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Background and purpose: This study aimed to investigate the factors that
influence physiotherapists’ decision in choosing restorative or compensatory
rehabilitation during gait training in people with neurological disorders (PwNDs)
and the different treatments used in the approaches.

Methods: This cross-sectional analysis used the baseline data from an
observational cohort study. We analyzed data from 83 PwNDs (65 people
after stroke, 5 with multiple sclerosis, and 13 with Parkinson’s disease) who
underwent at least 10 sessions of physiotherapy (PT) focusing on gait function.
Performance was quantified using the modified Dynamic Gait Index (MDGI),
three impairment domains of Fugl-Meyer Assessment for lower extremity
(MFEM-LL), Activities-specific Balance Confidence (ABC), modified Barthel Index
(mBI), Mini-Mental State Examination (MMSE), and Motivational Index (MI).
Forty-three physiotherapists completed a treatment report form categorizing
the rehabilitation approach and specifying treatments used (e.g., resistance
training and proprioceptive exercises).

Results: Fifty-six subjects underwent restorative rehabilitation approach. The
univariate predictors of restorative approach were being in the subacute phase
with a disease onset of less than 180 days, (odds ratio [95%Cl]; 3.27[1.19-9.24]),
mFM-LL (1.25[1.11-1.44]), MMSE (0.85[0.67-1.00]), and number of sessions
(1.03[1-1.01]). The backward stepwise analysis revealed an association between
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restorative and subacute phase (36.32[4.11-545.50]), mFM-LL (3.11[1.55-9.73]),
mBI (1.79[1.08-3.77]), MMSE (0.46[0.25-0.71]), and the interaction between
MFM-LL and mBI (0.99[0.98-1.00]). No statistically significant association
between treatments used and approach was found (p = 0.46).

Discussion and conclusion: The restorative approach was more commonly
used to improve gait. The main variables associated with this approach were:
being in the subacute phase of the disease, a low level of impairment, and a
high level of functional independence at baseline. However, few differences
were found between the treatments used for the restorative or compensatory
approaches, as similar PT treatments were used for both.

KEYWORDS

neurological rehabilitation, physical therapy modalities, stroke, multiple sclerosis,

Parkinson’s disease

Introduction

People with neurological disorders (PwNDs) typically present
limitations in performing functional tasks (1, 2). Therefore, a major
focus of neurological rehabilitation is to maximize functional
motor abilities, such as walking (3). It has been postulated that
functional improvements occur due to a combination of two
phenomena: (1) motor recovery via the relearning of premorbid
motor skills and (2) motor compensation via learning new
movement strategies (4).

Although both motor recovery and compensation can lead to
functional improvements, the decision between the two approaches is
not trivial. When motor recovery is prioritized, more emphasis is
placed on movement quality, providing more feedback on movement
performance, leading to the relearning of skilled movements.
Conversely, when compensation is prioritized, physiotherapists train
people to use assistive devices or other motor strategies. As a result,
less attention is paid to the quality of the movement, and this could
lead to different rehabilitation outcomes, as suggested by Krakauer (5).

The factors leading to the selection of motor recovery or
compensation are unknown. The clinical decision-making process
may be influenced by evidence-based practice reccommendations and
implicit, subjective theories based on clinical experience and
contextual factors (6, 7). The physiotherapist’s expectation of good
functional improvement may lead to the adoption of a restorative
rather than a compensatory approach. Factors influencing the
outcome of motor rehabilitation vary. These include people after
stroke age, the severity of walking disabilities, and balance impairment
at baseline (8, 9). For people with multiple sclerosis (MS), the impact
of balance impairment, disease severity, and disease progression on
gait rehabilitation outcomes is still under debate (10-12). In people
with Parkinson’s disease (PD), age, motor and cognitive impairment,
and disease severity were factors associated with gait
improvements (13).

To date, no studies have examined the relationship between these
factors and the clinical decision-making process in everyday clinical
practice. Our hypothesis is that the restorative approach is chosen
when a larger number of sessions are available and clinical
characteristics suggest a good clinical outcome. The aim of this study
was to investigate the factors influencing the choice between
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rehabilitation approaches. The secondary aim of this study was to
investigate whether restorative or compensatory approaches consisted
of different (PT)
clinical practice.

physiotherapy treatments in everyday

Methods
Study design

Data for this cross-sectional study were collected in a larger
multicenter longitudinal prospective cohort study investigating the
contents of neurological PT (see Supplementary Figure 1) (3). The
multicenter network involved a total of nine facilities: four research/
university hospitals, two general hospitals, and three rehabilitation
centers. All centers provided multidisciplinary rehabilitation,
including both outpatient and inpatient services.

The study was registered on clinicaltrial.gov (ID: NCT04386863)
and was approved by the Ethical Committee of [redacted].
Recruitment began in June 2018 and ended in July 2021. The study
was conducted in agreement with the Declaration of Helsinki, and all
participants provided written informed consent.

Participants

A convenience sample was recruited for the study from a variety
of rehabilitation facilities in order to minimize the potential for
selection bias. All the eligible subjects were recruited consecutively.
Participants were individuals after stroke and those with MS or PD
who met the following inclusion criteria: age>18years and had
received at least 10 20- to 50-min PT sessions aimed at improving
walking function. Only subjects who were unable to understand the
aims of the study and provide informed consent were excluded.

Experimental procedures

The recruited subjects followed rehabilitation programs set by a
multidisciplinary team, including healthcare professionals and
physicians. All participants underwent PT sessions foreseen by the
National Healthcare System and were clinically assessed before the
treatment. All clinical evaluations were performed by an
experienced clinical researcher not involved in the PT sessions. For

frontiersin.org


https://doi.org/10.3389/fneur.2024.1368973
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Mestanza Mattos et al.

each participant, the physiotherapist who administered the
treatment completed a treatment report form at the end of the
rehabilitation program. In the case of a physiotherapist treating
more than one subject, a form for each subject being treated
was completed.

Clinical assessment

Demographic information, such as sex, age, and disease onset, was
collected, along with clinical outcomes measured at the beginning of
the rehabilitation program to characterize participants. Subjects with
a disease onset of less than 180 days were considered subacute. Thus,
subjects with MS and PD were considered all chronic. The modified
Dynamic Gait Index (MDG]I) is a clinical scale that was used to assess
balance performances in dynamic tasks (the best score is 64 points),
while the Activities-specific Balance Confidence (ABC) is a 16-item
questionnaire used to rate individuals’ self-perceived balance
confidence during various activities of daily living (100 points
meaning complete confidence) (14-16).

Alterations of tactile and proprioceptive sensation, passive joint
motion, and joint pain in the lower extremities were assessed using
several items from the Fugl-Meyer Assessment for Lower Limb
(mFM-LL) to use a reproducible and known assessment procedure.
We selected these domains since they are useful for evaluating lower limb
impairments not rated by functional tests (17). Scores for the sensation
ranged from 0 to 10, scores of the passive joint motion ranged from 0 to
32, and finally, scores for the joint pain ranged from 0 to 20, with higher
scores indicating lower levels of impairment. The sum of the scores of the
three domains was calculated to provide a summary of sensory-motor
impairments. Both lower limbs were assessed, but only the score from
the most affected limb was considered for this study.

Finally, we used the modified Barthel index (mBI) to quantify
functional independence (100 points meaning complete
independence) and the Mini-Mental State Examination (MMSE) to
assess cognitive functions (best score of 30 points) (18, 19). The
Motivational Index (MI) was used to investigate participants’
motivation and engagement within the rehabilitation process (score
from 7 to 35 points) (20).

Physiotherapist treatment report form

Through a treatment report form, we asked physiotherapists to
identify the number of PT sessions provided, the approach used (by
checkbox), and the treatments used during the PT program (see
Supplementary Figure 2). The physiotherapists involved had to define
the approach used during the rehabilitation program (restorative or
compensatory) based on the purpose of the intervention provided, i.e.,
improving walking function. The definitions of restorative and
compensatory approaches were provided to the physiotherapists.
Restorative approach was defined as rehabilitation aimed at restoring
premorbid walking patterns, while compensatory approach was
defined as rehabilitation aimed at promoting new motor patterns to
walk (4).

Statistical analysis

Each PWND was categorized as receiving a restorative or

compensatory approach according to the physiotherapists
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classification. Then, the sample of PWNDs was split into two
subgroups, one treated with a restorative approach and the other with
a compensatory approach. Descriptive statistics consisted of group
means and standard deviations of demographics and clinical outcomes.

Bivariate and multivariate logistic regression models were
conducted using the approach (compensatory =0; restorative=1) as
dependent variable and clinical measures as independent variables.
All variables were used as predictors of the approach except for sex,
which was considered a confounder. A bivariate analysis was
performed using one independent predictor at a time. To improve
stability and control for variance inflation, determinants were removed
if collinearity was of concern in a model without interactions (variance
inflation factor (VIF)>5). All variables showing at least a weak
association with the dependent variable (p <0.1) were entered into a
multivariate model. Since the interaction between variables measuring
impairment and independence in activities of daily living was
associated with the dependent variable, it was also included in the
subsequent analyses. Finally, a backward stepwise logistic regression
was used to identify the most parsimonious model using the stepAIC
procedure from the MASS R library. Plots of residuals were used to
check for the homogeneity of variance, and qq plots were used to
check for normality of distributions of residuals, while CooK’s distance
provided an indication of the presence of influential observations.

To verify the consistency of results, we carried out a sensitivity
analysis running the same model on a subpopulation of people after
stroke in the subacute phase only (onset<180days), which was the
largest subsample in our study.

To check the association between approaches and treatments
provided during rehabilitation, we used contingency tables and an
overall chi-squared test, removing treatments with less than
10 occurrences.

A significance level of p<0.05 was set for all tests, and missing
data were not imputed. All analyses were performed using R Statistical
Software version 4.2.2 (R Core Team 2022).

Results
Participants characteristics

Data from 83 participants (65 people after stroke, 5 people with
MS, and 13 people with PD) were analyzed, and demographic and
clinical characteristics for the restorative and compensatory groups
are shown in Table 1. A total of 43 physiotherapists were involved and
completed the treatment form.

Factors identification

Whole sample

The univariate analyses revealed that subacute phase
((OR[95%CI] 3.28[1.19-9.24]), mFM-LL (1.25[1.11-1.44]), and
MMSE 0.85[0.67-1.00]), and number of available sessions (1.04[1.00-
1.08]) were associated with the restorative approach. These
relationships are depicted in Supplementary Figure 3. Furthermore,
the interaction between impairment and independence was also
statistically associated with the restorative approach (0.99[0.98-1.00]).
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TABLE 1 Demographic and clinical characteristics of the restorative and compensatory groups.

Overall
N =83

Characteristic

95%Cl

Sex (#, F) 34 /83 (41%) 12/ 27 (44%) 22 /56 (39%) 1.24 0.48-3.17 0.67
Age (years) 68.41 (11.12) 68.44 (10.13) 68.39 (11.66) 1.00 0.96-1.04 0.98
Setting (#, Inpatients) 62/83 (75%) 17/27 (63%) 45/56 (80%) 0.42 0.15-1.17 0.10
Subacute phase (#) 60 /83 (72%) 15727 (56%) 45/ 56 (80%) 3.27 1.19-9.24 0.02
Sessions (#) 24.02 (17.06) 18.70 (7.96) 26.59 (19.57) 1.04 1.00-1.08 0.06
MDGI (points) 22.95(18.80) 24.46 (22.26) 22.26 (17.20) 0.99 0.97-1.02 0.64
ABC (points) 36.64 (26.96) 38.41 (27.80) 35.81 (26.78) 1.00 0.98-1.01 0.69
mFM-LL (points) 57.04 (5.61) 55.11 (4.88) 57.98 (5.74) 1.25 1.11-1.44 <0.01
mBI (points) 66.00 (25.21) 68.33 (27.39) 64.88 (24.27) 0.99 0.98-1.01 0.56
MMSE (points) 27.40 (2.98) 28.19 (2.14) 27.02 (3.26) 0.85 0.67-1.00 0.09
MI (points) 27.41 (3.31) 27.56 (2.59) 27.34 (3.62) 0.98 0.85-1.13 0.78

C, compensatory approach; R, restorative approach; OR, odd ratio (reference category: C), 95%CI, 95% confidence interval of OR; MDGI, modified Dynamic Gait Index; ABC, Activities-
specific Balance Confidence; mFM-LL, modified Fugl-Meyer Lower limb; mBI, modified Barthel Index; MMSE, Mini-Mental State Examination; MI, motivational index.

The bold values for associations with a p-value below 0.10.

TABLE 2 Stepwise logistic regression model including best clinical
predictors of restorative or compensatory approach.

Clinical 95%ClI p-value
variables

Subacute phase 36.32 4.11-545.50 <0.01
mFM-LL 3.11 1.55-9.73 0.01
mBI 1.79 1.08-3.77 0.06
MMSE 0.46 0.25-0.71 <0.01
mFM-LL: mBI 0.99 0.98-1.00 0.07

AIC=58.11; R* McFadden =0.49. OR, odds ratio; 95%CI, 95% confidence interval; mFM-LL,
modified Fugl-Meyer Lower limb; mBI, modified Barthel Index; MMSE, Mini-Mental State
Examination.

Based on the results of the bivariate logistic regression analyses (see
Table 1 and Supplementary Figure 3), we included five independent
variables in the multivariate model: onset, mFM-LL, mBI, MMSE, and
the number of sessions, along with the interaction between mFM-LL
and mBIL The stepwise multivariate logistic regression result is
presented in Table 2, with the associations represented in Figure 1.

Being a subject after stroke during the subacute phase (onset
<180days), not severely impaired, and independent in daily life
activities were associated with a higher probability of receiving a
restorative rehabilitation approach. Cognitive status was significantly
associated with a restorative approach, with more impaired subjects
having a higher probability of receiving a restorative approach. In
addition, the lower panel of Figure 1 shows the interaction between
impairment and independence, where the probability of receiving a
compensatory approach is high only in dependent participants (lower
mBI scores) showing high levels of sensory-motor impairments (lower
mFM-LL scores).

Subacute sample

We performed a stepwise multivariate logistic regression (Table 3)
exclusively on the subacute population (onset<180days). The
multivariate model included independent variables associated with the
restorative approach in the univariate analyses.
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As expected, the p-value increased due to the reduction in sample
size. However, lower limb sensory-motor impairment was
significantly associated with a higher probability of receiving the
restorative approach, and the other predictors were close to
statistical significance.

Contents of different rehabilitation
approaches

Walking training, balance training, and proprioceptive exercises
were the most prevalent treatments to improve walking in PwNDs
(Supplementary Figure 4). Figure 2 shows the percentages of treatment
used for restorative or compensatory approaches. Despite the
differences observed across interventions, no statistically significant
association between approach and treatment was found using the
chi-square test (p=0.46).

Discussion

This unique observational study investigated the factors associated
with the selection of restorative or compensatory approaches in PT
clinical practice. We identified four main variables associated with the
restorative rehabilitation approach: being in the subacute phase of the
disease, having a low level of impairment at baseline with a high level
of functional independence, and having lower cognitive performance.

The physiotherapists interviewed were all able to define their
intervention as restorative or compensatory, indicating that the PT
theoretical frameworks are well recognized by clinicians (4, 21). Both
approaches were used to treat PwNDs, but the restorative approach
was used more often than the compensatory approach in everyday
clinical practice.

Our results suggest that specific clinical characteristics are
associated with physiotherapists’ choice of approach. The factor that
was most strongly associated with the restorative approach was the
onset, with subacute subjects being 36 times more likely to receive
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FIGURE 1

Fugl—Meyer Lower limb; mBI, modified Barthel Index.

MFM-LL

Probability of having a restorative approach based on stepwise logistic regression analyses. MMSE, Mini-Mental State Examination; mFM-LL, modified

60 65

TABLE 3 Stepwise logistic regression model including best clinical
predictors of restorative or compensatory approach on the subacute
population.

Clinical OR PEYAS| p value
variables

mFM-LL 4.67 1.69-29.21 0.03
mBI 2.77 1.17-10.72 0.07
MMSE 0.43 0.13-0.90 0.08
mFM-LL:mBI 0.98 0.96-1.00 0.08

AIC=38.03; R>? McFadden =0.51. OR, odds ratio; 95%CI, 95% confidence interval; mFM-LL,
modified Fugl-Meyer Lower limb; mBI, modified Barthel Index; MMSE, Mini-Mental State
Examination.

restorative rehabilitation compared to chronic ones. The findings of
this study support the a priori hypothesis that a physiotherapist’s
decision-making process was influenced by the expectation of a good
clinical outcome, and thus a restorative approach was more
likely chosen.

Spontaneous neurological recovery is by far the largest contributor
to behavioral restitution, and it is known that this phenomenon occurs
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during the first few weeks after stroke (subacute phase) (22, 23). Similarly,
severe impairment was positively associated with worse clinical outcomes
in longitudinal studies predicting walking recovery, and this association
was also present when considering independence (mBI). Interestingly,
we found a complex interaction between impairment and functional
impendence. Severely impaired subjects were likely treated with a
compensatory approach unless their independence level was high.

In other studies, preserved cognitive status was a predictor of
good clinical outcome, which contrasts with our findings (24, 25).
However, our results should be treated with caution, as the mean
MMSE score was close to the highest score on the scale, meaning that
the cognitive impairments measured by this test were rare in our
sample. The MMSE has been widely used as a screening tool for
dementia, but it has been criticized for not being sensitive enough to
cognitive impairments specific to these populations, suggesting that
other validated tests should be used in this population (26-28).
Moreover, average MMSE scores were similar for subjects treated with
a restorative and compensatory approach, and the association found
between MMSE scores and the restorative approach was unexpected.

In contrast with our hypothesis, other variables associated with
good clinical outcomes were not associated with the restorative
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approach. We anticipated that the age of individuals with PwNDs
would influence the physiotherapist approach, with older subjects
more likely to receive the compensatory approach. This expectation is
based on previous reports indicating that older age is associated with
poorer rehabilitation outcomes in individuals after stroke and in those
with PD (13, 29). Similarly, balance performance and subjects’
motivation for PT were not considered in the choice of rehabilitation
approach, although both factors have been shown to be associated
with functional outcomes at the end of rehabilitation (9, 11, 12, 30).

In addition, we expected that a greater number of available
sessions would influence the physiotherapist’s decision to select a
restorative approach, as the time spent in rehabilitation should result
in an increased therapy dosage (31, 32). The lack of association
between the number of sessions and the restorative approach may
be due to a lack of strong evidence supporting a dose-response effect
in PWNDs (33-35).

Walking training, balance training, and proprioceptive exercises
were frequently used to improve walking function in accordance with
international guidelines for stroke, MS, and PD (35-37). It should
be noted that a comprehensive data collection on the content of gait
rehabilitation was beyond the scope of this study, as this topic has been
investigated elsewhere (3). The treatments described in this study are
limited to the everyday clinical practice of the participating
rehabilitation centers. Other common PT approaches, such as dance
or aqua therapy (38, 39), were not investigated.

Our findings indicated that certain interventions were exclusive
to the restorative approach, such as manual therapy and motor
imagery. However, most treatments used were similar for both
approaches, resulting in a non-statistically significant difference. A
more detailed description of the PT treatments is needed to
understand the specifics between the restorative and
compensatory approaches.

The study has certain limitations. The definitions of compensation
and restitution in PWNDs, by Levin et al. (4), were used in this
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investigation. However, different interpretations of these concepts
among physiotherapists represent a potential for subjective bias in
their responses. Furthermore, we asked physiotherapists to classify
their interventions on PwNDs at the conclusion of the PT program.
Some interventions may have started with a restorative approach and
then shifted to a compensatory approach or vice versa from session to
session, depending on the needs of PwNDs. It was not possible to
collect this type of information using our physiotherapist treatment
report form.

No information was collected on the composition of the
multidisciplinary rehabilitation team.

Finally, we did not consider other variables that have already been
identified as predictors of good rehabilitation outcomes, such as the
early presence of lower limb spasticity and muscle strength (40) or
disease severity (12, 13, 41).

Conclusion

In this sample, a restorative approach was often used in
neurological rehabilitation. The main factor that influenced the choice
of a restorative approach was predicted clinical improvement.
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Fig. S1. Flow diagram of analysed subjects
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PwND: People with neurological disorders, PwST: people after stroke, PwMS: people with multiple sclerosis, PwPD people with
Parkinson’s disease, R: restorative approach, C: compensatory approach.



Fig. S2. Treatment report form administered to physiotherapists.

PT INTERVENTION FORM

Functional - Activities

sum of the 3 percentages
MUST BE = 100%

Date
. Priority | Approach Time LEGEND
Therapeutic goals — - .
[L.2.3) RiC % Preliminary remark: Not all the possible therapeutic goals or treatments are already

indicated in this form, please use the proper empty spaces to indicate what is not already
included.

Manipulation

Walking

Priority: please indicate up to 3 main rehabilitative aims and give them a level of priority:
1(high), 2{medium], 3 (low).

Postural transitions

Time %: indicate the percentage of time dedicated to each selected goal, compared to total

Muscle strength

Sensory functions

Stair climbing time of treatment.

ADL IN/OUT PATIENT: indicate whether the setting of rehabilitative intervention is hospital-based
Impairment (IN) or not (OUT).

Pain Restorative approach (R): rehabilitation's goal is to restore premorbid capacity of injured
Joint mobility functions.

Compensatory approach(C): rehabilitation's goal is to vicariate lost functions finding new
strategies.

Balance
Trunk control SUBJECT DATA
Standing position Name

Tertiary prevention

Sessions frequence: n® times/week; Total number of sessions:

Cardiorespiratory fitness

Session lasting:___ min  [IN/OUT PATIENT: O IN O QUT

Cognitive function

Genitourinary functions

oSpeech/swallow rehabilitation cOccupational Therapy
cMeuropsychologist oMassage Therapy
o (Other)

Other Therapies:

Participation

Cutdoor mobility

Quality of life

Other




Aid training

Aerobic training
Postural alignment exercises

Constraint induced movement therapy

Counselling

Tactile sensitivity exercises
Dual-task execises
Manipulation-grasping exercises
Proprioceptive exercises
Vestibular exercises

Motor imagery
Limphatic drainage
Passive mobilization

Muscle recruitment exercises

Resistance training
Stretching
Manual therapy

Instrumental physical therapies (specify)

Walking training

Balance training

Sensory strategies training
Myofascial release

Mote: Indicate upt to 5 interventions type for each goal. Specify the percentage time dedicated to each intervention.
The sum must be 100% for each goal.



Fig. S3. Probability of having a R approach based on bivariate logistic regression analyses.
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Fig. S4. Interventions used to improve walking in PWND
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