measures were found at 2-month follow-up in multiple sclerosis patients [60].
Last, one could criticize that the use of MI-UE is not usual in evaluating clinical impairment
in PD, compared to the FMA-UE [61]. In fact, MI-UE assesses the motor impairment in a
patient who has had a stroke evaluating the ability of the patient to hold a cube against
gravity, the capacity to flex the elbow from 90◦ (so that the arm touches the shoulder) and
the capacity of the shoulder to abduct to more than 90◦ beyond the horizontal against
gravity. Rigidity in PD refers to increased muscular tone with more resistance than normal
when the limb is passively moved, experienced by the patients as a sense of feeling stiff
and uncomfortable. Then, even though the physiopathology of abnormal movements in
PD are different from strokes [59], similar difficulties in achieving MI-UE goals are seen in
PD patients. Then, further validation studies are needed to confirm the possibility to use
the scale even in Parkinsonism. Larger sample size RCTs are, notwithstanding, needed to
address this concern.

5. Conclusions

Our data suggest that exoskeleton-assisted therapy, such as the Armeo©Spring, may
represent a safe and effective strategy for delivering a highly intensive and repetitive
training, which is necessary to trigger the neuroplasticity mechanisms subtending UE
motor function improvement. Few studies are however available on the UE rehabilitation
of patients with PD, particularly regarding technology-enhanced physical therapy, except
for gait training. Therefore, further investigations with larger sample sizes are needed to
confirm our results and to optimize PD-specific rehabilitation protocols.
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Abstract: Chronic kidney disease (CKD) is a global health problem. In patients with CKD, exercise
endurance is decreased, especially as renal dysfunction advances. This is due to the combined effects
of protein-energy wasting, uremic acidosis, and inflammatory cachexia, which lead to sarcopenia and
are aggravated by a sedentary lifestyle, resulting in a progressive downward spiral of deconditioning.
Renal rehabilitation (RR) is a coordinated, multifaceted intervention designed to optimize a patient’s
physical, psychological, and social functioning, as well as to stabilize, slow, or even reverse the pro-
gression of renal deterioration, improving exercise tolerance and preventing the onset and worsening
of heart failure, thereby reducing morbidity and mortality. This review focused on the history and
benefits of RR in patients with CKD. Based on current evidence, RR is an effective, feasible, and safe
secondary prevention strategy in CKD. RR is a promising model for a new field of rehabilitation.
Therefore, efforts to increase RR implementation rates are urgently needed.
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1. Introduction

Chronic kidney disease (CKD) is a global health problem. For example, the number of
CKD patients in Japan is more than 11% of the total population. The number of patients
undergoing hemodialysis (HD) in Japan is 349,700, corresponding to 1 in 359 of the total
population in 2021 [1].

Further, CKD is associated with premature aging. Patients with CKD are character-
ized by frailty, osteoporosis, muscle wasting, cardiovascular hypertrophy, and vascular
calcification [2]. Patients with CKD with dialysis have a very high mortality risk due to
cardiovascular diseases such as chronic heart failure, and sedentary patients with CKD
undergoing dialysis have an even higher mortality risk [3]. An independent, graded
association has been found between a reduced glomerular filtration rate (GFR) and the
risk of cardiovascular events, hospitalization, and death [4]. In addition to being a strong
cardiovascular risk factor, physical inactivity is associated with an increased risk of rapid
decline in renal function in patients with CKD [5].

In patients with CKD, exercise endurance is decreased, and this becomes more distinct
as renal dysfunction advances. This is due to the combined effects of protein-energy
wasting (PEW), uremic acidosis, and inflammatory cachexia, which lead to sarcopenia and
are aggravated by a sedentary lifestyle. Collectively, these factors result in a progressive
downward spiral of deconditioning [2].

Renal rehabilitation (RR) is a coordinated, multifaceted intervention designed to
optimize a patient’s physical, psychological, and social functioning, as well as to stabilize,
slow, or even reverse the progression of renal deterioration, improving exercise tolerance
and preventing the onset and worsening of heart failure, thereby reducing morbidity and
mortality. [6,7]. This review focused on the history and benefits of RR in patients with CKD.
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2. CKD and Physical Inactivity

Physical inactivity is a major health problem. Regular exercise is important for main-
taining good health and preventing chronic diseases. Moreover, an association between
physical inactivity and poor outcomes in patients with CKD has been well established [7–9].
Patients with CKD typically engage in lower levels of physical activity than the general pop-
ulation, which can induce a catabolic state, including reduced neuromuscular functioning,
exercise tolerance, and cardiorespiratory fitness.

In addition to physical inactivity, cardiorespiratory (CR) fitness is an important con-
sideration, as a strong predictor of mortality [10,11]. Low CR fitness has a particularly
high risk of death compared to that for other common risk factors, such as dyslipidemia,
hypertension, and diabetes. [12]. CR fitness is defined as the ability of the respiratory and
circulatory systems to supply oxygen during physical activity, and is usually expressed as
the maximal oxygen uptake (VO2 max) or peak oxygen uptake (peak VO2) during exercise
testing [13]. VO2 max is the maximum rate of oxygen consumption attainable during
physical exertion. A similar measure is peak VO2, which is the measurable value from a
session of physical exercise. Be it incremental or otherwise, it could match or underestimate
the actual VO2 max. Figure 1 shows the five major determinants of VO2 max, peak VO2,
and their relationships in CKD [14]. The gears in Figure 1 represent the functional interde-
pendence of the physiological components of the system. Pulmonary diffusion capacity,
cardiac output, oxygen-carrying capacity, renal function, and other peripheral limitations
such as capillary density, muscle diffusion capacity, and mitochondrial enzymes are all
examples of VO2 determinants.

Figure 1. The five major determinants of VO2 max, peak VO2, and their relationships in CKD (based
on [14]). The gears represent the functional interdependence of the physiological components of
the system. Cardiac output, pulmonary diffusion capacity, oxygen-carrying capacity, renal function,
metabolic acidosis, and other peripheral limitations, such as muscle diffusion capacity, mitochondrial
enzymes, and capillary density, are all examples of VO2 max determinants. VO2, O2 uptake; VCO2,
CO2 output; QCO2, CO2 production; QO2, O2 consumption by cells.

An increase in O2 utilization by the muscles (QO2) is achieved by an increase in
ventilation, an increase in pulmonary blood flow by recruitment and vasodilatation of
pulmonary blood vessels, an increase in cardiac output (stroke volume and heart rate),
dilatation of selected peripheral vessels, and increased extraction of O2 from the blood
perfusing the muscles. O2 is taken up from the alveoli (VO2) in proportion to the pulmonary
blood flow and degree of O2 desaturation of hemoglobin in the pulmonary capillary blood.
Metabolic acidosis in CKD patients promotes protein-energy wasting (PEW) [15], muscle
protein wasting, and reducing protein synthesis [16,17]. In addition to sarcopenia by
physical inactivity, PEW, metabolic acidosis, angiotensin II accumulation, and myostatin
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overexpression in uremia also contribute to the pathogenesis of muscle wasting, especially
in CKD [18]. Erythropoietin can increase VO2 max in humans [19].

3. Chronic Effects of Exercise in CKD Animal Models

Evidence of the benefits of regular exercise in long-term conditions is accumulating.
Further, the influence of chronic exercise on renal function must be considered, as acute
exercise causes proteinuria, reduction in renal blood flow, and reduction in GFR. As it is
shown clinically, sudden severe exercise decreases renal function [20,21]. However, such
intense exercise cannot be performed for long. In other words, it is important to look at the
effects of exercise over the long term. However, there is insufficient information regarding
the influence of chronic exercise on renal function and the effect of exercise in pre-dialysis
patients with CKD. For instance, the optimal duration and intensity of exercise for CKD
patients with pre-dialysis has not yet been determined.

Since the late 1990s, my colleagues and I have published several papers in this field.
We assessed the renal effects of moderate treadmill chronic exercise in several CKD rat
models and found that exercise does not worsen renal function and had renoprotective
effects in some rat models, such as a remnant kidney model of genetic hypertensive rats [22],
5/6-nephrectomized rats [23], diabetic nephropathy rats [24], and Zucker diabetic rats [25].

4. Chronic Effect of Exercise in Patients with CKD Undergoing Dialysis

In the Dialysis Outcomes and Practice Patterns Study, patients with CKD undergoing
dialysis who were regular exercisers had higher health-related quality of life (HR-QOL),
sleep quality scores, and physical functioning; the study also reported fewer limitations in
physical activities than those who were not regular exercisers [8]. Regular exercise was also
correlated with more positive patient effects and fewer depressive symptoms [8]. Further,
in models extensively adjusted for demographics and comorbidities, the mortality risk was
lower with regular exercise and at facilities with more regular exercisers [8].

Meta-analyses of randomized controlled trials (RCTs) have reported that regular ex-
ercise training in patients with CKD undergoing dialysis (HD) has benefits in physical
function, aerobic capacity, dialysis adequacy, depressive symptoms, and HR-QOL [26–30].
Additionally, a meta-analysis of combined aerobic and resistance exercises (CARE) per-
formed during HD by Liu et al. [31] found that CARE improved the peak oxygen uptake;
performance on the six-minute walking test; 60-s and 30-s sit-to-stand tests; dialysis ad-
equacy; scores on five (out of eight) domains and the physical component summary for
HR-QOL on the Medical Outcomes Study Short Form-36; blood pressure; and hemoglobin
levels in patients on maintenance HD compared to those with usual care. Further, sub-
group analysis showed that intradialytic CARE resulted in the amelioration of more eval-
uated outcomes than non-intradialytic CARE, with the exception of handgrip strength
and hemoglobin levels [31]. The authors concluded that CARE is an effective way to
improve physical function, aerobic capacity, HR-QOL, and dialysis adequacy in patients on
maintenance HD [31].

5. Chronic Effect of Exercise in Pre-Dialysis Patients with CKD

In the first RCT on the effect of exercise in CKD patients with pre-dialysis, reported
by Baria et al. [32], sedentary pre-dialysis men with CKD (creatine-based estimated GFR)
were randomly assigned to home-based exercise group, a center-based exercise group,
or control group. In the exercise group, aerobic exercise was done three times per week
for 12 weeks. During the study period, eGFRcreat was increased by 3.6 ± 4.6 mL/min
(p = 0.03) in the center-based group, but remained unchanged in the control group [32].
Further, in a single-blind randomized controlled study of the effects of moderate-intensity
regular exercise on renal function and indices of cardiovascular risk in patients with stages
3–4 CKD by Greenwood et al., there was a significant difference in the rate of change in
eGFRcreat between exercise and usual care groups, with the exercise group showing a
slower decline in function [33].
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Chen et al. reported the associations between walking, mortality, and renal replace-
ment therapies (RRTs), such as peritoneal dialysis, HD, and kidney transplantation, in
patients with stages 3–5 CKD [34]. Among 6363 patients (mean age, 70 years), 1341 (21.1%)
reported walking as their most common form of exercise. The rate of mortality was lower in
walking patients than in non-walking patients (2.7 vs. 5.4 per 100 person-years). Similarly,
the incidence of RRT was significantly lower in walking patients than in non-walking
patients (22 vs. 32.9 per 100 person-years) [34]. Further, walking was associated with lower
mortality and RRT risk on multivariate regression. The adjusted sub-distribution hazard
ratio (SHR) of walking was 0.67 (p < 0.001) for overall mortality and 0.79 (p < 0.001) for
the risk of RRT. Further, the SHRs of overall mortality were 0.83, 0.72, 0.42, and 0.41. Thus,
walking is the most popular form of exercise for patients with CKD and is associated with
a lower risk of mortality and RRT. [34].

Recently, Ma et al. reported a meta-analysis of 12 RCTs, comprising 410 patients
with CKD; the results indicated that regular aerobic exercise significantly improves the
estimated GFR (eGFR), and the levels of serum creatinine, daily urinary protein excretion,
and serum urea nitrogen in CKD patients. Further, a single exercise session of more than
30 min was associated with significantly improved eGFR (p < 0.01), including walking
and running, but not cycling, as exercise modalities were associated with significantly
improved serum creatinine levels (p < 0.05) in CKD patients (Figures 2 and 3) [35]. Thus,
regular aerobic exercise has beneficial effects on the eGFR (especially with durations longer
than 30 min), serum creatinine (especially with walking or running as the modality), daily
urinary protein excretion, and blood urea nitrogen levels in CKD patients [35].

Figure 2. Meta-analysis of the effect of aerobic exercise on eGFR (adapted from [35]). The results
indicate that regular aerobic exercise significantly improves the eGFR. eGFR, estimated glomerular
filtration rate; CI, confidence interval; SD, standard deviation.

Figure 3. Meta-analysis of the effect of aerobic exercise on 24-h urinary protein excretion (adapted
from [35]). The results indicate that regular aerobic exercise significantly improves the 24-h urine pro-
tein volume in patients with chronic kidney disease. CI, confidence interval; SD, standard deviation.
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6. Chronic Effect of Exercise in Pre-Dialysis CKD Patients with Acute Myocardial
Infarction (AMI)

CKD is common in patients with diabetes mellitus, occurring in approximately 40%
of cases. Diabetes mellitus is also an important risk factor for cardiovascular diseases;
however, CKD is an important mediator of this risk [36]. Kidney function is closely linked
to heart function. Renal dysfunction/disease may initiate, accentuate, or precipitate cardiac
dysfunction/disease, and vice versa [37].

Combined, renal dysfunction worsens the prognosis after AMI. My colleagues and I
investigated the association between physical activity levels and renal function changes
in AMI patients [38]. Renal function was measured using the cystatin C-based eGFR
(eGFRcys), which is independent of muscle mass. Patients were stratified into a low
exercise group (2335 ± 1219 steps/day) and a high exercise group (7102 ± 2365 steps/day).
eGFRcys was significantly increased after 3 months of exercise in the high exercise group,
whereas no significant change was observed in the low exercise group. Further, the change
in eGFRcys was greater in the high exercise group (+6.7 mL/min/1.73 m2) than in the low
exercise group (−2.9 mL/min/1.73 m2) [38]. The physical activity level was positively
associated with renal function changes, demonstrating that high physical activity levels may
suppress renal function decline in AMI patients. Figure 4 indicates the association between
the number of steps and eGFRcys or eGFRcreat [38]. Pearson’s correlation analysis revealed
significant correlations between the number of daily steps and both eGFR parameters.
Furthermore, the coefficient was greater for the correlation between ΔeGFRcys and the
number of daily steps (r = 0.55, p < 0.001) than between ΔeGFRcreat and the number of
daily steps (r = 0.38, p = 0.015). As previously indicated, changes in serum creatinine levels
can be caused by changes in skeletal muscles through exercise, highlighting the importance
of using eGFRcys as an indicator of renal function [39,40]. A recent prospective study
verified the association between physical activity levels and renal function in patients with
CKD [39]. The results were similar to those in the above-mentioned study and indicated
that maintaining a high level of physical activity in daily life leads to the suppression of
renal function deterioration [41]. However, our study was the first to show an association
between physical activity level and changes in renal function after the onset of AMI using
an accelerometer and eGFRcys. Our findings support the importance of interventions
to maintain a high physical activity level as a strategy for renal protection in patients
with AMI. Future research should verify the long-term effects of physical activity on renal
function in patients with AMI.

Figure 4. Association between the number of steps and ΔeGFRcys or ΔeGFRcreat (adapted from [38]).
The association between the number of steps and eGFRcys or eGFRcreat in all patients is shown [38].
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Pearson’s correlation analysis revealed significant correlations between the number of steps and
both eGFR parameters, with a higher correlation between ΔeGFRcys and the number of steps than
between ΔeGFRcreat and the number of steps. eGFRcreat, creatine-based estimated glomerular
filtration rate; eGFRcys, cystatin C-based estimated glomerular filtration rate.

There is immense potential for research in the field of cardio-nephrology, in terms of
diagnosis, prognosis, complication risk evaluation, and the utilization of novel therapeutic
approaches for CKD patients and associated cardiovascular complications. However,
significant advancements have been made to improve patient care and outcomes in patients
with CKD [42].

7. Mechanisms of Renal Protection by Chronic Exercise

Increasing evidence indicates that chronic exercise has beneficial effects on chronic
inflammation, muscle and bone strength, CR fitness, and metabolic markers in patients
with CKD or kidney transplants [43]. However, the mechanisms underlying these benefits
have received little attention, and the available clinical evidence is mainly from small, short-
duration (<12 weeks) exercise studies [43]. Bishop et al. summarized that the available data,
suggest exercise results in shifts towards a less inflammatory immune cell profile, reduced
monocyte infiltration into the adipose tissue, and enhanced activity of the NRF2 pathway,
may underlie improvements in inflammatory biomarkers [43]. Exercise-mediated increases
in nitric oxide release and bioavailability, left ventricular remodeling, myocardial fibrosis,
and reductions in angiotensin II accumulation in the heart may contribute to improvements
in left ventricular hypertrophy. Although exercise stimulates an anabolic response in
skeletal muscles in CKD, satellite cell activation and increases in mitochondrial mass seem
to be impaired in this population. Exercise-mediated activation of the canonical “Wnt”
pathway may lead to bone formation and improvements in the levels of the bone-derived
hormones, Klotho, and fibroblast growth factor 23 (FGF23) [43].

The musculoskeletal and cardiopulmonary systems are the predominant organ sys-
tems typically considered in exercise studies. The importance of renal physiology in
physical activity and exercise can be easily overlooked. However, over the past 30 years,
research has revealed the relevance of renal function in regulating physiological responses
to exercise, providing insights on how exercise can alter the pathophysiology of kidney
diseases [44]. In support of this, the editors of the American Journal of Physiology-Renal
Physiology have encouraged submissions to the Call for Papers on “Exercise and the
Kidney in Health and Disease” [44].

8. Barriers to Exercise Participation among Patients with CKD

Unfortunately, the role of physical activity in CKD has been largely overlooked, and
the provision of rehabilitation and exercise for CKD patients lags behind that for cardiac and
pulmonary services. The Kidney Disease Outcomes Quality Initiative (K/DOQI) clinical
practice guidelines comment that all dialysis patients should be counseled and regularly
encouraged by nephrology and dialysis staff to increase their physical activity [45].

Delgado et al. reported the survey on exercise counseling to nephrologists [46]. On
multivariate analysis, older nephrologists (odds ratio 3.3) and more physically active
nephrologists (odds ratio: 5.5) were more likely to counsel CKD patients about exercise [46].
Responses related to less counseling behavior included a lack of confidence in the ability to
discuss physical activity.

Delgado and colleagues also reported that patients with CKD undergoing dialysis
were interested in exercise [47]. However, 92% of participants reported at least one barrier
to physical activity. The most commonly reported barriers were shortness of breath and
fatigue on non-dialysis and dialysis days. On multivariate analysis, a greater number
of barriers was associated with a lower level of physical activity. Additionally, a lack of
motivation was associated with a lower physical activity level. Endorsement of too many
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medical problems and insufficient time on dialysis days were also associated with lower
physical activity levels in an adjusted analysis [47].

The location of exercise is also an important factor that influences adherence. In CKD
patients with dialysis, exercise during dialysis programs have been found to achieve higher
adherence rates than home exercise or supervised programs on non-dialysis days [48].

9. Present Status of RR

9.1. Societies and Meetings

Several international working groups have been established to address the physical
inactivity contributes to the burden of disease in CKD patients [49–52]. The Japanese
Society of Renal Rehabilitation (JSRR) was established in 2011 to promote and disseminate
RR in Japan. I was the first president of the board of directors from 2011–2020. The number
of members in the JSRR has increased annually; as of 1 April 2023, the number of individual
members was 3005, and the number of facilities or supporting members was 170. Annual
scientific meetings of the JSRR are held, and approximately 300 papers are presented every
year. The number of participants in seminars for RR professionals is expected increase to
over 8000 in 2023.

In the JSRR, we consider RR to include five major components: exercise training, diet
and fluid management, medication and medical surveillance, education, and psychological
and vocational counseling [6,7]. The JSRR uses a comprehensive approach to RR, including
physical exercise and psychological, vocational, and dietary counselling. The JSRR has a
newsletter, an official English journal (Renal Replacement Therapy), and an official Japanese
journal (The Japanese Journal of Renal Rehabilitation).

In March 2018, in order to improve the quality of RR and educate RR professionals
in Japan, the JSRR established a certification program for a Registered Instructor of RR
(RIRR). The minimum requirements for candidates of the RIRR certification examination
are as follows: (1) possess a certification or degree for any of the following positions:
physician, nurse, physical therapist, occupational therapist, medical engineer, clinical
psychologist, clinical laboratory technician, and exercise trainer; (2) be a member of the
JSRR for more than 2 years; (3) have a minimum of 1 year of experience in a RR program or
equivalent; and (4) submit 10 case reports on rehabilitation for patients with CKD. To date,
738 members have undergone this examination. Those who qualify for RIRR can provide
exercise therapy and RR to dialysis patients and claim medical fees for exercise therapy
during dialysis. Therefore, obtaining the RIRR would give the instructor an advantage in
finding employment at dialysis facilities and rehabilitation facilities.

In November 2019, the Global Renal Exercise Network (GREX) held a meeting in
Canada which was attended by international clinicians and researchers, including myself.
Taking a global perspective, the meeting highlighted Japanese, Canadian, and other regional
examples of policies developed regarding exercise and rehabilitation [53]. In the meeting,
it was noticed that Japan leads the field of RR in four ways: Japan has a national society
(JSRR), certification for RR (RIRR), guidelines for RR, and a National Health Insurance
Reimbursement program for RR.

I was invited to give a lecture on “Rehabilitation for Visceral Impairment (Renal re-
habilitation)” at the ISPRM2020 meeting in Orlando, Florida; viewing this lecture was
mandatory for a specialist renewal from the Association of Academic Physiatrist Rehabili-
tation from 1 July 2020 to 1 July 2023.

Finally, as there was no international society for RR, the International Society of Renal
Rehabilitation (ISRR) was established in 2020 to promote and disseminate RR. An annual
scientific meeting of the ISRR is held every March.

9.2. Guidelines of RR

The American College of Sports Medicine and KDIGO have published guidelines for
exercise testing and prescription, as well as for specific methods and cautions regarding
exercise therapy for patients with CKD [54,55].
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I first edited and published a book titled “Renal Rehabilitation” [6]. In order to clarify
the programs and effectiveness of RR, the Renal Rehabilitation Guideline Preparation
Committee was launched in 2016 under JSRR, which created a guideline in accordance
with the “Minds Handbook for Clinical Practice Guideline Development 2014” [54,55]. Six
recommendations were created for various kidney disorders, with groups addressing CKD,
nephritis, nephrosis, dialysis, and kidney transplantation [56,57]. All the recommendation
grades were determined through a consensus conference. The exercise prescriptions for
individuals with kidney disease which are recommended by JSRR are shown [55,56]. In
brief, the exercise prescription consists of three exercises: an aerobic exercise, a resistance
exercise, and a flexibility exercise. The frequency (F), intensity (I), time (T), and type (T) of
each exercise is as follows.

In aerobic training, F (3–5 d·wk−1), I (moderate intensity (40–59% VO2R (oxygen
uptake reserve), RPE 12–13 on a scale of 6–20), T (20–60 min of continuous activity; however,
if this cannot be tolerated, use 3–5 min bouts of intermittent exercise, aiming to accumulate
20–60 min·d−1), T (prolonged, rhythmic activities using large muscle groups (e.g., walking,
cycling, swimming)) [55,56].

In the resistance exercise, F (2–3 d·wk−1), I (65–75% 1-RM (one repetition maximum).
The performance of 1-RM is not recommended; estimate 1-RM from a �3-RM test), T (a
minimum of one set of 10–15 repetitions, with a goal in most patients to achieve multiple
sets. Choose 8–10 different exercises targeting the major muscle groups) and T (machines,
free weights, or bands) [55,56].

In the flexibility exercise, F (2–3 d·wk−1), I (static: stretch to the point of tightness
or slight discomfort; PNF (proprioceptive neuromuscular facilitation): 20–75% of the
maximum voluntary contraction), T (60 s per joint for static (10–30 s hold per stretch); 3–6 s
contraction followed by 10–30 s assisted stretch for PNF), and T (static or PNF) [55,56].

9.3. National Health Insurance Reimbursement

Infrastructure and reimbursement systems for cardiac rehabilitation exist in many
countries. In contrast, heath care systems in most countries have no or limited coverage
of for exercise training for CKD patients. Therefore, CKD patients are often unable to
overcome barriers to exercise and are unable to find appropriate exercise facilities [58].

To our knowledge, Japan is the only country in the world with a national health
insurance system for RR [59,60]. In April 2016, Japan’s Ministry of Health, Labor and
Welfare decided to expand the scope of rehabilitation to diabetic patients with CKD stages
4 to 5 through the world’s first national health insurance reimbursement system. Each
hospital or clinic can receive one additional medical fee per month for each CKD patients
with RR. Eligible conditions include: 50% or more of patients suppressing the increase in
serum creatinine or serum cystatin, a 20% or more decrease in daily urine protein excretion,
or a 30% reduction in the slope of 1/creatinine or 1/cystatin. The content of the exercise
should be in accordance with JSRR guidelines [55,56], and it is desirable to have RIRR
qualifications. Nature Review in Nephrology introduced Japan’s national health insurance
system for JSRR and RR [59].

Additionally, from April 2018, exercise training for diabetic patients with CKD stage
3b is covered by the National Health Insurance. Furthermore, from April 2022, exercise
training for CKD patients with HD is covered by the National Health Insurance. Under
this system, if a patient receives exercise therapy instructions for 20 min or more during
dialysis, a medical fee is allowed for up to 90 days from the start of the fee. The conditions
are that the instructor has an RIRR (valid forever), or if the instructor is without an RIRR,
they must attend a JSRR seminar and pass the examination (valid for 3 years). A qualified
physician, physical therapist, or an occupational therapist can supervise 15 inpatients and
20 outpatients at a time, and a qualified nurse can supervise 5 inpatients and 8 outpatients
at a time.
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10. Future perspectives of RR: Adding Life to Years and Years to Life

Evidence regarding the effectiveness of components other than exercise therapy in
renal rehabilitation, such as education, is still emerging. However, in order to encourage
inactive CKD patients to exercise, education about the effects of exercise is a prerequisite.
In addition, the importance of dietary therapy that increases the effectiveness of exercise
therapy, the importance of dietary therapy that does not cause sarcopenia or frailty, and
how to continue exercise are very important when performing RR. JSRR’s annual scientific
meeting features many presentations on these topics. In the future, it is expected that more
effective educational methods, more effective dietary therapy menus, and more effective
exercise therapy menus will be established regarding RR. The next RR guideline by JSRR
will include a comprehensive list of factors beyond exercise therapy.

As a super-aged society has emerged, the number of individuals with multiple mor-
bidities and disabilities who require rehabilitation has increased more rapidly than ex-
pected [60]. Medical science basically aims to add years to life by increasing life expectancy.
Rehabilitation generally aims to add life to years by helping patients with impairment
achieve and use their full physical, mental, and social potential. However, accumulating
evidence suggests that rehabilitation for patients with visceral impairments, such as renal,
cardiac, and pulmonary impairments, can not only improve exercise performance and
HR-QOL, but can also increase survival (Figure 5) [61]. Therefore, modern comprehensive
rehabilitation for patients with CKD does not simply aim to add life to years, but to add
life to years and years to life, which is a new rehabilitation concept [61].

Figure 5. Renal rehabilitation is a new target in rehabilitation (based on [61]). Medical science
basically aims to add years to life by increasing life expectancy. Rehabilitation generally aims to
add life to years by helping patients with impairment to achieve and use their full physical, mental,
and social potential. However, accumulating evidence suggests that rehabilitation in patients with
visceral impairments, such as renal, cardiac, and pulmonary impairments, can not only improve
exercise performance and HR-QOL, but can also increase survival (adding life to years and years
to life).

11. Conclusions

RR is a coordinated, multifaceted intervention designed to optimize a patient’s phys-
ical, psychological, and social functioning in addition to stabilizing, slowing, or even
reversing the progression of renal deterioration, improving exercise tolerance and prevent-
ing the onset and worsening of heart failure, thereby reducing morbidity and mortality. RR
is an effective, feasible, and safe secondary prevention strategy in CKD and is a promising
model for a new field of rehabilitation.

Future large RCTs should focus more on the effects of rehabilitation and exercise
programs, as these topics and exercise types have not been studied as extensively as cardio-
vascular and pulmonary rehabilitation. Moreover, efforts to increase RR implementation
rates are urgently needed.
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Abstract: Background: To date, various forms of physiotherapy are used in the treatment of cubital
tunnel syndrome (CuTS). The effectiveness of physiotherapy for CuTS is inconclusive. The aim of
this systematic review was to evaluate the effects of physiotherapy in the conservative treatment of
CuTS. Methods: The six databases were searched from December 2020 to March 2022. The inclusion
criteria were randomised controlled trials, case series, and case reports that evaluate the effects of
physiotherapy in the treatment of adult participants with diagnosis CuTS. A total of 11 studies met the
eligibility criteria, capturing a total of 187 participants. Results: In three types of papers, pain, muscle
strength, and limitation of upper limb function were the most frequently assessed characteristics.
Physiotherapy was most often based on manual therapy, neurodynamic techniques, and electrical
modalities. One clinical trial rated the risk of bias “high” and the other two “some concerns”. In
case-series designs, five studies rated the risk of bias as “serious” and three as “moderate”. Most
of the studies showed a significant improvement in the clinical condition, also in the follow-up
study. Only one clinical trial showed no therapeutic effect. Conclusion: There is no possibility of
recommending the best method of physiotherapy in clinical practice for people with CuTS based on
the results of this systematic review. More high-quality studies are required.

Keywords: cubital tunnel syndrome; ulnar neuropathy; physiotherapy modalities; treatment
outcomes; review

1. Introduction

Cubital tunnel syndrome (CuTS) is a compressive neuropathy of the ulnar nerve. It
is the second most prevalent peripheral neuropathy of the upper extremity after carpal
tunnel syndrome [1,2]. The mean annual incidence of CuTS is estimated at 24.7 cases
per 100,000 people [3], and its prevalence is 2–6% in the general population [4]. In the
early stages of CuTS, sensory symptoms such as paraesthesia and slight hypoesthesia are
reported, occurring mostly paroxysmally and related to the position of the elbow. Over
time, these symptoms worsen. This is followed by motor disturbances, mostly weakness
and atrophy of the intrinsic muscles of the hand [1,5]. The stages of this neuropathy can
be divided into three degrees of severity: mild, moderate, and severe [6]. The progressive
course of CuTS over time leads to the impairment of hand function, which adversely affects
the activities of daily living, and professional life, and deteriorates the overall health-related
quality of life. With the significant prevalence of CuTS, this neuropathy is a major medical,
economic, and social problem.
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CuTS is referred to as compression neuropathy that occurs around the cubital tunnel.
The most common sites of potential compression of the ulnar nerve are the arcade of
Struthers, the medial intermuscular septum, the medial epicondyle, the cubital tunnel,
and the deep flexor–pronator aponeurosis [7]. This neuropathy is usually divided into
primary (idiopathic) and secondary (symptomatic) [8]. In idiopathic forms of CuTS, no
morphological abnormalities can be found in the tissues surrounding the ulnar nerve [8].
Furthermore, there are several causes of secondary forms of CuTS (anatomical changes after
trauma, degenerative changes, systemic diseases such as rheumatoid arthritis, lipomas,
ganglion cysts, inflammatory processes, etc.) [8–10]. Other risk factors for CuTS are related
to upper extremity motor activity, overhead activity, heavy physical work, obesity, and
nicotinism [11]. Therefore, it can be concluded that CuTS is just a synonym for ulnar nerve
neuropathy occurring in the elbow area. The difficulty in finding the aetiology of CuTS
also affects the choice of the most appropriate treatment modality for this neuropathy.

The treatment of CuTS is divided into surgical and conservative [12]. Palmer and
Hughes [10] showed various surgical techniques for ulnar nerve decompression and em-
phasised that no “gold standard” for surgical treatment has been developed to date. In
situ decompression, intramuscular transposition, subcutaneous transposition, submuscular
transposition, medial epicondylectomy, and endoscopic techniques are most commonly
used [10]. However, surgical treatment is only recommended when muscle strength is
weakened, and conservative methods do not bring the expected therapeutic effect [13].
Hence, conservative treatment is used as first-line therapy, usually in the early and mild-to-
moderate stages of CuTS [5]. Conservative treatment includes modification of activities
of daily living with the avoidance of prolonged elbow joint flexion [10], nonsteroidal
anti-inflammatory drugs, steroid injections, and physical therapy approaches [14]. To the
best of our knowledge, there is also no standardised procedure for CuTS conservative
treatment with well-documented effectiveness. It seems that physiotherapy is one of the
most important forms of conservative treatment, which has been proven to be effective
in other peripheral neuropathies [15–19]. To date, various forms of physiotherapy have
been used in the treatment of CuTS [20–23]. However, the effectiveness of physiotherapy
intervention as a conservative treatment of CuTS is inconclusive. Therefore, it was decided
to conduct, for the first time, a systematic review of papers evaluating the effectiveness of
physiotherapy treatment for CuTS. Such an analysis determines the quality of the research
conducted to date and provides directions for future research.

2. Methods

This systematic review adheres to the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) statement [24]. The protocol was registered in the
International Prospective Register of Systematic Reviews (PROSPERO) database, registra-
tion number CRD 42020219297.

2.1. Data Sources and Searchers

The literature review was conducted between December 2020 and March 2022. Six
electronic databases (MEDLINE via PubMed, Cochrane, Embase, Web of Science, Scopus,
and PEDro) were searched to identify relevant papers. The search strategy was developed
during a panel meeting after an initial article search. It was based on the use of key phrases
and/or their abbreviations based on a metadata system (MeSH) and various combinations
of these phrases to increase search efficiency. An extensive list of terms to describe the
target population based on the PICO acronym was formulated:

P (population)—cubital tunnel syndrome;
I (intervention)—physiotherapy treatment;
C (comparator)—control group, placebo group, and sham therapy;
O (outcomes)—nerve conduction study, discrimination and threshold sensation, functional
assessment, and ultrasound imaging measurements (Supplementary Material S1).
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All papers were accepted regardless of the year of publication. However, the search
was limited to papers available in English. Titles and abstracts of scientific papers retrieved
from the databases were analysed for inclusion criteria. The papers that did not show rele-
vance to the subject area studied were excluded. The lists of references in the publications
included in the review were also analysed to make sure that other papers that may meet the
inclusion criteria were not missed. The resulting papers were combined using the EndNote
x9 software (version 19.2.0.13018, Philadelphia, PA, USA).

2.2. Study Selection

The review of the retrieved papers was conducted in two stages. The first step was to
review the titles and abstracts of papers identified as potentially relevant to the research
questions. In the next step, the full texts of the papers identified during the initial selection
were reviewed. In both stages, the review was performed by two independent reviewers
(T.W., T.B.), and by a third independent reviewer (P.L.) in contentious cases. The inclusion
criteria were all experimental studies such as randomised controlled trials (RTCs) and case
reports that evaluate the effects of physiotherapy in the treatment of adult participants
(>16 years old) with diagnosis CuTS. Participants not diagnosed as CuTS or exposed to
any form of surgical procedure and/or with other neuropathies of the upper limb were
excluded from the study. The characteristics of the RTC and CS types of studies were
presented separately.

2.3. Data Extraction

Two reviewers independently extracted and documented data from each included
study using Excel (Microsoft, Redmond, WA, USA) according to the Centre for Reviews and
Dissemination recommendations [25]. We extracted data including the year of publication,
study design, sample size, gender, age, target population, description of interventions,
outcome measures, and study results. The main study outcomes expressed as means and
SDs were also extracted.

2.4. Methodological Quality Assessment

The methodological quality of randomised clinical trials was assessed using the revised
Cochrane risk-of-bias tool for randomised trials (RoB 2) [26]. According to the Cochrane
guidelines, this tool evaluates possible errors as follows: “low risk”, “some concern”,
or “high risk”. Due to the fact that the remaining works that qualified for the review
were case studies, their quality was assessed in two stages. In the first stage, the article
quality was assessed using The Critical Appraisal Checklist for Case Reports developed
by Moola et al. [27]. If five of the eight evaluation criteria are met, the quality is assessed
as satisfactory (such a study was included). In the second stage, the quality was assessed
using the Risk of Bias in Non-randomised Studies of Interventions (ROBINS-I) assessment
tool [28]. This tool evaluates possible errors as follows: “low risk of bias”, “moderate risk
of bias”, “serious risk of bias”, “critical risk of bias”, or “no information”. In both cases,
the evaluation was conducted by two independent reviewers (T.W. and T.B.). The Cohen κ

statistic was applied to determine the agreement between assessors.

2.5. Data Synthesis and Analysis

The extracted data from all included studies were tabulated, including the study
authors and sample characteristics, the measurements of the outcome variables, and key
results. All the identified studies were included in a qualitative synthesis and are presented
in the tables. Initially, it was intended to synthesise the data quantitatively by conducting a
meta-analysis. However, because of high heterogeneity in terms of study design, population
examined, and various interventions, we could not perform a meta-analysis.
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3. Results

3.1. Study Selection

An initial search of the databases together with a manual search and analysis of the
references identified 1719 papers. This number was reduced to 995 after deleting duplicates.
Based on exclusion and qualification criteria, 16 papers met the eligibility criteria (Figure 1).
Of these papers, five were excluded after further analysis because they neither concerned
CuTS patients nor addressed physiotherapy management. One paper discussed ulnar
tunnel syndrome, another described the case of a patient who developed CuTS due to
venous thrombosis, while another dealt with the ultrasonographic diagnosis of CuTS. One
paper focused on the surgical treatment of CuTS caused by anconeus epitrochlearis, and one
evaluated the effectiveness of electrostimulation after traumatic ulnar nerve injury. Finally,
11 articles were included in the final review comprising 3 RCT-type studies [13,29,30]
(Table 1) and 8 case-series-type studies [20–23,31–34] (Table 2).

Figure 1. Flowchart.
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3.2. Randomised Controlled Trials
3.2.1. Participants

In all RCTs, the subjects were clinically/neurophysiologically diagnosed with CuTS
(two studies clinically and neurophysiologically; one study only clinically). A total of
163 subjects aged 16–79 years old were examined and underwent therapy. The RCT
involved 87 women and 76 men [13,29,30].

3.2.2. Outcome Measures

All studies evaluated pain (3/3 papers) and muscle strength (3/3 papers) [13,29,30].
Two papers evaluated upper extremity function and nerve conduction [13,30]. In addition,
one study assessed sensory threshold [30] and overall health quality [29].

3.2.3. Interventions

Each study used a different therapeutic procedure: orthosis (experimental interven-
tion), neurodynamic techniques (experimental intervention), ergonomic physical activity in-
struction (control group) [13], continuous shortwave diathermy (experimental intervention)
and placebo (control group) [29], and low-level laser therapy (experimental intervention)
and ultrasound (experimental intervention) [30].

3.2.4. Risk of Bias

Based on the reviewers’ assessment using the ROB 2 tool to evaluate the risk of bias,
the overall bias was considered to be “high” in one study [13], while “some concerns” were
indicated in the remaining two RCTs [29,30] (Table 3). The most common flaws were the
high risk of bias in domain 4 (risk of bias in measurement of the outcome) in one RTC [13]
and domain 2 (risk of bias due to deviations from the intended interventions) in all RTC
studies [13,29,30].

Table 3. Risk of Bias in randomised clinical trials (RTCs).

Study

Domain 1
Risk of Bias

Arising from the
Randomisation

Process

Domain 2
Risk of Bias Due

to Deviations
from the
Intended

Interventions

Domain 3
Missing

Outcome Data

Domain 4
Risk of Bias in

Measurement of
the Outcome

Domain 5
Risk of Bias in
Selection of the
Reported Result

Overall Risk
of Bias

Svernlov et al. [13] Low Some concerns Low High Low High

Badur et al. [29] Low Some concerns Low Low Low Some concerns

Ozkan et al. [30] Low Some concerns Low Low Low Some concerns

3.2.5. Synthesis of the Results

Two RCTs reported significant improvements in the clinical condition of the subjects
(pain reduction, improved function, increase in muscle strength, improvement in the
sensory threshold, and improvement in nerve conduction), which occurred not only after
the therapy but also persisted at 1, 3, and 6 months of follow-up [13,30]. In one study,
there were no changes in pain muscle strength, function, and overall health evaluated after
therapy in comparison with the control group [29].

3.3. Case Studies

In all case series [21,22] and case reports [20,23,31–34], subjects were clinically and
neurophysiologically diagnosed with CuTS (four studies clinically and neurophysiologi-
cally; four studies only clinically). In eight case studies, 24 subjects ranging in age from 17
to 71 years were examined and treated. The gender of the subjects was determined in six
of the eight papers [20,23,31–34]. Studies by Oskay et al. and Shen et al. [21,22] failed to
specify gender. In total, 48 women and 5 men participated in the study, and in 14 cases, the
gender was not specified.

129



J. Clin. Med. 2022, 11, 4247

3.3.1. Outcome Measures

The most frequently evaluated symptom was pain (six of the eight papers) [20–23,33,34].
Symptom provocation tests (five of the eight papers) [20,21,31,32,34] and functional limita-
tions of the upper extremity (five of the eight papers) were also frequently assessed [21–23,32,34].
Muscle strength was assessed in three of the eight papers [21,23,31]. Range of motion was
assessed in two papers [20,32] as was the severity of paraesthesia [20,31]. In two of the eight
papers, authors evaluated subjective improvements following therapy [23,33]. Furthermore,
one study evaluated nerve conduction [33] and sensory threshold [21].

3.3.2. Interventions

Neurodynamic techniques (3/8 papers) [21,32,34] and chiropractic manipulation (two
of the eight papers) [20,31] were the most frequently used in therapy. Other papers used
dry needling [23], percutaneous electrical stimulation [34], pulsed radiofrequency [33],
combined ultrasound and cold therapy [21], and extracorporeal shock wave therapy [22].

3.3.3. Therapeutic Effect

In all case studies, significant improvements in the clinical status of the subjects
(reduction in pain and subjective symptoms, improved function, increase in grip and pinch
strength, reduction in symptoms in provocation tests such as Tinel’s sign or elbow flexion
test) were reported, which occurred not only after therapy [20–23,31–33] but were also
maintained in the 6-, 8-, 10- and 12-month follow-up periods [21–23,32–34].

3.3.4. Risk of Bias

The Critical Appraisal Checklist for Case Reports values ranged from 5 to 7 in all
case studies, which was considered sufficient [20–23,31–34] (Table 4). In the second stage
based on the reviewer’s evaluation using the ROBINS-I tool for non-randomised studies
of interventions to evaluate the risk of bias, the overall bias was serious in five of the
eight papers [20,21,31,32,34] and moderate in three of them [22,23,33] (Table 5). The most
common flaws were a serious risk of bias in “bias due to confounding” in five of the eight
studies [20,21,31,32,34]; “bias in classification of interventions” in five out of the total eight
papers [20,21,31,32,34]; “bias due to deviations from intended interventions” in five of the
eight studies [20,21,32,34]; “bias in measurement of outcomes” in another combination of
five studies out of the total eight [20,21,31,32,34], and the “overall bias” in five of the eight
papers [20,21,31,32,34].
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4. Discussion

The aim of the present systematic review was to evaluate the effects of physiotherapy
in the conservative treatment of CuTS. Based on the search strategy used, 11 papers were
included in the review, consisting of 3 RCTs [13,29,30] 2 case series [21,22], and 6 case
reports [20,23,31–34]. In two-thirds (66.6%) of the RCT included, the authors reported
beneficial effects immediately after physiotherapy and in the long-term in pain, function,
muscle strength, sensory thresholds, and nerve conduction [13,30]. One RCT reported no
significant treatment effect on pain scores, muscle strength, function, and health status [29].
In all case studies, the authors emphasised the positive effects of different physiotherapy
procedures concerning the reduction in pain symptoms, improved function, increased
pinch-grip strength, and a reduction in symptoms in provocation tests (Tinel’s sign, elbow
flexion test), both immediately after treatment [20–23,31–33] and in the long-term follow-
up [21–23,32–34].

Although 91% of the included papers reported beneficial effects of physiother-
apy [13,20–23,31–34], the results obtained have to be viewed with caution. This is due to the
fact that 73% of current publications were case studies [20–23,31–34] with small numbers
of subjects (24 in total), very heterogeneous research methodology and physiotherapy
programs, and a high risk of bias. Furthermore, 3 RCTs [13,29,30] examined 163 people, but
even in this case, due to methodological differences, it is difficult to draw firm conclusions
about the effectiveness of physiotherapy treatment in CuTS, particularly when one RCT
did not observe any significant effect [29].

It should be pointed out that the method used for the diagnosis of CuTS was problem-
atic in most of the papers included in the review. Although a nerve conduction study (NCS)
was performed in 54% of papers [13,22,29,30,32,33], the result was negative in one paper,
despite the symptoms that could indicate CuTS [32]. In the other papers, the diagnosis was
based on clinical and orthopaedic examinations [20,21,23,31,34]. As NCS-based diagnosis
of peripheral neuropathies is the gold standard [35] in some compression neuropathies (as
is the case in CTS), it appears that it should also apply to other peripheral neuropathies.
According to the accepted study protocol, it was decided to include the analysis papers
in which patients were diagnosed as CuTS despite the absence of a nerve conduction
study but only based on history and clinical and orthopaedic examinations. Therefore,
the results of some studies and their findings must be viewed with caution. It seems that
electrodiagnostic tests are necessary not only to make an accurate diagnosis of CuTS but
also to assess the severity of the condition and objectively evaluate improvements after
therapy [36]. Although some authors have demonstrated the high sensitivity and specificity
of clinical tests in the diagnosis of CuTS [37,38], there is no agreement [39]. It is important
to note that, regardless of the differences in the assessment of the various clinical tests,
this will be a much more subjective assessment than it is in the case of NCS. Furthermore,
NCS provides specific information such as conduction velocity in nerve fibres, latency,
and amplitude, information that cannot be obtained from a functional test. However, it
should also be noted that some authors indicated that symptoms often precede nerve
conduction disturbances [40,41], especially in the early stages of peripheral neuropathy. In
these cases, for obvious reasons, the diagnosis must be based only on clinical symptoms
and orthopaedic examination, which can also explain the failure to use NCS study in some
papers to some extent. It would be unethical to omit clinical cases or delay therapeutic
management in patients who have subjective symptoms but do not have a disrupted NCS.
On the other hand, the lack of a certain diagnosis does not allow the use of therapy aimed
at the cause but only at reducing the patient’s symptoms.

Significant differences in the offered therapeutic programs are another major problem
in assessing the effectiveness of physiotherapy approaches in CuTS based on the papers
included in this review. In fact, it is difficult to find any similarities in the therapeutic
programs used. In 64% of the papers, physiotherapy was based just on one form of
therapy [13,20,22,23,29,30,33]. However, in each of them, this was a different type of
therapy. The remaining 36% of papers [21,31,32,34] used a total of multiple therapeutic
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measures, not only targeting the elbow region but also the cervical spine and thorax [31,32].
Neurodynamic techniques were used in 36% of the papers [13,21,32,34] but with different
methodologies and often as a component of other treatments. In 18% of the papers,
neurodynamic techniques were used as a self-therapy program, which may make it even
more difficult to control the correctness of their performance and regular use.

A major weakness of all qualified papers is their low methodological quality, which
was confirmed by the RoB results. Regardless of study type (case series, case reports, or
RCTs), low RoB was not reported in any of the papers included. Therefore, this review
indicated a complete lack of high-quality studies evaluating the effectiveness of physio-
therapy in the conservative treatment of CuTS. Taking into account the prevalence of CuTS
and the strong evidence confirming the effectiveness of physiotherapy in other peripheral
neuropathies [15–19], it is difficult to indicate the reason for such low interest in CuTS
conservative treatment.

4.1. Limitations

This systematic review has some potential limitations. The number of papers included
in the review was small, and only three RCTs were identified. The sample size was small,
with only 186 subjects. Some of the papers lacked clinical information about the patients’
condition and severity of CuTS, which may have also affected the obtained results. The
lack of an NCS study conducted not only to make an accurate diagnosis but also to assess
the effects achieved after the therapeutic cycle is another limitation of many of the included
papers and, thus, of the review itself. Only papers published in English were included
in this review, which may have resulted in the omission of some studies evaluating the
effectiveness of physiotherapy in the conservative treatment of CuTS. Further, the papers
included in the review were characterised by different therapeutic programs, which made
it difficult to assess the therapeutic effects.

4.2. Implications for Future Research

The results of this review allow for several recommendations for future research. First
of all, there is a need for more well-designed RCT studies with two or more represen-
tative groups of subjects. Due to the prevalence of CuTS, case series and case reports
have no substantive justification. It is also important to perform the diagnosis of CuTS
based on NCS and ultrasound imaging, while clinical symptoms and other tests should
be considered as supplementary information about the study population. The diagnosis
of CuTS should be supplemented with the determination of the CuTS stage, which is also
important in the assessment of the effectiveness of the offered therapy. Since most of the
papers included in the review had a beneficial therapeutic effect, randomised controlled
trials should be conducted based on similar therapeutic programs such as manual therapy
including neurodynamic techniques, ultrasound therapy, low-level laser therapy, percuta-
neous electrical stimulation, or dry needling. Future studies should be multi-central and (if
possible) blinded or even double-blinded.

5. Conclusions

Although physiotherapy could have the potential to demonstrate a positive effect in
the treatment of CuTS, most published studies to date are of questionable methodological
quality. Thus, at this stage of knowledge, there is no possibility to recommend the best
method, duration, and interval of physiotherapy in the clinical practice of people with
CuTS. More high-quality studies are required.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/jcm11144247/s1, Supplementary Material S1: Search terms
and number of items identified in the PubMed database.
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Abstract: During recovery from upper limb motor paralysis after stroke, it is important to (1) set the
exercise difficulty level according to the motor paralysis severity, (2) provide adequate exercises, and
(3) motivate the patient to achieve the goal. However, these factors have not been well-formulated.
This multicenter, randomized controlled trial study aims to examine the therapeutic effects of these
three factors on patients undergoing a novel intervention using repetitive transcranial magnetic
stimulation and intensive one-to-one training (NEURO®) and to formulate a corresponding research
protocol. The control group will receive conventional NEURO® occupational therapy. In the interven-
tion group, four practice plans will be selected according to the Fugl-Meyer assessment (FMA-UE)
scores of the upper extremity. The goal is to predict the post-treatment outcomes based on the
pre-treatment FMA-UE scores. Based on the degree of difficulty and amount of practice required, we
can formulate a practice plan to promote upper limb motor recovery. This occupational therapy plan
will be less influenced by the therapist’s skill, facilitating effective rehabilitation. The study findings
may be utilized to promote upper limb motor paralysis recovery and provide a basis for proposing
activities of daily living adapted to upper limb function.

Keywords: occupational therapy; upper limb function; study protocol; stroke

1. Introduction

Approximately 80% of stroke patients develop motor paralysis [1]. Motor paralysis
of the upper extremity limits patients’ activities of daily living (ADL) and reduces their
quality of life [2,3]. To improve the motor function of the upper extremity in stroke
patients, it is necessary to induce neuroplasticity in the patient’s brain through continuous
rehabilitation [4–6]. Novel intervention using repetitive transcranial magnetic stimulation
(rTMS) and intensive one-to-one training (NEURO®) is one such approach.

The role of rTMS in NEURO® is to pre-condition for rehabilitation by regulating
movement-related neural activation. The effects of rTMS depend on the location, frequency,
and intensity of the stimulation [7,8]. For example, in transcranial magnetic stimulation in
NEURO®, the primary motor cortex of the patient’s intact cerebral hemisphere is irradiated
at 2400 pulses per day [6]. The stimulation intensity is defined as 90% of the resting motor
threshold, with the first dorsal interosseous muscle of the non-paralyzed side as the target
muscle. rTMS attenuates abnormal muscle tone by decreasing the excitability of cortical
and spinal anterior horn cells and modulating interhemispheric inhibition [9–11]. For
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stroke patients in the acute and convalescent (with stable symptoms 1 or 2 months after
onset) phases, methods have been developed to increase neural excitability by applying
high-frequency rTMS (>4 Hz) to the affected cerebral hemisphere [12–14]. Methods have
also been developed to stimulate the bilateral cerebral hemispheres [15]. Rehabilitation in
NEURO® is intended to promote use-dependent plasticity of the brain by repeated motor
exercises under the condition that the patient’s interhemispheric inhibition is regulated by
rTMS. Occupational therapists instruct the patients on NEURO® regarding the (1) functional
motor exercises in the proximal and distal parts of the upper limb, (2) movement exercises
including reaching and manipulating objects, (3) ADL exercises using the paralyzed side,
and (4) ADL instruction and self-exercises to encourage the usage of the paralyzed side in
daily life [4–6].

The goal of patients treated with NEURO® is to reacquire ADL using the paralyzed
side. In occupational therapy, compensatory movements using the non-paralyzed side,
assistive devices, and assistive technology may be applied to supplement the patient’s
motor function to reacquire the target activities [16–18]. However, in some cases, improving
the motor function of the affected side may increase the possibility of patients acquiring
the desired ADL. A hemiplegic patient needs at least 20 h of practice during a two-week
hospitalization to recover upper limb motor function [19]. The number of stimulated
upper limb movements is estimated to be 420 per session [19,20]. Rehabilitation is also
more effective when patients are aware of their goals for the recovery of motor function
and achievement of ADL [21,22]. Clinical occupational therapists presumably share the
treatment goals with patients based on the physician’s prediction of recovery after treatment
and provide selected exercises in appropriate amounts according to the characteristics of
individual patients’ motor paralysis. The motor function of patients undergoing NEURO®

can be predicted using the Fugl-Meyer assessment of the upper extremity (FMA-UE)
score [23]. NEURO® reportedly improves upper limb motor function in patients regardless
of the stroke type [24]. The content of rehabilitation provided by the therapist presumably
affects the patient’s recovery; however, this has not been verified.

Occupational therapists intervene with the aim of helping patients acquire their target
movements. They induce neuroplasticity by rTMS after considering the severity of motor
paralysis. In previous studies on NEURO®, occupational therapy exercises were determined
by the physician and therapist-in-charge with the consent of the patient, and 40 to 60 min
of treatment were provided twice a day [4–6]. However, when compared with the well-
established stimulation method of rTMS, the difficulty level, amount of practice, and goal
settings in NEURO® are not yet formalized and are dependent on the discretion of the
physicians and therapists. Motor paralysis and related disability in daily life are highly
individualized; while it is difficult for patients to have an idea of the training and recovery
needed, this is not a problem for therapists with sufficient clinical experience. The issues
faced include: (1) unclear criteria for selecting upper limb motor exercises based on the
severity of motor paralysis, (2) unavailability of guidelines for the number of upper limb
exercises to be performed by patients, and (3) unclear goal-sharing between patients and
therapists regarding the recovery of upper limb motor function and the use of upper limbs
in ADL. Therefore, a formalized occupational therapy in NEURO® will uniformize the
treatment method and stabilize the functional recovery of patients.

This study aims to evaluate the therapeutic effect of NEURO® on patients by providing
a certain amount of selected functional exercises based on the severity of the patients’
motor paralysis. We also define a research protocol in this study. It is hypothesized that
the occupational therapy intervention used in this study will improve the patients’ upper
limb motor function compared to the conventional intervention method used for patients
who receive NEURO®. We believe that if the treatment plan for NEURO® occupational
therapy is established according to the characteristics of the patients’ motor paralysis,
the patients will be less influenced by the skills and years of experience of the assigned
occupational therapist, and the effectiveness of rehabilitation will be more stable than that
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of conventional occupational therapy. This stability will contribute to the improvement of
the patient’s goal for ADL.

2. Materials and Methods

2.1. Aims

The purpose of this study is to evaluate the therapeutic effect of NEURO® on patients
by providing a certain amount of selected functional exercises based on the severity of the
patients’ motor paralysis. We also aim to define a research protocol in this study.

2.2. Study Design

We will use a multicenter, randomized controlled trial design to conduct this study.

2.3. Participants and Settings

The study participants are patients with a history of stroke who are admitted to a
NEURO®-certified facility and have undergone NEURO®. NEURO® is performed in 14 reg-
istered NEURO®-accredited facilities by trained staff who have passed the examination of
the Department of Rehabilitation Medicine, The Jikei University School of Medicine [25].
The inclusion criteria for patients, based on the rTMS guidelines, are as follows: (1) hemi-
plegia after first stroke, (2) age ≥ 20 years, (3) 6 months after stroke onset, and (4) no
bilateral cerebrovascular disease [26]. Exclusion criteria are as follows: (1) patients with a
diagnosis of dementia based on a Mini Mental State Examination score below the cutoff
point, (2) patients with physical or psychiatric diseases requiring medical management,
(3) patients with seizures within 1 year, (4) patients with intracranial clips or cardiac pace-
makers, (5) patients with a history of subarachnoid hemorrhage, and (6) patients with fever
(≥37 ◦C), upper respiratory tract inflammation, malaise, and taste or olfactory symptoms
when seen by a rehabilitation physician affiliated with a NEURO® -accredited facility prior
to admission.

2.4. Participant Characteristics

Participant characteristics such as age, sex, height, weight, body mass index (BMI),
and dominant hand will be investigated. Medical information regarding the type of disease
(cerebral infarction, cerebral hemorrhage, etc.), paralyzed side, post-onset period, and the
years of clinical practice of the treating therapists will be investigated (Table 1).

Table 1. Demographic data of patients.

Intervention Group Control Group Total
Number of patients N = XX N = XX N = XX
Age XX XX XX

Sex Female = XX
Male = XX

Female = XX
Male = XX

Female = XX
Male = XX

Height XX XX XX
Weight XX XX XX
BMI XX XX XX

Affected side Left = XX,
Right = XX

Left = XX,
Right = XX

Left = XX,
Right = XX

Dominant hand Left = XX,
Right = XX

Left = XX,
Right = XX

Left = XX,
Right = XX

Diagnosis CI N = XX N = XX N = XX
ICH N = XX N = XX N = XX

Time from onset XX XX XX
FMA-UE severity
No (<23) N = XX N = XX N = XX
Poor (≤23–≤31) N = XX N = XX N = XX
Limited (≤32–≤47) N = XX N = XX N = XX
Notable (≤48–≤52) N = XX N = XX N = XX
Full (≤53–≤66) N = XX N = XX N = XX

BMI, body mass index; CI, cerebral infarction; ICH, intracranial hemorrhage; FMA-UE, Fugl-Meyer assessment of
the upper extremity.
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2.5. Sample Size

The sample size was estimated via a priori analysis using G*Power. We selected
goodness-of-fit (F test) and analysis of covariance (ANCOVA) (for fixed effects, main effects,
and interactions) for finding the sample fitness and size. The other data were set as α = 0.05,
1 − β (power) = 0.8, numerator df = 1, number of groups = 4, and number of covariates = 4.
Based on this calculation, the minimum sample size was estimated to be 128 (64 in each
group). Since the subjects were hemiplegic patients, the minimum sample size was defined
as 128 subjects (64 subjects in each group).

2.6. Randomization

A random number table, created using Microsoft Excel (Microsoft, Redmond, WA,
USA), will be used for the allocation of patients into the intervention and control groups.
The random number table is created at each hospital and maintained by the allocation
manager at each hospital.

2.7. Sequence Generation

Simple randomization will be used for allocation. Once patients who meet the eligibil-
ity criteria are enrolled, they will be assigned using a random number table generated at
each hospital.

2.8. Allocation Concealment Mechanism

Allocation will be performed by random assignment using a table of random numbers
created at each hospital. The order of patient allocation will not be concealed from the
person in charge of allocation. Patients will be assigned in the order in which they are
registered according to the random number table (Figure 1).

Figure 1. Schedule of enrollment, interventions, and assessments. FMA-UE, Fugl-Meyer assessment
of the upper extremity; ARAT, Action Research Arm Test; JASMID, Jikei Assessment Scale for Motor
Impairment in Daily Living. Investigators will obtain informed consent from patients who meet
the eligibility criteria. Patient allocation will be performed by random assignment using a table of
random numbers created at each hospital. Participant characteristics and medical information will be
investigated. The control and intervention groups will receive treatment for two weeks. Patients will
be evaluated on the day of admission and on the day of discharge.
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2.9. Blinding

This study will be double-blind. (1) Patients who meet eligibility criteria and are en-
rolled will be blinded to the treatment received and to the group to which they are assigned.
Physicians and occupational therapists will not be blinded to the group assignment. The
evaluator is not blinded. (2) The data will be analyzed by an analyst using a dataset that has
been processed in such a way that the group assignment is unknown. In order to confirm
the success or failure of the patients’ blinding, therapists will ask patients which treatment
they thought they received after completing NEURO® treatment and then confirm whether
it was the treatment actually performed.

2.10. Interventions
2.10.1. rTMS

All patients undergoing NEURO® will be hospitalized for 2 weeks. The rTMS will
be directed at the primary motor cortex of the patient’s healthy cerebral hemisphere at
2400 pulses a day at a low frequency of 1 Hz, as in the conventional NEURO® protocol
(Table 2). The rehabilitation physicians affiliated with NEURO®-accredited facilities who
are in charge of the patient will administer rTMS. The stimulation intensity is set at 90% of
the resting motor threshold for the first dorsal interosseous muscle of the non-paralyzed
side. This is the lowest intensity that activates motor-evoked potentials in a muscle. A
figure-8 coil with a 70 mm diameter and a Mag Pro R 30 stimulator (Mag Venture Company,
Farum, Denmark) are used for stimulus irradiation. The duration of treatment with
NEURO® and the method of rTMS irradiation are not changed between the control and
intervention groups.

Table 2. NEURO® study protocol and momentum settings.

First Week Monday Tuesday Wednesday Thursday Friday Saturday Sunday
Event Admission
rTMS (pulse) 2400 2400 2400 2400 2400 2400 -
One-to-one training
(time)

- 500 500 500 500 500 -

Second week Monday Tuesday Wednesday Thursday Friday Saturday Sunday
Event Discharge
rTMS (pulse) 2400 2400 2400 2400 2400 2400
One-to-one training
(time)

500 500 500 500 500 -

rTMS, repetitive transcranial magnetic stimulation. The protocol for admission on Monday is shown. In the
columns of one-to-one training, the momentum of joint exercises for the functional exercises set up in this study is
shown. Patients will perform the functional exercises of one-to-one training for a total of 1000 times. Patients are
exposed to a total of 28,800 rTMS stimuli and 2400 pulses per day, except on Sundays. Patients will be evaluated
on the day of admission and on the day of discharge.

2.10.2. Rehabilitation

Rehabilitation, as in the previous NEURO® protocols, will consist of up to six 20 min
intervention sessions per day for all patients, except on Sundays and the days of admission
and discharge. Rehabilitation in NEURO® is delivered according to prescribed methods by
therapists who practice NEURO® at certified medical institutions. Occupational therapy
will be provided for a minimum of three sessions per day. The assignment of occupational
therapy and physical therapy sessions will be determined by the attending physician
with the patient’s consent, considering the patient’s needs, goals, and physical function.
Moreover, all patients will be required to perform 60 min of independent training twice
a day [4–6]. The method of assigning occupational and physical therapy sessions will be
kept consistent between the control and intervention groups. In this study, the goals of
occupational therapy and the content of the exercises provided in the intervention group
will be defined.
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2.11. Intervention for the Control Group

The control group will receive occupational therapy as per conventional NEURO® [4–6].
Functional exercises, such as proximal and distal upper extremity joint movements, muscle
mobilization, movement exercises including reaching and manipulation of objects, and
daily living exercises to promote the patient’s goals and use in daily life will be performed.
The patient will be encouraged to use the paralyzed side of the body for self-training and
to manage daily life situations.

2.12. Treatment for the Intervention Group

In the intervention group, (1) the difficulty level of practice will be set according to the
severity of motor paralysis, (2) the amount of practice necessary for the recovery of motor
paralysis will be set, and (3) the treatment goals of the patient and therapist will be set with
regard to the functional practice performed in occupational therapy. Movement practice
including reaching and manipulation of objects and daily living practice to promote the
patient’s goals and use in daily life will be performed using the same intervention methods
as in conventional occupational therapy [4–6].

The exercise difficulty level will be selected from four plans, according to the scores of
shoulder flexion to 90◦ during elbow extension in Part A and finger extension in Part C of
FMA-UE (Figure 2). In studies investigating the hierarchy of difficulty levels of FMA-UE,
the synergic movement difficulty level was lower than the difficulty level in shoulder flexion
to 90◦ during elbow extension [27–29]. The ability or inability to perform shoulder flexion
to 90◦ during elbow extension is considered a criterion to determine whether a patient is
able to perform movements other than the synergic movement (Figure 3). Shoulder flexion
to 90◦ during elbow extension and finger extension reportedly play a role in the functional
prognosis of motor paralysis [30–32]. In the case of ADL, reaching movements to the target
body part or object are planned, followed by skillful finger movements. Therefore, the
patient’s ability to perform shoulder flexion to 90◦ during elbow extension is considered an
indicator of whether the practice of the proximal or distal part of the upper limb should
be prioritized. Each plan is assigned a menu of exercises with reference to studies that
have examined the hierarchy of difficulty levels in the sub-items of FMA-UE [27–29]. Each
plan includes five exercises for one-to-one practice with the occupational therapist and self-
training for the patient (Table 3). We will introduce one of the five functional exercises after
a discussion between the patient and therapist and after obtaining the patient’s agreement
on the exercises that are highly relevant to their daily activities and those that are requested
by the patient. Different training menus may be set for one-to-one training and self-training.
However, they cannot be changed during the hospitalization period or mid-session. The
exercises can be divided into the following three types, depending on the amount of
assistance required and load of the exercise: (1) exercises to move the paralyzed limb with
resistance (active resistive exercises), (2) exercises to move the paralyzed limb without
resistance or assistance (active free exercises), and (3) exercises to move the paralyzed
limb with manual guidance from the therapist or with assistance from the patient’s non-
paralyzed limb (active assistive exercises). The exercises are categorized based on whether
the joints are moved by the therapist or external forces (passive exercise) [33,34]. In the
present study, exercises including voluntary movements are assigned under four plans.
Passive exercises, such as stretching to decrease muscle tension and joint exercises to
increase range of motion are not included in these four plans. Passive exercises are to be
performed by the therapist while conditioning the patient’s body prior to the functional
exercises or when relaxing between treatments, as appropriate.
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Figure 2. Chart of procedures for determining a functional practice plan. FMA-UE, Fugl-Meyer
assessment of the upper extremity. The FMA-UE Part A (shoulder flexion to 90◦ during elbow
extension) and Part C (finger mass extension) scores, evaluated on the day of admission, are used to
determine the plan of functional exercises. The functional exercise plans are classified from 1 to 4
according to the scores from the two tests.

Figure 3. Item difficulty of Fugl-Meyer assessment for upper extremity. The results of three studies
examining the difficulty of FMA-UE sub-items are presented. The sub-items with higher difficulty
are located toward the top. A, B, C, and D next to the lower-level items indicate the corresponding
subsection. As for the participants’ characteristics, Woodbury ML et al. reported that the participants
were mainly patients with acute mild hemiplegia. Hijikata et al. reported that the participants were
mainly patients with moderate-to-severe chronic-stage hemiplegia. Tauchi et al. reported that the
participants were mainly patients with mild-to-moderate subacute-stage hemiplegia. This figure has
been partly modified from the articles published by Woodbury, M.L., et al., 2007 [27], Hijikata, et al.,
2020 [28], and Tauchi, et al., 2021 [29].
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Table 3. Training menu for each plan.

One-to-One Training Self-Training

Plan 1

Scapular retraction/protraction
Shoulder flexion to 0–180◦, elbow extended
Shoulder flexion to 0–90◦, elbow extended
Elbow extension
_______________________

Scapular retraction/protraction
Shoulder flexion to 0–180◦, elbow extended
Shoulder flexion to 0–90◦, elbow extended
Elbow extension
___________________

Plan 2

Shoulder flexion to 0–180◦, elbow extended
Shoulder flexion to 0–90◦, elbow extended
Elbow extension
Finger extension, elbow extended
_____________________

Scapular retraction/protraction
Shoulder flexion to 0–180◦, elbow extendedElbow
extension
Finger extension
______________________

Plan 3

Shoulder flexion to 90–180◦, elbow extended
Shoulder abduction to 0–180◦, elbow extended
Wrist flexion/extension, elbow extended
Finger extension
____________________

Shoulder flexion to 90–180◦, elbow extended
Forearm supination/pronation
Wrist flexion/extension
Finger extension
______________________

Plan 4

Shoulder abduction to 0–180◦, elbow extended
Forearm supination/pronation, elbow extended
Wrist flexion/extension, elbow extended
Finger extension, elbow extended
______________________

Shoulder flexion to 90–180◦, elbow extended
Forearm supination/pronation
Wrist flexion/extension
Finger extension
___________________

Ten exercises are set for each of the four plans, five for one-to-one training and five for self-training. The five
exercises in the blank columns are determined by the patient and the therapist based on the patient’s consent, the
discussion between the patient and the therapist regarding the exercises that are expected to be highly necessary
for the patient to acquire the activities of daily living, and the exercises that meet the patient’s needs. Different
practice menus may be introduced for one-to-one training and self-training, but the determined practice plan
and the practice menus introduced in the plan should not be changed during the hospitalization period or in
the middle of the session. The posture and the amount of load during the exercises are determined according to
Figures 4 and 5, respectively, and the occupational therapist may change them according to the patient’s condition
and the purpose of the exercises.

 
Figure 4. Chart practice posture determination methods. A method for determining the posture of
functional exercises is presented. The supine and side-lying postures are chosen when the influence
of postural muscle tone reduction, trunk function, and balance function are excluded. The sitting
posture is selected when the patient wants to perform upper limb and finger exercises at a desk or in
an end-sitting position or when the patient wants to exclude the effects of balance function in the
standing posture. The standing posture is selected when the patient’s goal is to perform ADL in the
standing posture.
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Figure 5. Chart of methods to determine the amount of practice assistance. A method for determining
the amount of assistance for performing functional exercises is presented. Passive exercise is selected
when the goal is to decrease muscle tension and improve the range of motion of joints. Active
assistive exercise is selected when the patient wants to suppress joint movements, limit the degree of
freedom of movement, and supplement muscle output. Active resistive exercise is selected to add
load to joint motion. Active free exercise is selected to perform upper-extremity movements without
adding load to the joint motion.

The patient’s posture during practice and the load of the exercise are determined
according to the patient’s physical function, such as motor paralysis, muscle tone and
balance, and the purpose of the exercise to be performed. The occupational therapist is not
allowed to change the content of the set joint exercises but is allowed to change the posture
and the amount of load during the exercises according to changes in the patient’s muscle
tone, muscle output, and motor paralysis. Figure 4 shows the method for determining the
posture, and Figure 5 shows the method for determining the practice load.

The upper-extremity movements will be performed 100 times each per day for a
total of 500 times, from a menu of five exercises. These exercises should be performed
on a one-to-one basis between the occupational therapist and the patient. The number of
upper-extremity movements in self-training will not be included in the number of five
exercises. The patient is expected to perform a total of 500 joint exercises per day, including
occupational therapy for functional exercises, except on Sundays, the day of admission, and
the day of discharge. For example, when a patient is admitted on Monday and discharged
on the following Saturday, they will perform a minimum of 5000 joint movements for
functional exercises (Table 2).

We estimate that patients will perform more than 5000 upper-extremity movements
during their hospitalization because, in addition to regular training, functional exercises,
object handling practices, and ADL training will be scheduled. Peurala et al. reported
that during a two-week period of hospitalization in which constraint-induced movement
therapy was performed, a practice period of 20–56 h was effective in improving upper limb
function [20]. Han et al. simulated the number of reaching movements to increase voluntary
use of the paralyzed upper limb and reported that 420 movements per session were the
threshold [19]. All patients undergoing NEURO® will receive two hours of therapist-led
rehabilitation and two hours of patient-led training per day, except on the day of admission,
the day of discharge, and Sundays, during a two-week inpatient treatment period.

The minimum number of functional exercises in the intervention group will be 500 per
day. The protocol of the intervention group meets the requirements of the amount and dura-
tion of exercises reported in previous studies. This study is planned in 14 NEURO®-certified
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facilities in Japan: The Jikei University Hospital, The Jikei University Daisan Hospital,
Tokyo General Hospital, Nishi-Hiroshima Rehabilitation Hospital, Kimura Hospital, Kyoto
Ohara Memorial Hospital, Izumi Memorial Hospital, Hakodate Shintoshi Hospital, Aomori
Shintoshi Hospital, Hattanmaru Rehabilitation Hospital, Atsuchi Rehabilitation Hospital,
Ainomiyako Neurosurgery Hospital, Shinagawa Rehabilitation Hospital, and International
University of Health and Welfare Ichikawa Hospital. A total of 15 professionals with at least
five years of experience in NEURO® rehabilitation were selected as therapists. The level
of difficulty of functional exercises in the occupational therapy intervention used in this
study was discussed with them and decided upon via consensus. In the past, the treatment
and evaluation of patients undergoing NEURO® have been performed by occupational
therapists who have completed the prescribed training at NEURO®-accredited facilities.
The treatment and evaluation procedures for the intervention group will be fully explained
to the occupational therapists by at least one expert selected at each site who has discussed
this study protocol with the occupational therapists. The expert at each site will supervise
the occupational therapists to ensure that they fully understand and implement the study
protocol for the intervention group.

The treatment goal is set according to the study by Hamaguchi et al. [23], and the
predicted value of recovery of upper limb motor function by NEURO® is calculated using
the FMA-UE score obtained on the first day of hospitalization [23]. The physician-in-charge
will explain to the patients the predicted score at discharge, the target ADL, and the plan of
functional exercises to be performed to achieve the goal. They also promote the patient’s
understanding of these plans. These procedures are performed by the physician and
occupational therapist within two days of admission.

2.13. Outcome Evaluation

The outcomes will be evaluated primarily by FMA-UE. FMA-UE is a comprehensive
battery of tests that examines motor function, balance, range of motion of the joints, and
degree of joint pain in stroke patients [35]. The motor function items of the upper limb are
scored on a 66-point scale using a 3-point ordinal scale. Joint and isolated movements are
evaluated in accordance with the recovery stage of motor paralysis. The total score of FMA-
UE is classified into no (<23), poor (≤23–≤31), limited (≤32–≤47), notable (≤48–≤52), and
full (≤53–≤66) capacities using the severity reported by Hoonhorst et al. [36].

The secondary assessment is an Action Research Arm Test (ARAT). ARAT is an upper
extremity functional assessment tool based on the upper extremity test [37,38]. It consists
of four sub-items and includes tasks of grasping and carrying objects, manipulation, and
reaching to one’s own body. It is scored on a 57-point scale using a 4-point ordinal scale.
As a second secondary evaluation, the Wolf Motor Function Test (WMFT) will be used.
The WMFT consists of six tasks involving upper-extremity movements and nine tasks of
object manipulation [39]. In the WMFT, the performance time of each task is measured,
and the quality of movement is scored using a 6-level ordinal scale. In addition, the
Jikei Assessment Scale for Motor Impairment in Daily Living (JASMID) will be used
to examine the use of the affected upper limb in daily life [40]. JASMID is a patient-
reported outcome that was developed based on Motor Activity Log and adapted to the
Japanese lifestyle [41,42] and has been used in a previous NEURO® study [23]. JASMID
consists of 20 questions related to upper limb movement and evaluates the frequency of
use and quality of movement of the upper limb on the affected side on a 5-point ordinal
scale. The FMA-UE and ARAT will be used to measure the therapeutic effects of mild
motor paralysis, which may be underestimated due to the ceiling effect. For patients with
mild symptoms, the WMFT and JASMID will be used to evaluate the treatment effect
using the task performance time, frequency of use of the upper extremity on the affected
side, and quality of movement [43,44]. Since sleep duration influences the promotion of
neuroplasticity in the brain, we investigate patients’ sleep duration and sleep quality using
a questionnaire [45]. Patients are asked to respond to the sleep quality questions using a
3-point scale (1: did not sleep well, 2: unsure, 3: slept well).
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2.14. Statistical Analysis

A multivariate ANCOVA will be conducted to test the hypothesis that the occupa-
tional therapy intervention in this study will improve motor function in chronic stroke
patients undergoing NEURO® when compared with conventional occupational therapy
interventions. The dependent variable will be the date or period of assessment, and the
independent variables will be the change in scores of the primary assessment (FMA-UE)
and the secondary assessments (ARAT and JASMID). The covariates are age, sex, BMI, and
time since onset. JAMOVI version 2.2.1 (JAMOVI Project, Sydney, Australia) will be used
for statistical analysis.

The primary analysis will be conducted when the intervention and control group
samples reach a total of 64 cases each in all settings. The secondary analysis will be
conducted when the number of patients in each group exceeds 60% of all participating
centers (Figure 6).

Figure 6. Research procedure. The study setting includes 14 NEURO®-accredited facilities in Japan
that have agreed to participate in the study. Once patients who meet the study eligibility criteria are
enrolled, they will be assigned to the intervention and control groups using a random number table
generated for each facility.

2.15. Ethical Considerations and Declarations

All patients will provide written consent to participate in this study. This study was
approved by the Jikei University School of Medicine Ethics Committee (approval number
32-33810423). The study has been registered in the Clinical Trials Registry of the University
hospital Medical Information Network (UMIN) Center (UMIN Test ID: UMIN000047489).

Doctors and occupational therapists will wear masks, wash their hands and sterilize
with alcohol when providing treatment.

2.16. Status and Timeline of the Study

This study was approved by the ethics committee and registered as a clinical trial.
This study will begin in December 2022 and end in August 2024.

3. Discussion

We predict that the occupational therapy interventions in this study will improve
patients’ motor function compared to conventional occupational therapy interventions. The
occupational therapy intervention in this study specifies (1) the level of practice difficulty,
(2) the amount of practice, and (3) the method of goal setting. (1) The difficulty levels
of the exercise menus in the four plans are set according to the item-specific difficulty
levels of FMA-UE. Functional exercises are selected in accordance with the severity of the
patient’s motor paralysis [27–29]. (2) The amount of practice is specified with reference to

147



J. Clin. Med. 2022, 11, 6835

studies that have verified the threshold of the number of joint movements required for the
recovery of motor paralysis [19]. Patients will be provided with an adequate amount of
practice according to the selected practice plan. (3) Goal setting is based on the FMA-UE
scores at the initial evaluation to predict recovery; the treatment goals and the selected
practice plan will be explained to the patients [23]. One of the five functional exercises will
be introduced based on the patient’s preference. The patient’s understanding of the set
goals and the performance of active practice are reportedly important for the recovery of
motor paralysis [21,22]. Therefore, the occupational therapy intervention in this study can
promote the use-dependent plasticity of patients’ brains more effectively than conventional
occupational therapy interventions and is expected to improve patients’ motor functions.

If the occupational therapy intervention used in this study improves the patients’
upper limb motor function when compared to that of the conventional occupational therapy
intervention, the level of practice difficulty and the amount of practice used in this study
can act as a guideline to formulate a new practice method to improve the upper limb
function of patients. Occupational therapists can provide a sufficient amount of joint
movement exercises according to the severity of the patient’s upper limb motor paralysis to
encourage use-dependent plasticity in the patient. Standardization of occupational therapy
treatment content and equalization of treatment allow efficient and effective rehabilitation
of patients. Improvement in motor function contributes to the improvement of the patient’s
ADL (Figure 7). The results obtained after the implementation of this protocol will assure
that the ADL and certain results of occupational therapy can be attained by patients with
upper motor paralysis, in any facility.

Figure 7. Expected results. ADL, activities of daily living. In the administered occupational therapy,
the intervention group is defined by (1) setting the difficulty level of functional exercises, (2) providing
an adequate amount of exercise, and (3) the method of goal setting. Therefore, the use-dependent
plasticity can be promoted more effectively in the interventional group than in the conventional
occupational therapy group, and the patients’ motor functions are expected to improve. Improvement
of motor function is expected to contribute to the improvement of patients’ ADL.

This study has a few limitations. Since this study will be conducted at a facility in
Japan, it is unclear whether similar results will be obtained in other countries. We speculate
that there is a limitation to the generalization of this study’s results. In countries other than
Japan, the medical systems are different, and it is difficult to implement the same treatment
methods since insurance for hospitalization of patients with chronic stroke and the roles
of doctors and therapists vary. There are also cultural differences in the ADL required by
patients. Multinational studies are needed to clarify this point. In addition, the patient’s
nutritional status may affect the recovery of motor paralysis. In this study, it will not be
possible to obtain data on the nutritional status of patients prior to inpatient treatment.
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