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Abstract

Background: Evidences show that generally stroke patients receiving greater amount of physiotherapy obtain better motor func-
tion over time, although this has not been investigated in the early post stroke population. The aim of the present observational
retrospective study was to investigate the relationship between the amount of physiotherapy provided to early post acute stroke
patients and their motor improvement.
Methods: Overall, 846 early stroke patients with hemiparesis, treated with physiotherapy, were retrospectively analyzed. Clinical
data at admission as well as functional scales at the first evaluation and at discharge were analyzed. For each patient, a rehabilitation
load (resulting from the total number of the 30’ daily consecutive physiotherapy sessions they received) was used as the dose of
physiotherapy. Pre and post rehabilitation scales were analyzed and their change (∆) was correlated with the rehabilitation load.
Results: The mean rehabilitation load was ten sessions (range 2 to 56). The scores of Barthel index, Motor Assessment Score, Motric-
ity index for both lower and upper limb, Functional Ambulation Classification, Berg Balance scale and Trunk control test signifi-
cantly improved from pre to post rehabilitation, and a significant correlation was found between the rehabilitation load and the
improvement in Barthel index (P < 0.05), Motor Assessment Score, Motricity Index for upper and lower limb (P < 0.001), Berg Bal-
ance scale (P < 0.05) and Trunk control test (P < 0.001).
Conclusions: In this study, a significant correlation was found between early post stroke motor rehabilitation dose and greater
improvement in functional scales, assessing patient’s independence, balance and paretic limb’s motricity.
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1. Background

In western countries, stroke represents the third cause
of death, the second cause of dementia and the first cause
of severe loss of independence. Although stroke inci-
dence and stroke-related death were reported to have de-
creased, longitudinal studies show an increase in the abso-
lute number of strokes and of the stroke impact on disabil-
ity in the world. Approximately 800,000 people in the USA
have their first or recurrent stroke each year. The preva-
lence of chronic stroke in the USA is estimated at about
seven million1, with about 80% of patients with stroke be-
ing over the age of 65. The prevalence of stroke is likely to
increase in the future due to the aging population. Even
though acute stroke care has improved, for example by
large-scale application of recombinant tissue plasmino-
gen activator (rTPA) (1, 2) and organized interdisciplinary
inpatient stroke care (3) (Stroke Units in Italy), a large num-
ber of patients still remain disabled regardless of the time
that has elapsed post stroke.

Only 12% of the patients with stroke are independent in
basic Activities of Daily Living (ADL) at the end of the first
post stroke week (4). In the long term, 25 to 74% of patients

have to rely on human assistance for basic ADLs, like feed-
ing, self-care and mobility (5). In Italy ischemic stroke was
reported in 80% of cases in the whole stroke population,
whereas hemorrhagic stroke was diagnosed in 20%. Stroke
incidence was 6.5% in the general population, respectively
7.4% in males and 5.9% in females (6).

Multidisciplinary rehabilitation of stroke is recom-
mended as the gold standard by several authors (7, 8)
and better outcomes in patients, who underwent more
intense motor rehabilitation regimens, than in patients,
who received lower intensity ones have been reported,
based on data taken from several randomized clinical tri-
als, usually conducted on mixed acute and chronic large
post stroke patients’ populations, including patients sub-
mitted to several different rehabilitative therapies (9). To
the best of our knowledge, the role of different amounts
of physiotherapy in specific timeframes after stroke has
not been exhaustively investigated till now, although early
post stroke rehabilitation is recommended and prescribed
worldwide. Pathophysiological mechanisms underlying
motor recovery after stroke are supposedly different be-
tween acute post stroke and the chronic phase (10), con-
sequently different effects are expected to be obtained by
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physiotherapy in different post stroke periods.
In Italy, stroke patients, usually admitted to the Stroke

Unit for acute care including thrombolysis, are referred
to rehabilitation units, as soon as the critical conditions
have been managed and the diagnostic procedures are
concluded. Afterwards, they are often transferred to Reha-
bilitation Units until recovery is completed. In nearly all
the Italian Stroke Units, early physiotherapy is started for
patients, who present motor deficits and then are prose-
cuted in the rehabilitation units or (in milder cases) in out-
patient settings. Their functional evaluation at admission
in and at discharge from the Stroke Unit is frequently per-
formed, including several scales measuring, both daily liv-
ing patient’s abilities and independence, ambulation qual-
ity or motor functions. Obviously, only a limited number
of these patients appear to be completely recovered at the
time of discharge from the Stroke Unit and do not need fur-
ther rehabilitation, the majority of them need to be treated
at specific rehabilitation units.

Although the effects of rehabilitation on motor recov-
ery have been studied in several researches on patients
with post stroke time of more than 10 to 30 days (9), to the
best of our knowledge, the effect of early post stroke reha-
bilitation, as offered in the Stroke Unit, on functional in-
dependence and motor abilities of patients has not been
investigated till now. This has both clinical and cost-
effectiveness implications, considering the allocation of
rehabilitative resources within acute care hospitals (11).

This real life retrospective study was conducted on pa-
tients with hemiparesis/hemiplegia due to stroke admit-
ted to the stroke unit of the Spedali Civili of Brescia from
January 2012 to May 2015, to evaluate the correlation be-
tween the dose of physiotherapy provided in the early post
stroke phase and different functional scales. We also inves-
tigated, on the basis of these results, which scales revealed
to be the most useful to be used to detect functional motor
improvement early after the stroke.

2. Methods

Clinical records of patients admitted to the Stroke Unit
of Spedali Civili between January 2012 and May 2015, due
to hemiparesis or hemiplegia as a result of stroke, who re-
ceived early post stroke motor rehabilitation, were retro-
spectively considered for this study. Clinical and demo-
graphic characteristics were recorded, including gender,
age, previous strokes, ischemic or hemorrhagic nature of
the present stroke, the type of respiration (spontaneous
or not) and the presence of dysphagia at admission. The
Comitato Etico of the Spedali Civili authorized the study,
according to good clinical practice rules. The national in-
stitute of health (NIH) Stroke Scale to evaluate stroke sever-

ity at admission and at discharge was available, as well as
the Rankin scale (12), for a generic evaluation of disability
before and after the stroke (ranging from 0 (no symptoms)
to 6 (dead)).

Time from admission to the first rehabilitative evalu-
ation (where physiotherapy was prescribed and started)
was calculated; all the patients were evaluated within 24
hours from admission to the Hospital and at discharge, by
the physiatrist.

A motor rehabilitation load, quantifying the amount
of physiotherapy provided to individual patients, was also
calculated as the total number of consecutive physiothera-
pies per patient, assuming that each of them lasted 30’ and
was conducted daily by the physiotherapist and ended the
day of patient’s discharge. Discharge was organized inde-
pendently from motor recovery whenever the critical con-
ditions were overcome, thus it was possible for patients
with more severe clinical condition to spend more time at
the Stroke Unit, receiving more physiotherapy sessions. Pa-
tients, if needed also received speech therapy, but data on
speech or swallowing disorders were not available so they
were not considered.

Motor rehabilitation was carried on an individual ba-
sis by expert physiotherapists, which aimed at improving
the functional movements of the patient with gradualism,
according to the general status of the patient in the early
post stroke phase and his/her stroke severity. In general,
the objective of this early phase rehabilitation was help-
ing the patients in moving from bed to sitting position,
then maintaining the trunk control before moving from
sitting to standing. For patients with complete plegia of
the limbs, only passive assisted movements of the limbs
were performed. On the other hand, mild paretic patients
were treated with the aim of improving the strength and
mobility of the limbs, with rehabilitation of gait as well as
upper limb/hand fine movements. Balance of trunk and
gait was also treated on an individual basis. A gradual pro-
gressive approach was used in order to avoid discomfort or
pain in the patient and to stimulate proprioceptive sensi-
bility and active limbs movements.

Patients were evaluated by using the following scales,
which have been used to compare pre and post treatment
status: 1) Barthel index (13), to assess independence in self-
care on a more specific level. For each item, the patient is
given a specific score (10 = independent; 5 = needs help 0 =
unable) depending of the grade of autonomy in self care;
2) Motor Assessment Score (MAS) (14) to measure patient’s
paretic limbs’ movements and muscle tone scoring from
1 (worse performance) to 6 (best performance) on a total
of 9 items (ability to move from supine to both sided po-
sition in the bed, from bed to sitting position, to maintain
the sitting position, to move from sitting to standing, to
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walk, to use arm and hand, and finally the muscle tone),
with the score of General Tonus ranging from 1 to 6, increas-
ing from hypotonus to hypertonus, where 4 indicates con-
sistently normal tonus; 3) motricity index (15), to investi-
gate fine movements of both left and right superior and
inferior limbs in more detail at a functional level. The scale
goes from 0 (complete paresis) to 100 (normal strength),
and the score is obtained by summing subscores for differ-
ent aspects of limb’s movement; 4) Functional Ambulation
Classification (FAC) (16) to assess qualitative aspects of am-
bulation, on a six point scale assessing how much human
support the patient requires when walking, regardless of
whether or not he/she needs a personal device; 5) Trunk
control test (17), scoring patient’s ability to turn on the af-
fected and non affected side, to move from lying to sitting
position and to maintain the sitting position from 0 to 25;
6) Berg balance scale (BBS)V (18), a 14-item scale designed to
measure balance in different tasks, each item ranging from
0 (lowest level of function) to 4 (highest level of function).

2.1. Statistical Analyses

Simple parametric analyses were performed (means
and standard deviations; comparison between pre and
post treatment by using the Wilcoxon signed Rank test),
and a correlation with Pearson method was performed in
order to investigate correlations between the amount of
treatment (the rehabilitation load) and the mean changes
(delta: ∆) in functional scales from pre to post rehabilita-
tion.

3. Results

Overall, 846 patients were considered, of whom 465
were male and 381 female. Their mean NIH Stroke Scale was
eight at admission and 6.4 at discharge. Furthermore, 713
patients out of 846 were admitted to the hospital due to
their first stroke (84%), the remaining had previous vascu-
lar accidents. Regarding the type of stroke, 640 were is-
chemic stroke and 194 hemorrhagic stroke (for 13 patients
the data were missing); 365 had a left-sided hemiparesis
and 481 a right-sided hemiparesis. The majority of the pa-
tients did not need respiratory assistance (731/846, 86%)
and 255 out of 846 (30%) were dysphagic at the time of
the first rehabilitative visit, when physiotherapy was pre-
scribed and started.

Mean time elapsed from admission to pre rehabilita-
tion assessment and starting of rehabilitation was 2.52
days, mean and standard deviation (SD) of rehabilitation
load were 10 sessions and 2.8 (see Table 1), respectively, with
ten days mean interval between pre and post rehabilita-
tion evaluations.

Table 1. Clinical Characteristics of the Stroke Patients (N 846)

Characteristics Valuesa

Age, y 70.67 ± 13.16

Gender

Male 465

Female 381

First event 713 (84)

Normal breathing 731 (86)

NIHSS

Admission 8

Discharge 6.4

Days fromadmission to1° evaluation (No., SD) 2.52 (2.8)

Rehabilitation load: number of daily 30’ sessions 10.01 ± 5.89

aValues are expressed as mean ± SD or No. (%).

One hundred and thirty out of 846 patients were con-
sidered recovered at discharge, the remaining still needed
physiotherapy, as such they were sent to rehabilitation
units or to out patient rehabilitation.

A statistically significant worsening in the Ranking
Scale before stroke compared to discharge after stroke
was noticed, indicating a reduction in functional indepen-
dence in the early post stroke phase (750 patients; P =
0.000). Means pre rehabilitation, post rehabilitation and
changes (post - pre rehabilitation score: ∆) in each func-
tional scale are presented in Table 2. A statistically sig-
nificant improvement was observed in motor assessment
score (723 patients; P = 0.000), functional ambulation clas-
sification (764 patients; P = 0.000), Barthel index (768 pa-
tients; P = 0.000), movement of the superior limb (613 pa-
tients; P = 0.009) and movement of the Inferior Limb in the
motricity index scale (608 patients; P = 0.000), trunk con-
trol test (756 patients; P = 0.000) and BBS (343 patients; P =
0.000), showing a general significant improvement in all
these scales, at the end of treatment when the patient was
discharged from the stroke unit.

Pearson correlation test between the rehabilitation
load and the ∆ scores in each functional scale revealed
a significant positive correlation between rehabilitation
load and Motricity indexes of both superior and inferior
limb movements (P = 0.000 and P = 0.009, respectively),
as well as between rehabilitation load and the Barthel in-
dex (P = 0.002), motor assessment scale (∆ = 0.000), BBS
(P = 0.002) and Trunk control test (P = 0.000), suggesting
a positive correlation between the load of treatment in the
early post stroke phase and the improvement in indepen-
dence measures, which were motor scales investigating ei-
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Table2. Mean Pre Rehabilitation, Post Rehabilitation Scores (With Each Standard Deviation Score Written in Parenthesis) and Changes (post-pre∆) in Scores of Rankin, Barthel
Index, MAS, Motricity Scale Upper and Lower Limb, BBS, Trunk Control Test and FAC

MPRE (SD) M POST (SD) ∆ P Valuea

Rankinb 3.93 (1.18) 3.46 (1.41) -0.47 0.00

MAS 21.41 (17.43) 25.64 (17.77) 4.22 0.00

FAC 1.15 (1.61) 1.71 (1.93) 0.56 0.00

Barthel 34.96 (33.93) 43.47 (36.71) 8.5 0.00

Motricity upper limb 55.62 (36.75) 59.39 (36.73) 3.77 0.00

Motricity lower limb 59.86 (35.25) 63.19 (34.87) 3.32 0.00

BBS 24.10 (22.38) 29.21 (22.74) 0.00

Trunk Control Terst 52.79 (41.64) 64,69 (39.95) 0.00

aT Test P Value.
bPre stroke Rankin vs. Ranking at discharge.

ther changes in motricity of the paretic limbs or balance
and trunk control.

On the other hand, no significant correlation was
found between the rehabilitation load and the changes in
functional ambulation (P = 0.297) and Rankin (P = 0.736)
scales (Table 3).

Table 3. Pearson Correlation Results Between Rehabilitation Load and ∆ Scores

r P Value

∆ Rankin -0.012 0.736

∆MAS 0.130 0.000

∆ FAC 0.037 0.297

∆ Barthel Index 0.110 0.002

∆Motricity upper limb 0.092 0.009

∆Motricity lower limb 0.146 0.000

∆ BBS 0.164 0.000

∆ Trunk Control Test 0.179 0.000

4. Discussion

The main result of this real life observational retrospec-
tive study was a dose-response relationship between the
number of early post stroke physiotherapy sessions and
the improvement in scales measuring both patients’ in-
dependence in daily activities and the severity of hemiple-
gia, at the time of patients’ discharge from the Stroke Unit.
On average, patients received ten 30’ daily physiotherapies
and greater improvement was found in scales measuring
upper and lower limb motility as well as measures of per-
sonal independence and balance. Of course the improve-

ment in motor functions may be ascribed to the combi-
nation effect of both spontaneous recovery of hemiplegia
and the role of physiotherapy, although, the effects of each
of these two factors are hardily separable. The relevant re-
sult of this study was the significant correlation found be-
tween the load of motor rehabilitation given to patients
in the acute post stroke phase and the greater amount of
functional improvement in most functional scales, con-
firming the dose effect data observed in longer follow ups
(9). The scales, which resulted to significantly correlate
with the physiotherapy dose were Barthel index, measur-
ing the independence in feeding, dressing, personal hy-
giene and moving from bed to chair and more specific
scales addressing limbs motricity (MAS and Motricity in-
dices of upper and lower limb) as well as balance (Trunk
control test and BBS). On the other hand, FAC, measur-
ing fine aspects of ambulation, did not correlate signif-
icantly with the rehabilitation load. The possible expla-
nation of this is, in our opinion, that although it signifi-
cantly improved from admission to discharge, ambulation
is not frequently rehabilitated early after stroke, whereas
physiotherapic treatment more frequently treats specifi-
cally limbs’ movements and balance. The qualitative as-
pects of gait are typically treated later on, when the pa-
tients are stable in the standing position and have milder
strength deficits in the paretic leg. Possibly, longer follow
up of months would be able to detect significant effects of
rehabilitation on ambulation improvements, but this nec-
essarily implies the availability of patients’ records after-
wards, which was not the case in our study. The motor as-
pects, which are shown to significantly improve in the first
week post stroke, are postural and balance changes (mov-
ing from bed to sitting position and from sitting to stand-
ing position as well as trunk balance) and specific motor
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abilities of upper and lower limb, as investigated by BBS,
Trunk control test, Motricity indices and MAS. For this rea-
son these last scales, in our opinion, are better suited for in-
vestigating motor aspects of hemiplegics in the early post-
acute phase.

Our data are interesting because of the homogeneity
of the population studied and the short time interval con-
sidered in measuring the outcomes. They confirm, in a se-
lected population of early post acute stroke patients, the
findings published on more heterogenic patients’ popula-
tions in previous researches. For example, Lohse et al. (9)
found a positive relationship between time scheduled for
therapy and outcomes with mean time post stroke of one
year, and Veerbeek et al. (19), who investigated the effects of
different interventions on different functional measures
(i.e. the effects on gait, arm/hand function, balance), also
found positive results. Previous studies, on the other hand,
revealed small benefits of the therapy dose, for example
the study of Kwakkel et al. who reported nearly 0.020 cor-
relation with measures of ADLs and walking speed (20).
However in Kwakkel et al.’s meta-analysis, the authors did
not accurately measure the difference in treatment dura-
tion between patients. A recent study also reported that
convalescent stroke patients, who increased their number
of physiotherapies from 3 to 6 hours/day, demonstrated
improvement in their walking ability, especially those with
complete paralysis or severe paralysis of the lower limbs.
However, the population studied in this research was ex-
amined after a mean of one-month post stroke (21). Re-
cently a Canadian review analyzing the results of eight
randomized clinical trials comparing stroke patients, ex-
amined from 13 to 42 days (mean) from stroke, receiving
high or low intensity physiotherapy, revealed that higher-
intensity upper-limb and higher-intensity physiotherapy
both resulted in significantly greater improvements in
motor function. The results on the effect of physiotherapy
also involved the chronic post stroke phase (8).

The main limitation of our study was the absence, due
to ethical reasons and to the observational nature of the
study itself, of a control group of patients, who did not re-
ceive any physiotherapic intervention. This issue, which
is relevant in order to separate the effects of spontaneous
recovery from the role of physiotherapy, can, in our opin-
ion, hardly be overcome in future research. Furthermore,
the absence of imaging data, in order to control for the
effects of lesion size on stroke evolution, is another limi-
tation. Due to the retrospective nature of the study, ana-
lyzing the clinical data on available records of stroke pa-
tients, the presence of missing data can be regarded as a
limit as well. Finally, the absence of information about neu-
ropsychological deficits of each patient is worth to be con-
sidered as a defect, in particular the presence or absence

of language, spatial exploration, memory or orientation
deficits, which could have been responsible, at least in part,
for differential outcomes in daily activities. Particularely,
Gialanella and Mattioli found that anosognosia, and non-
unilateral spatial neglect, is the worst prognostic factor for
motor recovery in right brain damaged stroke patient (22).

The presented results of a greater motor improvement
in patients, who received greater physiotherapy load can
be interpreted in terms of increased plasticity due to exer-
cise. Studies on animals and humans have demonstrated
that large quantities of practice lead to cortical reorgani-
zation and improved behavioral function. Similar studies
linked neural changes with recovery of function and learn-
ing in adults post-stroke (23, 24). These data indicate that
increased practice leads to greater skills, as long as practice
is challenging, progressive and skill-based (23-25).

The direct relationship between the amount of physio-
therapy provided in the early post stroke phase and the de-
gree of motor amelioration, suggests that providers of re-
habilitation services should consider an increase in ther-
apy time for early post acute stroke patients. Although, fu-
ture studies will be needed in order to systematically com-
pare the effects of high versus low intensity physiothera-
pies in early post acute stroke patients, our data support
the observation that higher-intensity physiotherapy may
result in lower costs and improved health outcomes (11).

Implications of the manuscript: A significant correla-
tion between the amount of physiotherapy and the im-
provement in many functional scales in early post stroke
patients was shown in this retrospective real life study. This
result prompts further randomized clinical trials com-
paring different groups of patients receiving different
amounts of physiotherapy, and suggests treatment of early
post stroke patients with intensive motor rehabilitation.
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