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Background. Progressive increase of an aging population inWestern countries will result in a growth of stroke prevalence. As many
stroke survivors chronically show severe disability, increase in economic, social, and medical burden could be expected in the
future. Objective and subjective measures of poststroke recovery are necessary to obtain predictive information, to improve the
treatments, and to better allocate resources. Aim. To explore a measure of the temporal dimension of poststroke recovery, to
search for predictive association with multiple clinical variables, and to improve tailoring of poststroke treatments. Method. In
this observational monocentric cohort study, 176 poststroke inpatients at their first cerebrovascular event were consecutively
enrolled. A novel measure based on the time needed to reach the main milestones of motor recovery was proposed. Moreover,
two commonly used outcome measures, a measure of global functioning (Functional Independence Measure (FIM™)) and a
measure of neurological poststroke deficit (Fugl-Meyer scale), were collected for the investigations of possible predictors. Results.
The patients showed a substantial increase in Fugl-Meyer and FIM scores during the rehabilitative treatment. The acquisition of
three milestones was significantly associated with female sex (autonomous standing), length of stay and Fugl-Meyer initial score
(autonomous walking), and Fugl-Meyer initial score (functional arm). These findings provided quantitative data on motor
milestone reacquisition in a sample of poststroke patients. It also demonstrated the value of the Fugl-Meyer score in predicting
the acquisition of two motor milestones, relevant for daily life activities. Conclusion. Systematic recording of the timescale of
poststroke recovery showed that motor milestone reacquisition happens, on average and when attainable, in less than 30 days in
our sample of patients. The present study underscores the importance of the Fugl-Meyer score as a possible predictor for better
improvement in reacquisition times of milestone functional recovery.

1. Introduction

According to a recent systematic review on global burden
of diseases [1], in 2015, neurological disorders globally
ranked as the leading cause group of disability-adjusted
life years (DALYs) (250.7 per million, comprising 10.2%
of global DALYs) and the second leading cause group of
deaths (9.4 per million, comprising 16.8% of global
deaths). Globally, stroke remained the main contributor
to this burden (47.3% of DALYs and 67.3% of deaths).

Worldwide, from 1990 to 2015, the DALY (a measure of
overall disease burden, expressed as the number of years lost
due to illness, disability, or early death) for all neurological dis-
orders increased by 7.4%. Increasing life expectancy in recent
years and improved treatments for the acute phase of neuro-
logical illnesses have been usually considered responsible for
such a trend.

In industrialized countries, a progressive shift in health
care systems is being developed from acute care settings
towards prevention and treatment plans mainly addressing
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chronic illnesses [2].
Rehabilitation treatments have the potential to reduce the

disability in patients experiencing poststroke sequelae [3–5].
Yet, the field of rehabilitation still lags well behind the recent
progresses of the acute treatment of stroke, and suggestions
have been recently provided to reduce the gap [6, 7]. Among
those, it is important to develop novel timeframes and mea-
sures to examine outcomes, able to overcome the lack of
knowledge about biology of recovery and its time course.

Here, we reappraise and propose functional measures of
the poststroke outcome, which rely on reaching the main
motor milestones of the poststroke recovery. The main aim
of the study is to exploit these measures to find out predictive
association with clinical variables.

In addition, we aimed to report on the timescale and pat-
tern of poststroke recovery, as they can be a useful tool to
describe and compare the results of the rehabilitation treat-
ments, to provide an evidence-based empirical outcome met-
rics, and to aid in shaping and settling the most favourable
and rational resource assessment in poststroke care.

Data on the timescale of motor milestone recovery have
been acquired in few previous studies [8–12]. In general, past
studies tried to associate the recovery of selected milestones
(which varied among the studies and often were broadly
defined) with anatomical location and size of the cerebral
lesions, or with different types of clinical or neuromotor
assessment.

No agreement exists in the literature on the optimal set of
motor milestones to be recorded during poststroke recovery.
Some authors selected up to sixteen milestones [8], but most
studies recorded three to four milestones with major func-
tional relevance. We chose eight motor milestones easily
detectable by physiotherapists in the setting of the rehabilita-
tive sessions. The items were selected among gross body
movements also evaluated in previous studies, which are cen-
tral to the disability related to the stroke and represent mile-
stones of recovery when regained [8–12]. Among those, we
performed more detailed analyses on those three with major
functional relevance in terms of disability during daily activ-
ities and aid workload for care givers: autonomous standing,
autonomous walking and functional arm. The three motor
milestones were selected also due to their importance in
characterizing motor function recovery after stroke [13, 14].
Autonomous standing, indeed, is mainly involved in the abil-
ity to perform bed to chair transfers with minimal or no
assistance, autonomous walking, even along short distance
and with orthoses, usually makes the patient able to get about
independently at home, and functional arm can provide a
valuable degree of independence in eating and personal care.

We apply the proposed measures in a monocentric
cohort study on a group of de novo stroke patients who went
through an inpatient rehabilitation treatment. Common
poststroke outcome measures are also reported, alongside
with those newly proposed, and association statistics with
demographic and clinical variables are searched for.

The results of the present study reappraise the value of
the Fugl-Meyer score [15] in predicting the acquisition of
two motor milestones with major functional relevance after
a rehabilitation treatment and provide quantitative data on

the timescales and percentage of the poststroke milestone
acquisition.

2. Materials and Methods

The study design and protocol were approved by the institu-
tional review board and by the Ethics Committee of ICS
Maugeri IRCCS Pavia (PV) and were in accordance with
the World Medical Association’s Code of Ethics (as per the
1967 Declaration of Helsinki). On admission, all patients
signed a consent form for the authorization of access to their
medical records; all patient data were managed
anonymously.

This observational study was performed according to the
guidelines of the STROBE (STrengthening the Reporting of
OBservational studies in Epidemiology) Initiative.

The study population consisted of 176 patients consecu-
tively admitted for stroke rehabilitation from January 2014
to August 2017 to the inpatient neurological rehabilitation
unit of the Scientific Institute of Pavia via Boezio (Istituti
Clinici Scientifici Maugeri IRCCS), which has a regional user
base and is certified (ISO9001, quality management systems)
for activities of rehabilitation (Figure 1). Patients were
referred to the rehabilitation unit from the local stroke unit
in the city of Pavia and were included in the study if (i) they
were at their first ischaemic or hemorrhagic stroke and (ii)
the stroke occurred less than 30 days before admission. The
exclusion criteria were as follows: (i) time of admission lon-
ger than 30 days from the stroke, (ii) patients with previous
cerebrovascular events, and (iii) patients with previous neu-
rological diseases other than stroke. Two of the 176 enrolled
patients were excluded from the study, due to previous cere-
brovascular events detected on close scrutiny after
enrolment.

The number of the referred patients during the study
period determined the sample size.

The multidisciplinary stroke rehabilitation team com-
prises the following professionals with expertise in poststroke
rehabilitation: neurologist, physiatrist, physiotherapist, occu-
pational therapist, speech and language therapist, neuropsy-
chologist, and nurse. The patients received physical and
occupational therapy (including passive and active joint
mobilization, stretching, and coordination exercises) for 3
hours per day for 5 days and for 1 hour for 2 days (weekends)
of each week. Patients with more severe initial disability were
managed with lower intensity programs. Admission and dis-
charge Functional Independence Measure [16] (FIM™) and
Fugl-Meyer [15] scores were recorded by physicians or
trained therapists, as a part of the formal rehabilitation pro-
gram. Each patient was rated by the same examiner (M.L.,
M.A., or E.P.F.) along the study.

In addition, we designed a further outcome measure
based on the percentages and times of acquisition of the main
milestones of the poststroke motor recovery, derived from
previous studies on motor milestone acquisition [8–12],
and on their relevance in characterizing motor function
recovery after stroke [13, 14]. In particular, we recorded the
time of recovery of the following eight functional and motor
milestones:
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(i) Muscle tone recovery, which is defined as the
increase in muscle tone during passive mobiliza-
tion on one of the affected limbs after the initial
(if occurred) flaccidity and tested in comparison
to the not affected limb; if no flaccidity develops
after stroke, a time recovery score of 0 is
assigned

(ii) Trunk control, defined as the ability of the patient
to maintain an unsupported sitting posture for lon-
ger than 1 minute at bed or plinth height to allow
hips, knees, and ankles positioned at 90°, with both
feet flat on the floor and weight distributed evenly
between the ischiatic tuberosities

(iii) Assisted standing, defined as the ability of the
patient to maintain a standing posture for longer
than 1 minute, with the therapist assisting in avoid-
ing occasional failures of the affected leg to sustain
the body weight

(iv) Autonomous standing, defined as the ability to
maintain an unsupported standing posture for lon-
ger than 1 minute without assistance, even with
orthoses (canes, walkers, etc.), and physical help is
permissible in making the transition from sitting to
standing, but there was no help during the standing
period

(v) Assisted walking, defined as the ability to walk for
ten meters or more, with or without orthoses, with

the help by the active assistance of the therapist
(correcting for balance, helping in moving forward
the affected leg, etc.)

(vi) Autonomous walking, defined as the ability to walk
without assistance, with or without orthoses, for
ten meters or more in a straight line

(vii) Active motility of the affected arm, defined as the
recovery of spontaneous motility of the affected
arm, even with synkinesis

(viii) Functional recovery of the affected arm, defined as
the ability to perform simple functional movements
with the affected arm (for example, to bring some-
thing to the mouth)

The number and percentage of patients who actually
achieved each milestone were recorded, and the time in days
to achieve each milestone was recorded for those patients
who actually reached those milestones.

Data were collected along the stay of patients in the unit.
FIM and Fugl-Meyer scales were administered at both admis-
sion and discharge; data onmilestone recovery were collected
on a daily basis by the physiotherapist as part of the rehabil-
itation treatment.

The concurrent diseases of the patients were also col-
lected at admission, as well as the Cumulative Illness Rating
Scale for Geriatrics [17, 18] (CIRS-G) and the modified
Barthel Index [19, 20] (Mahoney and Barthel, 1965; Shah
et al., 1989) scores.

Patients admitted from
stroke units (Jan 2014 to

Aug 2017)
n = 176

Assessed for eligibility
n = 176

Recruited
n = 174

Not recruited
n = 2 (not first-ever stroke)

Data available for analysis:
Demographic and clinical
FIM
Fugl-Meyer
Milestones

n = 174
n = 163
n = 132 
n = 159 

(i)
(ii)

(iii)
(iv)

Figure 1: Flow diagram.
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2.1. Statistical Analysis. We computed descriptive statistics
for all variables collected at the study entry and for changes
in the Fugl-Meyer score and FIM score between the study
entry and discharge.

Two separate multiple linear regression models were
computed, which simultaneously included all demographic
and clinical variables collected at the study entry (age, sex,
length of stay in the unit, Fugl-Meyer score, FIM score,
CIRSGpt, CIRSGig, and modified Barthel score) as indepen-
dent variables and adopted FM and FIM as dependent vari-
ables, respectively.

Moreover, we analysed the achievement of the milestones
and the time needed for achieving them. Last, we ran separate
multivariable binary logistic regression models (one for each
of the outcome measure) to comprehend the independent
relationships between the variables collected at the study
entry (age, sex, length of stay in the unit, Fugl-Meyer score,
FIM score, CIRSGpt, CIRSGig, and modified Barthel score)
and three main outcome measures at discharge (autonomous
standing position, autonomous walking, and functional
recovery of the paretic arm), codified dichotomously with
the same criteria (0 if absent and 1 if present). The three mea-
sures were chosen among the others due to their relevance in
achieving a fairly good independence in daily activities and
because they could provide an indirect comparison with pre-
vious works [8–12].

3. Results

Baseline features of the patients and changes in FIM and
Fugl-Meyer scores from admission to discharge are reported
in Table 1. The mean FIM and Fugl-Meyer gains were 25:8
± 17:1 and 22:0 ± 33:8 points, respectively.

The multiple linear regression ran for understanding pre-
dictors of changes on scales of the functional outcome did
not provide a significant model either for changes on the
Fugl-Meyer scores (R = 0:229, squared R = 0:053, F = 0:959,
p = 0:464) or for changes on the FIM score (R = 0:281,
squared R = 0:079, F = 1:782, p = 0:095), but we observed a
significant univariate correlation between duration of reha-
bilitation stay and changes on FIM score, albeit with a small
amount of explained variance (R = 0:246, squared R = 0:060,
F = 10:458, p = 0:001).

The features of the observed recovery milestones are
globally reported in Table 2. In our sample, muscle tone
recovery, trunk control, assisted standing, and active motility
of the affected arm were already present in a majority of
patients on admission (12 days after stroke onset, on aver-
age). Autonomous standing, autonomous walking, and func-
tional arm recovery milestones were acquired during the
rehabilitation treatment in 57.9%, 69.2%, and 40.9% of
patients, respectively. Autonomous walking, autonomous
standing, and functional arm were not reached in 23.9%,
14.5%, and 12.6% of patients, respectively. Less than 10% of
our sample did not reach the remaining milestones.

The recovery timescale of autonomous standing is shown
in Figure 2. Nearly 90% of patients could stand alone within
20 days since admission (Figure 1(b)). Multivariable binary
logistic regression for standing position at discharge pro-

vided a significant model (likelihood ratio: chi square =
50:03, p < 0:001). The only variable with a significant relation
with the positive outcome (i.e., presence of autonomous
standing at discharge) was female sex, however with likely
inherent data heterogeneity as shown by large CI (odds ratio,
OR, and 95% Confidence Interval (CI): 127.73 [1.02-
1590.09], p = 0:049).

Figure 3 displays the recovery timescale of autonomous
walking. Most of the autonomous walking recovery occurred
during the initial 30 days of treatment. Multivariable binary
logistic regression for autonomous walking at discharge pro-
vided a significant model (likelihood ratio: chi square = 70:51
, p < 0:001), with two variables significantly related to the
outcome: duration of rehabilitative stay (1.05 [1.01-1.09], p
= 0:012) and Fugl-Meyer score at admission (1.03 [1.01-
1.04], p = 0:002), although with small odd ratios.

The timescale of functional arm recovery (Figure 4)
shows that this milestone was less prone to recover (40.9%
of patients, Table 2), with the recovery predominantly occur-
ring during the first month of treatment. Multivariable
binary logistic regression for the functional arm at discharge
also provided a significant model (likelihood ratio: chi
square = 57:79, p < 0:001), with only one significant associa-
tion with the outcome, i.e., Fugl-Meyer score at the study
entry (1.05 [1.02-1.08], p < 0:001).

By stratifying the sampled population according to the
quartiles of Fugl-Meyer scores at admission (Table 3), differ-
ential patterns of recovery of the main motor milestones were
observed, useful to set personalized objective goals and to
guide the rehabilitation treatment. Specific, realistic, and
attainable outcome goals can be defined for patients classified
in different quartiles, and plans can be developed for facilitat-
ing proper discharge allocation or for anticipating the need
for home adjustment and community support. Patients
belonging to the first quartile, for example, who attained
autonomous walking in a limited number of cases, can be
preferentially addressed by physiotherapic regimes mainly
focused on wheelchair mobility. In patients belonging to
the higher quartiles, a recovery of the functional arm and
autonomous walking can be expected in relatively short
times, and tailored measures can be adopted when these
milestones do not recover in a timely fashion.

4. Discussion

Here, we report on poststroke recovery in a large group of
patients affected by a first-ever stroke. All patients showed a
variable degree of recovery, with a substantial increase in
Fugl-Meyer and FIM scores. Moreover, we traced the time
course of recovery of several motor milestones.

The acquisition of three motor milestones, chosen among
the others due to their relevance for personal independence
in daily life activities, is shown to be significantly associated
with female sex (autonomous standing), length of stay and
Fugl-Meyer initial score (autonomous walking), and Fugl-
Meyer initial score (functional arm), although all these asso-
ciations explained a relatively small portion of data
variability.
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Table 1: Baseline characteristics of the population study.

Values

Age (y), mean (SD) 76 (11)

Male sex (%) 53.4

Hypertension (%) 86.9

Carotid atherosclerosis (%) 44.3

Dyslipidemia (%) 43.8

Atrial fibrillation (%) 30.1

Diabetes mellitus (%) 21.6

Chronic ischaemic heart disease (%) 19.9

Depression (%) 17.6

Hyperhomocysteinemia (%) 16.5

Chronic kidney disease (%) 9.7

Barthel Index (%) 57.8 (23.1)

Time from stroke onset to rehabilitation admission (d), mean (SD) 12.0 (14.4)

Type of stroke

Ischaemic (%) 90.2

Hemorrhagic (%) 9.8

Side of lesion

Left (%) 51.7

Right (%) 43.1

Bilateral (%) 5.2

Right hemiparesis (%) 52.3

Left hemiparesis (%) 39.2

Aphasia (%) 33.0

Ataxia (%) 24.4

Dysarthria (%) 23.3

Dysphagia (%) 22.2

FIM score at study entry, mean (SD) 64.3 (23.3)

FIM score at discharge, mean (SD) 90.7 (26.4)

Fugl-Meyer score at study entry, mean (SD) 169.8 (41.7)

Fugl-Meyer score at discharge, mean (SD) 191.8 (41.7)

Length of stay (d) 52.6 (18.2)

Table 2: Number (and %) of patients who reached the recovery milestones during the observation period and mean days (and SD) elapsed
after admission for recovery of each milestone (data available for 159/176 patients).

Milestone
Already present at

admission
Not acquired at

discharge
Acquired during

treatment
Mean time of

recovery

Muscle tone recovery 137 (86.2) 5 (3.1) 17 (10.7) 6.8 (5.6)

Trunk control 125 (78.6) 7 (4.4) 27 (17) 6.9 (10.7)

Assisted standing 111 (69.8) 8 (5) 40 (25.5) 8.0 (10.7)

Autonomous standing 44 (27.7) 23 (14.5) 92 (57.9) 12.4 (10.8)

Assisted walking 73 (45.9) 15 (9.4) 71 (44.7) 10.9 (11.6)

Autonomous walking 11 (6.9) 38 (23.9) 110 (69.2) 25.9 (16.3)

Active motility of the affected arm 128 (80.5) 12 (7.5) 19 (11.9) 13.5 (16.3)

Functional recovery of the affected
arm

74 (46.5) 20 (12.6) 65 (40.9) 21.8 (16.1)
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4.1. Findings from Previous Works and Comparison with the
Present Study. The significance of the following comparisons
of our findings with those from previous studies is in all cases
dampened by (a) the differences in the number of adopted
milestones, (b) the lack of detailed and agreed descriptions
of the single milestones, (c) the difference in severity of the
motor conditions in enrolled patients, which can be only
grossly estimated, in part due to the lack of commonly
adopted clinical measures, and (d) the difference in many

clinical variables affecting the outcome (e.g., time elapsed
from stroke to admission and duration of hospital stay). Yet
even a tentative comparison may help in understanding the
usefulness of the milestone reporting and in correctly select-
ing the most significant milestones for future studies.

An early work [8] recognized a broadly repetitive pattern
of motor and functional recovery following a stroke and
reported on time and percentages of acquisition of different
milestones in a large group of patients. No correlation
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Figure 2: (a) Cumulative frequencies of autonomous standing acquisition times; abscissa, times of milestone acquisition; ordinate, absolute
number of patients. (b) Single frequencies of milestone acquisition, ordered according to their frequency; columns, absolute number of
patients; line, cumulative percentage.
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analysis was performed, but the paper highlighted the value
of collecting the data on recovery milestones for treatment
comparisons, to set objective goals and to monitor individu-
alized recovery performances. In that study, four milestones
showed a higher rate of unmet acquisition at discharge
(maintain sitting balance: 8.2%; stand up to free standing
position: 29.3%; independent walking: 46.7%; and place the
affected hand to the mouth: 46.2%) compared to the similar
ones from our study (Table 2; trunk control: 4.4%, autono-

mous standing: 27.7%, autonomous walking: 23.9%, and
functional recovery of the affected hand: 12.6%). No data
are available about the baseline impairment severity in that
study.

Another work [9] found that by classifying 95 stroke
patients in three subgroups on the basis of their motor,
somatic sensory, and visual field deficits, a highly significant
difference was obtained in the probability of reaching four
milestones (derived by the Barthel Index score: independence
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Figure 3: (a) Cumulative frequencies of autonomous walking acquisition times; abscissa, times of milestone acquisition; ordinate, absolute
number of patients. (b) Single frequencies of milestone acquisition, ordered according to their frequency; columns, absolute number of
patients; line, cumulative percentage.
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in ambulation, ability to walk 150 feet with assistance, inde-
pendence in self-care function, and reaching a point of
assisted care) of poststroke recovery among groups. Patients
affected by motor deficits only reached the selected mile-
stones with a higher percentage and more quickly than
patients affected by motor and sensory deficits did, and the
latter in turn performed better than patients with additional
visual field deficits. Lack of raw data and differences in the
study setting (the adoption of life table analysis, poorly com-

parable milestones and clinical categories, and longer obser-
vation time) prevent us to compare the reported findings
with those from our study.

In another study [10], the recovery time of three mile-
stones (independently reaching a sitting position, indepen-
dent walk, and stair climbing) was also found to be
differentially influenced by four variables (age, perceptual
impairments, depression, and comprehension disorders).
The only comparable milestone (independent walking) was
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Figure 4: (a) Cumulative frequencies of functional arm acquisition times; abscissa, times of milestone acquisition; ordinate, absolute number
of patients. (b) Single frequencies of milestone acquisition, ordered according to their frequency; columns, absolute number of patients; line,
cumulative percentage.
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reached in 46.7% poststroke patients (Table 2: 76.1% in our
sample).

Smith and Baer [11] reported on the association between
four “mobility milestones” (1-minute sitting balance, 10-
second standing balance, a 10-step walk, and a 10-meter
walk) and the Oxfordshire Community Stroke Project
(OCSP) Classification [21] of cerebral infarction in 238 isch-
aemic stroke patients. They found the following median
recovery times: day of stroke, for the 1-minute sitting balance
milestone (recovered in 93% of patients); 3 days, for 10-
second standing balance (recovered in 84.7%); 6 days, for
10-step walk (recovered in 80.1%); and 9 days, for 10-meter
walk (recovered in 77.7%). Individuals suffering from total
anterior circulation infarcts (TACI, according to OCSP clas-
sification) achieved the mobility milestones more slowly and
had a longer hospital stay, compared to patients affected by
partial anterior circulation infarcts (PACI), posterior circula-
tion infarcts (POCI), or lacunar infarcts (LACI). The median
values of our comparable milestones were 4 days (trunk con-
trol), 9.5 days (autonomous standing), and 22 days (autono-
mous walking). Overall, the three milestones were reached, at
the end of the stay at the hospital, in a comparable percentage
of patients (Table 2).

A more recent study [12] collected data on three recovery
milestones in a group of 69 patient affected by stroke (both
ischaemic or hemorrhagic): the ability to sit without support
for longer than 5 minutes, the ability to stand without sup-
port in excess of 1 minute, and the ability to walk for 50
meters without assistance. In that cohort of patients, 91%
achieved 5-minute sitting balance (median: 7 days), 80%
achieved the 1-minute standing balance (median: 8 days),
and 59% achieved the 50-meter independent walk (median:
13 days). A combination of the NIHSS score [22] at admis-
sion and the presence of posterior cerebral infarct or putam-
inal hemorrhage predicted achievement of ambulation
milestone. Compared to our findings, the three milestones
were reached in a slightly lower percentage of patients
(Table 2), even though the time of milestone acquisition
was similar for trunk control and a little faster for autono-
mous standing and walking. On the other hand, by compar-
ing the FIM scores at admission in the two samples, our
patients showed, on average, a less severe initial functional
impairment (Table 1: 64.3 vs. 56.0 FIM score).

4.2. Significance of the Study. Acquiring data on the mile-
stones of poststroke recovery has multiple advantages.

Firstly, it can provide an outcome set of measures which take
into account the temporal dimension of the poststroke pat-
tern of recovery [6, 7]. In addition, it supplies useful and eas-
ily recordable information on the degree of patients’
functional abilities. As performed in the present study, quan-
titative data on milestone acquisition can be adopted to
detect clinical variables associated with a better recovery
[9–12].

Secondly, the knowledge of times of recovery from stroke
impairments can guide the management choices, in terms of
tailored plans and time of treatment [4, 6]. This is particu-
larly evident whenever it is possible to stratify the patients
according to predictive clinical variables from admission, as
we suggested by adopting the quartiles of the initial Fugl-
Meyer score.

Moreover, percentages and times of milestone acquisi-
tion may be used in assessing the effect of alternative treat-
ment regimens, both pharmacological and physical.

Finally, the systematic recording of milestone acquisition
can provide a more detailed comprehension of the neurobiol-
ogy of the poststroke recovery [4, 6, 7]. Poststroke recovery
usually exhibits a broadly predictable pattern [4, 8], and a
rule of proportional recovery after stroke [7, 23, 24] has been
proposed, associated with the initial stroke severity and
explaining most of the improvement during poststroke
recovery. A subgroup of more severely affected patients,
however, does not fit the proportional recovery rule and
exhibits much poorer improvements. The temporal pattern
of milestone acquisition can help in precociously identifying
this subgroup of patients for further in-depth testing and set-
tling specific treatment plans.

Our study shows that the Fugl-Meyer score at admission
has a positive association with the acquisition of two func-
tionally relevant milestones, among the selected three. This
finding is consistent with the mentioned suggestion that a
major predictive variable of poststroke improvement is pro-
vided by stroke severity [23, 24]. The finding also highlights
the value of the Fugl-Meyer score as a useful clinical measure
of neurological impairment.

4.3. Limitations and Future Developments. Our study relies
on the identification of eight motor milestones during post-
stroke recovery. It is therefore crucial that milestone descrip-
tion should be extremely detailed, to assure the method
reproducibility. Each movement or activity had to be clearly
described, easily recognizable, reliably assessed, and scored
dichotomously (“absent” or “present”). Unfortunately, no
agreement exists in the literature on the milestone selection,
nor in the description accuracy of the milestones, which
makes it difficult to compare different studies.

The cohort enrolled in the present single-centre study is
not representative of all patients affected by stroke, nor the
sample size is wide enough to perform correlation measures
on all baseline clinical factors. In addition, in some patients,
the outcome measures were incompletely collected. These
factors, as well as the quite large variability of recovery rates
suggested by the relatively small portion of explained data
variability and by the relatively small odds ratios, advise that
further multicentre studies with a wider case mix are

Table 3: Percentage of retained and recovered milestones as a
function of Fugl-Meyer scores at admission.

Fugl-Meyer score at
admission (quartiles)

AS AW FA
adm dis adm dis adm dis

0-145 (I) 2.5 62.5 2.5 42.5 27.5 60.0

146-184 (II) 18.0 89.7 5.1 74.4 35.9 89.7

185-206 (III) 38.9 97.2 5.6 94.4 47.2 100

207-255 (IV) 51.3 94.4 13.9 94.4 77.8 100

AS: autonomous standing; AW: autonomous walking; FA: functional arm;
adm: admission; dis: discharge.
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necessary to confirm the present findings and comprehend
the possible reasons for heterogeneity in motor recovery.

5. Conclusions

This observational study provides quantitative data on reac-
quisition of motor milestones in a large sample of poststroke
patients. It also demonstrates the value of the Fugl-Meyer
score in predicting the acquisition of two motor milestones,
relevant for daily life activities.

By systematically recording the timescale of motor mile-
stone recovery, along with the Fugl-Meyer score, an
improved comprehension of the temporal dimension of the
poststroke recovery can be obtained, and a more efficient
management of the rehabilitation treatment can be achieved.

Data Availability

The clinical data that support the findings of this study are
available from the corresponding author upon reasonable
request.

Conflicts of Interest

The authors declare that the research was conducted in the
absence of any financial or nonfinancial relationships that
could be construed as a potential conflict of interest. The
present research was performed as part of the activities of
the authors as employees of “Istituti Clinici Scientifici Mau-
geri IRCCS”.

References

[1] V. L. Feigin, A. A. Abajobir, K. H. Abate et al., “Global,
regional, and national burden of neurological disorders during
1990-2015: a systematic analysis for the Global Burden of Dis-
ease Study 2015,” The Lancet Neurology, vol. 16, no. 11,
pp. 877–897, 2017.

[2] L. A. Graham, “Organization of rehabilitation services,” in
Handbook of Clinical Neurology, Neurologic Rehabilitation,
M. P. Barnes and D. C. Good, Eds., vol. 110, pp. 113–120, Else-
vier, Amsterdam, 2013.

[3] M. Musicco, L. Emberti, G. Nappi, C. Caltagirone, and for
the Italian Multicenter Study on Outcomes of Rehabilitation
of Neurological Patients, “Early and long-term outcome of
rehabilitation in stroke patients: the role of patient charac-
teristics, time of initiation, and duration of interventions,”
Archives of Physical Medicine and Rehabilitation, vol. 84,
no. 4, pp. 551–558, 2003.

[4] K. Ganguly, N. N. By, and G. M. Abrams, “Neurorehabilita-
tion: motor recovery after stroke as an example,” Annals of
Neurology, vol. 74, no. 3, pp. 373–381, 2013.

[5] D. Scrutinio, V. Monitillo, P. Guida et al., “Functional gain
after inpatient stroke rehabilitation,” Stroke, vol. 46, no. 10,
pp. 2976–2980, 2015.

[6] J. Bernhardt, K. Borschmann, L. Boyd et al., “Moving rehabil-
itation research forward: developing consensus statements for
rehabilitation and recovery research,” Neurorehabilitation and
Neural Repair, vol. 31, no. 8, pp. 694–698, 2017.

[7] N. S. Ward, “Restoring brain function after stroke - bridging
the gap between animals and humans,” Nature Reviews. Neu-
rology, vol. 13, no. 4, pp. 244–255, 2017.

[8] C. J. Partridge, M. Johnston, and S. Edwards, “Recovery from
physical disability after stroke: normal patterns as a basis for
evaluation,” The Lancet, vol. 1, pp. 373–375, 1987.

[9] M. J. Reding and E. Potes, “Rehabilitation outcome following
initial unilateral hemispheric stroke. Life table analysis
approach,” Stroke, vol. 19, no. 11, pp. 1354–1358, 1988.

[10] N. E. Mayo, N. A. Korner-Bitensky, and R. Becker, “Recovery
time of independent function post-stroke,” American Journal of
Physical Medicine & Rehabilitation, vol. 70, no. 1, pp. 5–12, 1991.

[11] M. T. Smith and G. D. Baer, “Achievement of simple mobility
milestones after stroke,” Archives of Physical Medicine and
Rehabilitation, vol. 80, no. 4, pp. 442–447, 1999.

[12] H. C. Yen, J. S. Jeng, W. S. Chen, and T. Teng, “Motor recovery
and milestone achievement in the acute phase of stroke: evalu-
ation based on lesion location,” Open Access Journal of Geron-
tology and Geriatric Medicine, vol. 3, no. 555604, 2017.

[13] G. Chaudhuri, R. F. Harvey, L. D. Sulton, and R. W. Lambert,
“Computerized tomography head scans as predictors of func-
tional outcome of stroke patients,” Archives of Physical Medi-
cine and Rehabilitation, vol. 69, no. 7, pp. 496–498, 1988.

[14] S. C. Loewen and B. A. Anderson, “Predictors of stroke out-
come using objective measurement scales,” Stroke, vol. 21,
no. 1, pp. 78–81, 1990.

[15] A. R. Fugl-Meyer, L. Jääskö, I. Leymann, S. Olsson, and
S. Steglind, “The post-stroke hemiplegic patient,” Scandinavian
Journal of Rehabilitation Medicine, vol. 7, pp. 13–31, 1975.

[16] J. M. Linacre, A. W. Heinemann, B. D. Wright, C. V. Granger,
and B. B. Hamilton, “The structure and stability of the func-
tional independence measure,” Archives of Physical Medicine
and Rehabilitation, vol. 75, no. 2, pp. 127–132, 1994.

[17] B. S. Linn, M.W. Linn, and L. Gurel, “Cumulative illness rating
scale,” Journal of the American Geriatrics Society, vol. 16, no. 5,
pp. 622–626, 1968.

[18] M. D. Miller, C. F. Paradis, P. R. Houck et al., “Rating chronic
medical illness burden in geropsychiatric practice and
research: application of the Cumulative Illness Rating Scale,”
Psychiatry Research, vol. 41, no. 3, pp. 237–248, 1992.

[19] F. I. Mahoney and D. W. Barthel, “Functional evaluation: the
Barthel Index,” Maryland State Medical Journal, vol. 14,
pp. 61–65, 1965.

[20] S. Shah, F. Vanclay, and B. Cooper, “Improving the sensitivity
of the Barthel Index for stroke rehabilitation,” Journal of Clin-
ical Epidemiology, vol. 42, no. 8, pp. 703–709, 1989.

[21] J. Bamford, P. Sandercock, M. Dennis, J. Burn, and C.Warlow,
“Classification and natural history of clinically identifiable
subtypes of cerebral infarction,” The Lancet, vol. 337,
no. 8756, pp. 1521–1526, 1991.

[22] T. Brott, H. P. Adams Jr., C. P. Olinger et al., “Measurements of
acute cerebral infarction: a clinical examination scale,” Stroke,
vol. 20, no. 7, pp. 864–870, 1989.

[23] S. Prabhakaran, E. Zarahn, C. Riley et al., “Inter-individual
variability in the capacity for motor recovery after ischemic
stroke,” Neurorehabilitation and Neural Repair, vol. 22,
pp. 64–71, 2007.

[24] C. Winters, E. E. van Wegen, A. Daffertshofer, and G. Kwakkel,
“Generalizability of the proportional recovery model for the
upper extremity after an ischemic stroke,” Neurorehabilitation
and Neural Repair, vol. 29, pp. 614–622, 2014.

10 Behavioural Neurology


	Milestones and Timescale of Poststroke Recovery: A Cohort Study
	1. Introduction
	2. Materials and Methods
	2.1. Statistical Analysis

	3. Results
	4. Discussion
	4.1. Findings from Previous Works and Comparison with the Present Study
	4.2. Significance of the Study
	4.3. Limitations and Future Developments

	5. Conclusions
	Data Availability
	Conflicts of Interest

