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DURATION OF REHABILITATION THERAPY TO ACHIEVE A MINIMAL CLINICALLY
IMPORTANT DIFFERENCE IN MOBILITY, WALKING ENDURANCE AND PATIENT-
REPORTED PHYSICAL HEALTH: AN OBSERVATIONAL STUDY
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Objective: To compare the duration of exercise the-
rapy needed to achieve a minimal clinically important
difference in mobility, walking endurance and patient-
reported global physical health in patients referred for
inpatient rehabilitation after knee surgery, hip sur-
gery, or with multiple sclerosis or Parkinson’s disease.
Design: Retrospective pre-post intervention obser-
vational cohort study.

Subjects: A total of 388 patients (57% women,
mean age 65.6 years (standard deviation 9.5))
with a minimum length of stay 10 days were inclu-
ded between 1 January 2020 and 30 April 2021.
Methods: Outcomes were assessed at the start
of, and discharge from, rehabilitation, using the
following measures: mobility (Timed Up and Go test),
walking endurance (6-minute walk test), patient-
reported global physical health (Global Physical
Health subscale of the 10-item Patient-Reported Out-
comes Measurement Information System). The dura-
tion of exercise therapy needed to achieve a minimal
clinically important difference was determined using
anchor-based and distribution-based methods.
Results: The duration of therapy needed to achieve
a minimal clinically important difference was longer
in patients with multiple sclerosis or Parkinson’s
disease (18-88 h) than in patients after knee or hip
surgery (8-25 h). In all patient groups, the duration
of exercise therapy needed, determined using the
distribution-based method, was shortest for patient-
reported global physical health (knee surgery
9.6 h, hip surgery 6.8 h, multiple sclerosis 38.7 h,
Parkinson’s disease 18.4 h).

Conclusion: The duration of active therapies required
to achieve a minimal clinically important difference
in physical outcomes varies widely (range 8-88 h)
among different patient groups and outcomes.
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Exercise therapy improves mobility, walking endu-
rance, and patient-reported global physical health,

(LAY ABSTRACT A
This study in an inpatient rehabilitation setting evalua-
ted the duration of exercise therapy needed to achieve
a clinically important difference in 3 outcome measu-
res: mobility, walking endurance, and patient-reported
global physical health. Results were compared between
4 groups: patients who had undergone knee surgery;
patients who had undergone hip surgery; patients with
multiple sclerosis; and those with Parkinson’s disease.
The exercise duration required ranged from 8 to 88 h
and was longer in patients with multiple sclerosis or
Parkinson’s disease, which are chronic progressive neu-
rological conditions, compared with patients who had had
knee or hip surgery. In all groups, the duration of exerci-
se therapy required to achieve a clinically important dif-
ference was shortest for patient-reported global physical
\health compared with mobility and walking endurance. )

which are central goals of inpatient rehabilitation. For
patients who have undergone knee or hip surgery (1),
or who have multiple sclerosis (MS) (2) or Parkinson’s
disease (PD) (3-7), the effectiveness of exercise is
supported by evidence from randomized controlled
trials (RCTs) and meta-analyses. Early rehabilitation
after knee surgery and hip surgery results in faster
improvement in mobility and reduces overall costs
(8, 9). In patients with MS, a chronic inflammatory
disease of the central nervous system, exercise impro-
ves mobility and reduces the risk of losing important
skills for maintaining independence in daily living
(10). In patients with PD, one of the most common
neurodegenerative diseases, mobility is improved by
different forms of exercise training, including treadmill
training, training of compensatory movement strate-
gies, dancing, aerobic exercises, hydrotherapy, balance
and gait training (3-7).

RCTs evaluating treatment effects in these patients
use stringent inclusion and exclusion criteria for good
reasons, such as to improve homogeneity in the study
population, which increases statistical power and
improves financial efficiency. However, as a conse-
quence, patients included in RCTs are highly selected,
with higher homogeneity resulting in larger treatment
effect sizes in RCTs compared with patients in eve-
ryday healthcare. Using routine clinical data, clinical
changes observed during the course of treatment are
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likely to be smaller, but more representative, than
those found in RCTs. Interpretation of the relevance
of changes in a clinical outcome measure is facilitated
by comparison with the minimal clinically important
difference (MCID) of that measure.

Because the strongest evidence is found for the
effectiveness of exercise compared with other forms of
therapy, the current study focuses on the relationship
between the duration of exercise and changes in outco-
mes, excluding therapies that do not use exercise. Key
outcomes in rehabilitation cover different, but inter-
related, aspects of physical health. Mobility, evaluated
with the Timed Up and Go test (TUG), covers standing
up, walking a short distance, turning, walking back,
and sitting down, which are basic aspects of mobility
relevant for living independently at home. Walking
endurance (evaluated with the 6-minute walk test;
6MWT) provides an indication of ability to perform
activities outside the home. However, as capacity
measures of mobility and walking endurance do not
include patients’ perceptions, they are supplemented by
evaluation of patient-reported global physical health,
assessed using the 10-item Patient-Reported Outcomes
Measurement Information System — Global Physical
Health subscale (PROMIS-10-GPH).

The duration of exercise necessary to achieve a MCID
in these outcomes is unknown; hence the objectives of
the current study are: (7) to determine how many hours
of exercise (dose) are necessary to achieve MCIDs in
mobility (TUG), walking endurance (6MWT), and
patient-reported global physical health (PROMIS-
10-GPH); and (i) to evaluate how results differ between
4 groups of patients: those who have undergone knee
or hip surgery, and those with MS or PD.

METHODS

Design and inclusion criteria

A retrospective pre-post intervention observational
cohort study was conducted using data from routine
evaluation of outcome measures recorded at the start
and before discharge from rehabilitation. Inclusion
criteria were: patients admitted for inpatient rehabilita-
tion at the Valens and Walenstadtberg clinics, Kliniken
Valens, St Gallen, Switzerland, between 1 January
2020 and 30 April 2021. The following 4 diagnostic
groups, which are highly prevalent in clinic, were in-
cluded: patients who had undergone knee surgery or
hip surgery referred for inpatient rehabilitation because
of severe co-morbidity and restrictions in activities of
daily living (ADL); persons with MS (independently
walking with or without assistive devices, Expanded
Disability Status Scale (EDSS) <7); and persons with
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PD. Exclusion criteria were: patients who did not
provide written informed consent for further use of
their clinical data; and patients with a length of stay
<10 days mostly due to unforeseen discharge with
acute illness.

Rehabilitation

After admission to the rehabilitation centre, a stan-
dardized assessment was performed, together with
individual goal-setting to plan rehabilitation interven-
tions. Improving physical health and mobility was a
high-priority goal. Patients received a minimum of
10 h therapy per week, in 3—6 therapy sessions, with
a duration of 20—60 min per day. Therapy was offered
6 days per week and a mean of 1.8 h exercise therapy
was provided per day. Exercise was provided as part
of the multidisciplinary management and based on
current practice guidelines for treatment after knee and
hip joint replacement in persons with osteoarthritis (1)
and the treatment of persons with MS (2) and PD (7).
Exercise included task-specific training of mobility
and other ADL relevant to the patient, training of gait
and balance, aerobic exercise to improve strength and
endurance and external cueing in persons with PD.
Exercise treatment was accompanied by provision of
patient information. Other therapies were neuropsy-
chological, social and dietary counselling, and patient
education.

Outcomes

Primary outcomes and dependent variables were:
mobility, walking endurance, and patient-reported
global physical health, evaluated after admission to,
and before discharge from, rehabilitation.

Mobility was evaluated with the TUG, which measu-
res the time needed to stand up from a chair, walk 3 m,
turn around, walk back and sit down on the chair again.
The TUG test has good reliability and validity in older
patients with frailty and those with MS to quantify
mobility and measure improvement (11, 12). Better
TUG scores (i.e. shorter times, in s) are associated with
ability to leave the house independently and safely (11)
and predict living at home after rehabilitation (13).

Walking endurance was measured in neurological
patients only, using the 6MWT, which measures the
distance (in m) walked in 6 min on a horizontal plane
with a hard surface. Speed and intensity are determined
by the patient, and breaks are allowed, making the test
reflective of the intensity level of daily activities (14).
The 6MWT is sensitive to changes in functional ability
in patients with MS or PD (15, 16). Walking endurance
can provide a good indication of ADL and the possibi-
lity of performing activities outside the home.
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Patient-reported global physical health was assessed
using the PROMIS-10-GPH (17). The GPH subscale
is based on responses on 4 items: (i) physical health
in general; (i7) performing physical activities, such as
walking, stair climbing and shopping, and moving a
chair; (iif) mean pain intensity; and (iv) fatigue. Items
are rated on a 5-point scale, ranging from poor (1 point)
to excellent (5 points), with a total possible range of
4-20 points. The raw total score is transformed, using a
transformation table, to a Global Physical Health score
with a range of 0—-100 points (17). Transformation is
not linear. Normative values for the healthy popula-
tion have a mean of 50 points and standard deviation
(SD) of 10 points (17). The PROMIS-10-GPH has
been used in patients with knee surgery, hip surgery
and MS (18-20), and a review recommends its use in
patients with PD (21).

The independent variable was exercise duration (in h)
between admission and discharge. In order to assess
duration of exercise, data regarding patients’ appoint-
ments during inpatient rehabilitation were downloaded
from the electronic scheduling system. Therapies not
provided were deleted and appointments not involving
exercise (e.g. patient education, social, neuropsycho-
logical and nutritional counselling) were excluded.

For description of the patient population, multimorbi-
dity was assessed using the Cumulative Illness Rating
Scale (CIRS) (22) developed by Miller et al. in 1968
(23). The CIRS captures illnesses of 14 different organ
systems, with severity ranging from 0 (no illness) to 4
(life-threatening illness). The total score ranges from
0 to 56. Polypharmacy was defined as the use of 5 or
more medications (24).

Minimal clinically important difference

The MCID is the smallest change in an outcome that
is considered clinically important (25). The MCID
is not a constant value of a measurement tool, but
depends on the patient population, the diagnosis, and
the stage and severity of the disease. The MCID can
be determined using a variety of methods. In studies
using the anchor-based method participants answer an
“anchor” question about whether they find the change
in the outcome of interest relevant. This anchor ques-
tion is used to determine the MCID (26). In studies
using the distribution-based method the MCID is de-
fined as a change of half an SD in the measurements
in the patient group at entry (27). A change of half an
SD corresponds with a medium Cohen'’s d effect size
of 0.5 (28). For all outcomes, the distribution-based
method was used and the MCID was defined as half
an SD of the entry measurement.

For the TUG, the anchor-based method was used in
addition to the distribution-based method, based on
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results of a study by Braun et al. of geriatric patients
with limited mobility (mean age 83 +6 years) who
were considered comparable to the patient group in the
current study (29). In Braun et al.’s study, an MCID
of 3 s for the TUG was determined, corresponding to
a relative change of 15%. No anchor-based values for
MCID were available for the PROMIS-10-GPH and
6MWT from studies in comparable patient groups.

Floor and ceiling effects and limitations of cognitive

functions

Floor and ceiling effects limit the ability of assessments
to evaluate change in outcome measures. Floor effects
in measurements of mobility (TUG) and walking en-
durance (6MWT) occur in patients who are unable to
perform the task. Ceiling effects occur when scores
are at or near the possible upper limit. Ceiling effects
for the TUG were defined based on published age- and
sex-based normal values (30). In the 6MWT, the ceiling
effect was individually defined based on the upper limit
of predicted distance for healthy individuals and cal-
culated using the formula published by Troosters (31).
For the PROMIS-10-GPH it was recorded whether pa-
tients were unable to complete the measure due to cog-
nitive limitations. For the PROMIS-10-GPH, a ceiling
effect was defined as an entry raw summed score less
than 0.5 SD below the maximum raw summed score
of 20 points. The proportion of patients with missing
data due to cognitive limitations, floor or ceiling effects
was recorded. Substantial floor and ceiling effects are
generally referred to when more than 15% of patients
achieve the highest or lowest score (32).

Statistical analysis

SPSS Statistics 27.0 (IBM Corp., Armonk, NY, USA)
was used for all statistical analyses.

Multiple imputation of missing data

Data were defined as missing if an assessment did
not take place due to time or organizational reasons.
Missing data were replaced with multiple imputation
(MI). Data were not considered missing and therefore
not replaced by imputation if collection was not pos-
sible due to motor or cognitive limitations.

Data not missing completely at random may intro-
duce bias in the results of analyses. The validity of
estimated values is then limited and analyses based
on complete cases are unsuitable. MI creates datasets
with imputed values and accounts for random error,
resulting in better estimates of parameters and their
confidence intervals (33, 34). Little’s test was used to
check whether data were missing completely at random
(35). p-values <0.05 in the current study indicated
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that data were not missing completely at random and
therefore 5 complete data-sets were formed using MI
with the fully conditional specification (FCS) method
(33, 34).

Absolute or relative change

For each outcome measure, homoscedasticity of
absolute change between admission and discharge
was analysed as the dependent variable, with base-
line measures as the independent variable. Changes
are homoscedastic if they have a similar dispersion
in individuals with low and high values at baseline.
Homoscedasticity was assessed in a graphical repre-
sentation and with the modified Breusch—Pagan test
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(36, 37). In case of significant heteroscedasticity of
absolute changes in outcomes, relative changes were
evaluated for homoscedasticity and used if appropriate.

Therapy duration required for minimal clinically
important difference

The required duration of exercise therapy to achieve
a MCID improvement was calculated. The MCID
was calculated using the distribution-based method,
where MCID=0.5 * SD of measurement at entry (27).
The required duration of exercise (in h) to achieve a
change in the extent of MCID was calculated as fol-
lows: exercise duration for MCID (h)=total exercise
duration (h) * MCID/change in outcome. In an earlier

Patients with knee or hip surgery, Parkinson’s Disease, or Multiple Sclerosis (EDSS < 7)
referred for inpatient rehabilitation (= 10 days)
(n=561)

n No informed consent

(n=154)

| Unforseen discharge due to

acute illness, <10d (n = 19)

n=388
Knee surgery Hip surgery Multiple Sclerosis Parkinson’s
(n=68) (n=40) (n=201) Disease (n =79)

.

-

.

-

T1 after admission: assessments

v

Inpatient rehabilitation

'

T2 before discharge: assessments

Not analysed (depending on
diagnosis and assessement):
- TUG, BMWT: because of floor
or ceeling effects (n=2 - 22)
- PROMIS-10-GPH: due to
restrictions in speech or
cognition (n=2 - 12)

A

Finally analysed

v v

v

v

Knee surgery Hip surgery Multiple Sclerosis Parkinson’s
Disease
TUG n=66 TUG n=40 TUG n=179 TUG n=63
6MWT NA 6MWT NA 6MWT n=184 6MWT n=65
PROMIS- PROMIS- PROMIS- PROMIS-
10-GPH n=62 10-GPH n=38 10-GPH n=189 10-GPH n=68

Fig. 1. Study flow chart. EDSS: Expanded Disability Status Scale for patients with MS. A score <7 indicates patients are independently walking
with or without assistive devices; NA: not assessed; TUG: Timed Up and Go test; PROMIS-10-GPH: Patient Reported Outcomes Measurement

Information System — Global Physical Health; 6MWT: 6-minute walk test.
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study of a population of geriatric patients, considered
comparable with the population in the current study,
the mean value of the TUG was 20 s and the anchor-
based MCID was 3 s, which corresponds to a relative
change of 15% (29). Because the patient population in
the earlier study was very similar to the patient popu-
lation in the current study, an anchor-based MCID of
15% was used. The results were compared with those
of the distribution-based method. Due to insufficient
power, no statistical comparisons were made between
outcomes and diagnostic groups.

RESULTS

Population

Fig. 1 shows patient flow in the study and Table I shows
descriptive data for the 4 diagnostic groups. Of a total
of 561 patients hospitalized at Kliniken Valens from
1 January 2020 to 30 April 2021, 73% had provided
written informed consent for further use of their data.
Ofthese patients, 5% were excluded due to unforeseen
discontinuation of rehabilitation because of acute ill-
ness. The remaining patients were analysed in the 4 dif-
ferent groups: knee surgery, hip surgery, MS, and PD.

Table I shows the demographic data and baseline
results of outcome measures for the 4 diagnostic
groups. The mean age of patients with MS was lower
than for the other diagnostic groups. The proportion
of women was higher than that of men in all groups
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except for the group with PD, in which the proportion
of women was lower. The vast majority of patients
lived at home before hospitalization and rehabilitation.
Independence in daily living was measured with the
Functional Independence Measure (FIM) (38). FIM
scores can range from 18 to 126 points and showed
a relevant limitation of independence at entry in all
patient groups. Patients with PD were more likely to
require home care, more frequently had polypharmacy
and had higher multimorbidity (CIRS) compared
with the other groups. Length of stay was comparable
among the 4 groups. The duration of therapy (in h per
day) was comparable in patients after knee surgery
and hip surgery and lower than in patients with MS
or PD. In <10% of subjects entry measurements for
the TUG, 6MWT, and PROMIS-10-GPH could not
be completed, due to cognitive limitations in the case
of the PROMIS-10-GPH and severe limitations in
mobility for the TUG and 6MWT.

Completeness of data and imputation

The overall proportion of missing data was 6.8%. In
52% of the patients, 1 or more values were missing.
Variables with larger proportions of missing data
were outcome measurements at discharge that had
not been collected due to time constraints. Data were
not missing completely at random (MCAR, Little’s
test p<0.00001). Patients with missing values were
more impaired cognitively and in terms of mobility.
Therefore, multiple imputation was performed.

Table I. Characteristics of patient groups for the 4 diagnostic categories at entry into rehabilitation

Knee surgery Hip surgery Multiple sclerosis Parkinson’s disease
(n=68) (n=40) (n=201) (n=79)

Age, years, mean (SD) 66.9 (9.0) 71.0 (9.1) 52.4 (10.7) 72.0 (9.0)
Sex, female, % 61.8 57.5 69.2 38.0
Living situation before rehabilitation

Independently at home, % 95.6 97.5 95.0 83.5

At home with home care, % 2.9 2.5 4.5 13.9
Retirement/nursing home, % 1.5 0.0 0.5 2.5
Independence (FIM), mean (SD) 90 (11) 90 (12) 104 (15) 80 (25)
Length of stay, days, mean (SD) 20 (7) 17 (5) 25 (6) 24 (10)
Multimorbidity (CIRS), mean (SD) 9.7 (4.0) 9.9 (4.7) 9.8 (3.9) 12.7 (5.1)
Polypharmacy =5 medications, % 70.6 60.0 61.7 96.1
BMI, kg/m?, mean (SD) 30.6 (6.8) 28.6 (5.8) 24.8 (5.4) 25.1 (4.3)
Days post-operation, mean (SD) 6.4 (1.8) 6.8 (3.1) NA NA

Both sides, n (%) 9 (13) 9 (23) NA NA
Severity of the disease

EDSS, mean (SD) NA NA 4.9 (1.4) NA

UPDRS, mean (SD) NA NA NA 31.8 (19.8)
Quality of life (EQ5D 0-100), mean (SD) 58 (19) 57 (16) 58 (19) 53 (21)
Data available, % 92.6 95.9 91.0 74.7
Therapy (exercise), h/day, mean (SD) 1.27 (0.22) 1.24 (0.23) 1.80 (0.37) 1.51 (0.47)
Mobility, TUG, s, mean (SD) 27 (15) 28 (15) 18 (19) 24 (30)
Data available, % 94.1 97.5 96.9 89.9
Walking endurance, 6-minute walk test, m, mean (SD) NA NA 278 (124) 303 (142)
Data available, % NA NA 91.5 82.3
Patient-reported global physical health, PROMIS-10-GPH, 39.1 (5.8) 39.1 (6.3) 39.8 (6.3) 37.9 (5.7)
mean (SD)

Data available, % 91.2 92.5 87.6 74.7

BMI: body mass index; CIRS: Cumulative Iliness Rating Scale; EDSS: Expanded Disability Status Scale; EQ5D: European Quality of Life 5 Dimensions; FIM:
Functional Independence Measure; NA: not assessed or not applicable; PROMIS-10-GPH: Patient Reported Outcome Measurement Information System - Global
Physical Health; SD: standard deviation; TUG: Timed Up and Go Test; UPDRS: Unified Parkinson’s Disease Rating Scale.
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Table II. Floor and ceiling effects at baseline for measures of mobility (TUG), walking endurance (6MWT), and patient-reported global

physical health (PROMIS-10-GPH) across the 4 diagnostic groups

Knee surgery Hip surgery  Multiple sclerosis Parkinson’s disease Total
(n=68) (n=40) (n =201) (n=79) (n=388)
Mobility (TUG)
Floor effect, n (%) 2 (2.9) 0 8 (4.0) 7 (8.9) 17 (4.4)
Ceiling effect, n (%) 0 0 14 (7.0) 9 (11.4) 23 (5.9)
Analysed, n (%) 66 (97.1) 40 (100) 179 (89.1) 63 (79.7) 348 (89.7)
Walking endurance (6MWT)
Floor effect, n (%) NA NA 17 (8.5) 14 (17.7) 31 (11.1)
Ceiling effect, n (%) NA NA 0 0 0
Analysed, n (%) NA NA 184 (91.5) 65 (82.3) 249 (88.9)
Patient-reported global physical health (PROMIS-10-GPH)
Not completed due to restrictions in speech or cognition, n (%) 6 (8.8) 2 (5.0) 12 (6.0) 11 (13.9) 31 (8.0)
Analysed, n (%) 62 (91.2) 38 (95.0) 189 (94.0) 68 (86.1) 357 (92.0)

NA: not assessed or not applicable; n: number; TUG: Timed Up and Go test; PROMIS-10-GPH: Patient Reported Outcome Measurement Information System -

Global Physical Health; 6MWT: 6-minute walk test.

Floor and ceiling effects and limitations of cognitive
functions

Table I shows the proportion of patients with floor and
ceiling effects in mobility (TUG) and walking endurance
(6MWT), and the proportion of patients who could not
complete the PROMIS-10-GPH due to cognitive limita-
tions. The TUG showed a minor ceiling effect in patients
with MS and PD and a minor floor effect in patients
after knee surgery and in patients with MS and PD. The
6MWT showed a minor floor effect and no ceiling ef-
fect in patients with MS or PD. The PROMIS-10-GPH
showed no floor or ceiling effects. Cognitive limitations
including language resulted in 8% of all patients being
unable to complete the PROMIS-10-GPH. This propor-
tion was highest in patients with PD (14%).

Absolute or relative difference

Scatter plots for absolute changes in physical health
(PROMIS-10-PH) and walking endurance (6MWT)

between admission and discharge were homoscedastic.
The modified Breusch—Pagan test was not significant
(PROMIS-10-GPH p=0.064; 6MWT p=0.134).
Therefore, absolute changes in the PROMIS-10-PH
and 6MWT were used in the analysis. In contrast,
absolute changes in the TUG between admission and
discharge showed marked heteroscedasticity and the
modified Breusch—Pagan test indicated significant
heteroscedasticity (»p<0.0001). Relative changes were
homoscedastic, as the modified Breusch—Pagan test
was not significant (p=0.245). Therefore, relative
changes in the TUG were used in the analysis.

Exercise duration to achieve a minimal clinically
important difference

Table III and Fig. 2 show, per diagnostic group and
outcome measurement, the duration (in h) of exercise
required to achieve a change in the extent of MCID.
Comparing results of the distribution-based method
for all outcomes, the duration of exercise required

Table III. Duration of exercise therapy required to achieve minimal clinically important difference (MCID) per outcome and diagnostic group

Knee surgery Hip surgery Multiple sclerosis Parkinson’s disease
Mobility (TUG), anchor-based n=66 n=40 n=179 n=63
MCID (relative (%)) 15 15 15 15
Change (relative (%)) 40.0 44.4 19.9 19.3
Exercise therapy during rehabilitation (h) 25.1 21.6 44.0 34.1
Duration of exercise therapy for MCID (h) 9.4 7.3 33.2 26.5
Mobility (TUG), distribution-based n=66 n=40 n=179 n=63
MCID (0.5 SD of baseline values, s) 7.5 7.8 9.6 15.7
Change (s) 12.1 14.1 4.8 8.5
Exercise therapy during rehabilitation (h) 25.1 21.6 44.0 34.1
Duration of exercise therapy for MCID (h) 15.4 11.9 87.6 63.6
Walking endurance (6MWT), distribution-based NA NA n=184 n=65
MCID (0.5 SD of the entry measurement, m) NA NA 62 71
Change (m) NA NA 58.8 47.1
Exercise therapy during rehabilitation (h) NA NA 44.7 33.7
Duration of exercise therapy for MCID (h) NA NA 47.1 50.9
Patient-reported global physical health n=62 n=38 n=189 n=68
(PROMIS-10-GPH), distribution-based
MCID (0.5 SD of the entry measurement, points) 2.9 3.2 3.2 2.9
Change (points) 8.1 10.2 3.8 5.7
Exercise therapy during rehabilitation (h) 26.5 21.8 46.5 36.8
Duration of exercise therapy for MCID (h) 9.6 6.8 38.7 18.4

n: number; NA: not assessed or not applicable; TUG: Timed Up and Go test; PROMIS-10-GPH: Patient Reported Outcomes Measurement Information System -

Global Physical Health; 6MWT: 6-minute walk test.
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a MCID (Hours)

Mobility (TUG, anchor-

based) based)

u Multiple Sclerosis

p. 7 of 10

m Parkinson's Disease

50

40 33,2

30 26,5

20 154

o 9 73 96 77 II
, N

Moblllty (TUG, distribution-

Walking endurance (6MWT,
distribution- based)

Patient- reported physical
health (PROMIS-10-GPH,
distribution-based)

Fig. 2. Duration of exercise therapy needed to achieve a minimal clinically important difference (MCID) in mobility, walking endurance and patient-
reported physical health outcome measures in 4 different patient groups. TUG: Timed Up and Go test; PROMIS-10-GPH: Patient Reported Outcomes
Measurement Information System - Global Physical Health; 6MWT: 6-minute walk test.

to achieve a MCID was greater for patients with MS
or PD than for those with knee or hip surgery. The
outcome patient-reported global physical health re-
quired the shortest duration. For the outcome mobility
(TUG), the distribution-based method found that 50%
more hours were needed to achieve a MCID than was
shown by the anchor-based method for patients after
knee and hip surgery, and the distribution-based met-
hod found that 150% more hours were needed than
was shown by the anchor-based method for patients
with MS and PD. Furthermore, the hours required to
achieve a MCID were similar for patients with knee
and hip surgery in mobility and patient-reported glo-
bal physical health. For patients with MS, the hours
required to achieve a MCID were similar for walking
endurance and patient-reported global physical
health. Patients with PD required fewer hours to
achieve a MCID for patient-reported global phy-
sical health compared with walking endurance. The
distribution-based method showed that all patient
groups achieved a mean improvement greater than the
MCID in patient-reported global physical health. In
patients with MS or PD, mean improvements in mobili-
ty and walking endurance were smaller than the MCID.

DISCUSSION

This retrospective cohort study evaluated the dura-
tion of exercise therapy needed to achieve a MCID
regarding mobility, walking endurance and physical
health in individuals after knee surgery, hip surgery,
and with MS or PD. In all patients, the duration of
exercise therapy required to achieve a MCID ranged

from 8 to 88 h. The duration of therapy needed was
longer in individuals with MS or PD (25-88 h) than
in individuals after knee or hip surgery (8-25 h). In
all patient groups, the duration of exercise therapy
needed, determined using the distribution-based
method, was shortest for patient-reported global phy-
sical health.

The shorter duration of exercise therapy required to
achieve a MCID in individuals with knee or hip surgery
compared with those with MS or PD is probably due
to natural recovery after surgery, while MS and PD are
chronic progressive diseases. In patients with MS or
PD, motor function is affected throughout the body,
which may additionally hinder improvement compared
with individuals after surgery.

The anchor-based MCID of the TUG was 30-60%
lower than the distribution-based MCID. Conse-
quently, the duration of exercise therapy (in h) required
to achieve an improvement in the anchor-based MCID
was also correspondingly lower. A possible explanation
for the higher values of the MCID with the distribution-
based method is that the heterogeneity, and thus the
SD, of TUG values was greater in the current study
compared with Braun et al.’s study (29). In patients
evaluated before and after spinal surgery for lumbar
degenerative disc disease, different anchors resulted in
a mean MCID of 36% (39), which is higher than the
15% in the current study.

At Kliniken Valens, a mean of 1.8 h of exercise the-
rapy is provided per day for 6 days per week including
admission and discharge days. With this duration, the
MCID is currently not reached in distribution-based
analysis of mobility (TUG) and walking endurance
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(6MWT) in the neurological patient groups, who have
a mean length of stay of 25 days. At the same time,
however, the MCID is achieved with the PROMIS-
10-GPH, indicating that the distribution-based MCID
for mobility and walking endurance may be overes-
timated. All patient groups required shorter duration
of therapy to achieve a MCID in patient-reported
global physical health (PROMIS-10-GPH) compared
with mobility (TUG). Patient-perceived improvement
appears to be greater than improvement in mobility
measured by therapists. This may be because patients’
perceptions are influenced not only by the time needed
to complete physical tasks, but also by levels of pain,
confidence and fear of falling.

It is notable that the knee surgery and hip surgery
groups had less exercise therapy per day (1.27 h and
1.24 h, respectively), compared with the groups with
MS or PD (1.80 and 1.51 h, respectively). This may
be due to the reduced general health of patients after
knee and hip surgery, and that these patients had more
therapies that did not include exercise.

Other studies have reported similar or lower MCID
values for the 6BMWT. In the current study, the 6 MW T
was not routinely administered in patients with knee
or hip surgery. The distribution-based MCID for the
6MWT was 62 m (corresponding to 22%) for persons
with MS and 71 m (corresponding to 23%) for persons
with PD. A study of patients with chronic lower extre-
mity musculoskeletal pain reported a similar MCID of
75 m (40). A review by Wise & Brown also reported
comparable distribution-based and anchor-based
MCID values of 55-80 m in persons with chronic
obstructive pulmonary disease (COPD) (41). Lower
anchor-based MCID values of 14 m for adults with
fear of falling and 24—-30 m for patients with cardiac
and pulmonary conditions were reported in a syste-
matic review by Bohannon et al. (42). A review of
studies in patients with respiratory, cardiovascular, or
musculoskeletal disease reported mean anchor-based
MCID values for the 6MWT of 7% change (range
3-15%) and slightly higher distribution-based MCID
values of 9% change (range 4-16%) (43). MCID
values in the current study were higher for patients
with MS (22%) and PD (23%). Several factors may
contribute to differences in MCID values. Firstly,
MCID values for an assessment depend on the diag-
nosis, as well as on the phase of the disease in the
patient population, and on the calculation method.
Results for determining MCID depend on the method
used (26). In the current study, greater heterogeneity
in neurological patient groups, indicated by larger
SDs in the baseline measurement, contributed to the
larger MCID values. Overall, the MCID values in
the current study were in the higher range of MCID
values reported in other studies.
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Distribution-based MCIDs of the PROMIS-10-GPH
in the current study ranged from 2.9 to 3.2 points.
A study with patients with knee arthroscopy showed
comparable MCID values with the anchor-based
method (3.2-3.3 points) (44). Lower MCID values
were reported for patients with total knee arthroplasty
(anchor-based method 2.5 points; distribution-based
method 2.3 points) (45). In contrast, other studies
showed much higher MCIDs in patients with hip arth-
roscopy (5.1 points) (46) and in patients after spinal
surgery (4.3 points) (47). In the current study, MCID
values were in the lower range compared with other
studies. This may have contributed to the fact that
patients in the current study required the lowest dura-
tion of exercise therapy to achieve an improvement
corresponding to the MCID for the PROMIS-10-GPH,
compared with the TUG and the 6MWT.

A limitation of the current study is that anchor-based
MCID values were not available for most outcomes and
patient groups (26). An anchor-based MCID value was
available only for the TUG from a study in a compa-
rable population using the anchor-based method (29).
However, it can be questioned whether it is feasible
for patients to provide responses to anchor questions
separately for 3 outcomes.

The current results can be applied in comparable
settings and in patients with similar diagnoses and
disease stages. However, a further limitation is that the
results of this study may not be applicable to patients
after knee or hip surgery at a later stage of recovery
who have smaller remaining deficits. It is likely that
smaller improvements are then considered relevant
and MCIDs decrease. Consequently, at later stage of
recovery, the duration of therapy needed to achieve a
MCID will most likely be different from the values
found in the current study. Further research is needed
to compare MCIDs at different stages of recovery.

Strengths of the current study are an inclusion rate
of approximately 70%, data completeness of 90%, and
multiple imputation of missing data, which reduces
bias and increases the representativeness and validity
of the results. The same distribution-based method
for MCID was applied to all patient groups, allowing
comparison of results between diagnostic groups and
assessments. Estimates of exercise therapy times were
considered accurate because they were extracted from
the electronic planning system of Kliniken Valens.

When choosing one of the assessment measures used
in the current study for general clinical use, several
issues should be considered. The 3 measures capture
slightly different, partially overlapping, aspects of
physical health. Mobility measured with the TUG can
be recommended for patient populations with restricted
independence in daily living at home, as it includes
getting up, walking, turning, and sitting down. The
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TUG can be performed with minimal time expenditure.
Walking endurance measured with the 6MWT is most
relevant for patients who want to improve mobility
outside the home. Patient-reported global physical
health measured with the PROMIS-10-GPH is recom-
mended for patient populations without cognitive
limitations that could interfere with its application.
The PROMIS-10-GPH is completed independently by
the patient. It has high ecological validity, as it displays
how the respondents perceive their physical health. In
all diagnostic groups, the PROMIS-10-GPH yielded
the shortest duration of therapy to achieve a MCID.

Further studies are needed to determine the anchor-
based MCID during rehabilitation in patients with
different diagnoses. In addition, prospective clinical
studies are needed to assess the required duration of
therapy per disease or diagnosis group with respect
to MCID. These data should then be used to conduct
studies to define evidence-based rehabilitation dura-
tion per diagnosis.

In conclusion, the duration of exercise therapy requi-
red for an improvement corresponding to the MCID
ranged from 8 to 88 h, depending on the outcome
measure used and patients’ diagnosis. The required
duration of therapy was longer in patients with MS
or PD, compared with those who had had knee or hip
surgery. In all diagnostic groups, the required duration
of therapy, determined using the distribution-based
method, was smallest for patient-reported global
physical health (PROMIS-10-GPH) compared with
mobility (TUG) and walking endurance (6MWT).
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