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Accuracy of therapist predictions

ABSTRACT
Background: Early prediction of outcome after stroke is becoming increasingly important,
since most patients are discharged from hospital stroke units within several days after stroke.
Objectives: 1) To determine the accuracy of physical therapists (PTs) prediction at hospital
stroke unit regarding upper limb (UL) capacity; 2) to develop a Computational Prediction
Model (CPM) and 3) to compare the accuracy of PTs’ and CPMs’ prediction. Secondary
objectives were to investigate the impact of timing on the accuracy of PTs and CPMs’ predictions and to investigate the direction of the difference between predicted and observed
outcome. Finally, we investigated if the accuracy of PTs’ prediction was affected by their
experience in stroke rehabilitation.
Design: Prospective cohort study.
Methods: PTs made predictions at T72h and Tdischarge about UL capacity after 6 months in 3
categories, derived from the Action Research Arm Test. At the same time, clinical variables
were measured to derive a CPM. The accuracy of PTs and CPMs’ predictions was evaluated
by calculating Spearman rank correlation coefficients (rs) between predicted and observed
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outcome.
Results: 131 patients and 20 PTs participated. For T72h, rs between predicted and observed
outcome was 0.63 (P<0.01) for PTs’ predictions, and 0.75 (P<0.01) for the CPM. For Tdischarge,
rs for PTs’ prediction improved to 0.75 (P<0.01), the rs for CPMs’ predictions improved
slightly to 0.76.
Limitations: PTs administered a test battery every 3 days, which might enhance accuracy
of prediction.
Conclusions: Accuracy of PTs’ predictions at T72h is lower than that of the CPM. At Tdischarge,
PTs and CPMs’ predictions are about equally accurate.
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Stroke is the leading cause of disabilities in developed countries.1 One of the main problems
after stroke is impaired upper limb (UL) function, which strongly affects the ability to perform
activities of daily living (ADL),2 as well as quality of life.3, 4
The time course of functional recovery after stroke is difficult to predict for individual patients
because of substantial inter-individual variability.5 Nevertheless, clinical decision-making
with respect to discharge policies and intervention planning is often based on the expected
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INTRODUCTION

functional improvements within a certain time window post stroke. Considering that most
patients are typically discharged from hospital stroke units to rehabilitation centers or nursing
homes within the first week after stroke onset,6 early prediction about the degree of functional
improvement is becoming increasingly important.
The main focus of stroke rehabilitation, and in particular the work of physiotherapists and
occupational therapists, is on mobility, ADL independency and UL training. For UL training,
we distinguish between patients with severe, moderate and mild impairments based on
prognostic determinants for outcome of dexterity.7 Especially patients with mild to moderate
impairments present an opportunity to optimize the function of the affected arm.7 This group
of patients will probably benefit most from intensive rehabilitation interventions, such as
Constraint Induced Movement Therapy.8-10 Conversely, rehabilitation for patients with severe
UL impairments should focus more on learning compensation- and coping strategies to deal
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with the impairments. To distinguish between these groups already in the first week after stroke,
is therefore essential for clinical decision making and might reduce the economic burden of
stroke by optimally allocating resources. To distinguish patients with favorable or unfavorable
prognosis for recovery, several compuational prediction models (CPMs) for UL outcome have
been developed.5, 11 Recently, we showed for instance that it is possible to accurately predict UL
capacity at 6 months by administering two simple clinical tests, finger extension and shoulder
abduction, within 72 hours post stroke.7 The positive likelihood ratio of this CPM, when applied
within 72 hours was 5.123 (95% CI, 2.945–9.800), whereas the negative likelihood ratio was
0.132 (95% CI, 0.084–0.219) Over the first nine days post stroke the positive likelihood ratio
increased to 5.436 (95% CI, 3.252–9.094) and the negative likelihood ratio decreased to 0.066
(95% CI, 0.030–0.135) This improved accuracy may be related to a complex array of processes
involving several underlying mechanisms, such as restitution of penumbral tissues, elevation
of diaschisis as well as homeostatic, and Hebbian and anti-Hebbian forms of neuroplasticity.12
These processes contribute to the non-linear spontaneous neurological recovery and operate
in different, partly overlapping time-frames.12 As a consequence, the accuracy of a CPM is
heavily dependent on the moment in time when the clinical determinants are assessed.7, 13, 14
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The aim of CPMs is to provide objective estimates of outcome probabilities, in order to
complement clinical intuition, expertise and guidelines. However, most of these models are
seldom implemented in clinical practice, due to a lack of usability. Application of a CPM requires
for instance unambiguous definitions of the predictors and availability of reproducible methods
in clinical practice,15 which is not always the case with for instance sophisticated techniques
such as neuro-imaging and neurophysiologic assessments.15, 16 Further, many CPMs won’t be
implemented easily due to doubts about generalizability. Models may for example be restricted
to a hospital population, a certain age-group or severity of stroke, whereas patients with a
previous history of stroke are often excluded.17 These restrictions increase the precision of the
CPM, however limit its generalizability.18
Current knowledge about processes underlying the forecasting of clinical outcome and
clinical decision making is still limited. Two approaches have been described in the literature
to improve our understanding of decision -making processes, the intuitive approach and the
analytical approach.16 The intuitive approach leans heavily on the experience and insights of
the therapist, who recognizes overall patterns and acts accordingly. The analytical approach
is more scientifically oriented and involves aspects like scrutiny and hypothetico-deductive
reasoning, which is characterized by collecting relevant data and then testing hypotheses.16, 19
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A combination of both approaches is probably used in routine clinical practice.16, 19 In either
approach, it is expected that the accuracy of prediction will improve by observing progress over
time,20 and therefore one may hypothesize that therapists can, like CPMs, make more accurate
predictions regarding recovery after stroke as time progresses.
So far, however, the accuracy of predictions made by physical therapists (PTs) during the first
days at a hospital stroke unit is unknown. Results by Kwakkel and colleagues21 suggest that
predictions about functional outcomes made by physical and occupational therapists in the
second and fifth weeks after stroke onset are within the 95% confidence interval (CI) of CPMs
and hence considered to be equally accurate. As expected, their results showed that therapists
make more accurate predictions of final outcomes at week five after stroke than at week two
after stroke.21 It was also shown that therapists’ predictions of final outcome tended to be too
pessimistic at both points in time.
In view of the early discharge from the hospital, the first aim of the present study was to
determine the accuracy of predictions made by PTs in a hospital stroke unit about UL capacity
at 6 months post stroke. The second aim was to develop a CPM with data of the same group
of patients. The third aim was to compare the accuracy of predictions made by PTs with
predictions made by the CPM. A secondary aim was to investigate the impact of timing post
stroke on the accuracy of prediction made by PTs and by the CPM, by comparing predictions
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stroke unit. Another secondary aim was to investigate the direction of the difference between
predicted and observed outcome. With that, we investigated whether PTs and the CPM tended
to be too pessimistic or too optimistic. Finally, we investigated if the accuracy of PTs’ prediction
was affected by their experience in stroke rehabilitation and their engagement in continuing
education.

Accuracy of therapist predictions

made within 72 hours after stroke onset with predictions made at discharge from the hospital

methods
Design
The EPOS (Early Prediction of functional Outcome after Stroke) study is a prospective cohort
study with a repeated measurements design. Over a period of 36 months, 131 patients with
stroke were recruited from 9 acute hospital stroke units in The Netherlands. Stroke was
defined according to the World Health Organization criteria.22 Patients recruited for the
EPOS study were assessed within 72 hours (T72h) after stroke onset and re-assessed every
3 days until the moment of discharge from the hospital stroke unit (Tdischarge). Finally, all
patients were assessed again at 6 months after stroke onset. Assessments were performed by
trained assessors working as PTs in the hospital stroke units of the participating centers. The
PTs were asked at T72h and Tdischarge to make predictions about UL capacity at 6 months after
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stroke.

Subjects
Patients meeting the following admission criteria were included: (1) a first-ever ischemic
anterior circulation stroke; (2) monoparesis or hemiparesis within the first 72 hours after stroke
onset; (3) no disabling medical history (i.e., a premorbid Barthel Index (BI) score ≥19); (4) at
least 18 years of age; (5) no severe deficits in communication, memory or understanding that
impede proper measurement performance; (6) signed informed consent. Patients in the current
study did not participate in other studies and all patients received usual treatment according
to the Dutch rehabilitation guidelines.23 The study was approved by the ethics committees of
all participating hospitals, and all affiliated rehabilitation centers and nursing homes approved
local feasibility.
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Outcome variable
The outcome in terms of UL capacity at 6 months was assessed with the Action Research Arm
Test (ARAT).24 This one-dimensional hierarchical test consists of 19 functional tasks that
are divided into four domains, i.e., grasp, grip, pinch and gross movement, with a maximum
total score of 57 points. The clinimetric properties of the ARAT are excellent.24, 25 All ARAT
measurements were performed in a standardized manner according to Yozbatiran et al.,26
together with the time limits used in the study by Van der Lee et al.25

PTs’ prediction
The PTs were asked to make a prediction about UL capacity at 6 months in 3 categories: (1) the
patient will not regain any dexterity (<10 points on ARAT); (2) the patient will regain some
dexterity (10–56 points on ARAT) and (3) the patient will regain full recovery and will score
the maximum of 57 points on the ARAT. The cut-off score of 10 points was chosen because
a score of 9 points or lower may reflect only gross arm movements, whereas a score above 9
points always represents some hand function. Patients with more than 10 points on the ARAT
are particularly eligible for rehabilitative therapy. However, from patients’ perspective, there is a
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big difference between 10 points on the ARAT and complete recovery. For this reason, patients
who regained full upper limb recovery were distinguished from patients who regained some
dexterity by adding the third category (57 points). Although this last category appears to be
small, this category represents a large group of patients with normal UL capacity after stroke,
which should be classified separately.
At the time the EPOS study started at the nine acute Hospital Stroke Units in 2006, and during
the 36 months of patient recruitment, PTs were still unaware of the prognostic determinants
(i.e. finger extension and shoulder abduction) that were included in the CPM of UL function,
which was published in 2010.7

Computational Prediction Model
In constructing the CPM, ARAT scores were divided into the same 3 categories as those used
by the therapists to predict outcome (i.e., <10 points, 10–56 points or 57 points).
The following independent variables were selected for the development of the prediction model:
(1) gender; (2) age; (3) hemisphere of stroke; (4) type of stroke (Bamford classification)27; (5)
days between stroke and first assessment; (6) recombinant tissue plasminogen activator (rTPA);
(7) Comorbidity (Cumulative Illness Rating Scale [CIRS])28; (8) visual inattention (National
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(10) hemianopia (NIHSS item 3); (11) sensory loss (NIHSS item 8); (12) urinary incontinence
(BI item 2 30); (13) severity and extent of paresis of the arm and leg according to the upper and
lower extremity parts of the Motricity Index (MI)31 and the Fugl-Meyer (FM) assessment32;
and (14) Sitting Balance (Trunk Control Test [TCT])33 The variables are presented in Table 4.1.
The selection was based on our previous study7 and existing literature.34-37

Accuracy of therapist predictions

Institutes of Health Stroke Scale [NIHSS]29 item 11); (9) deviation conjugee (NIHSS item 2);

Table 4.1 Candidate determinants, measured within 72 hours, associated with the return of some
dexterity at 6 months after stroke, as determined by ordinal logistic regression
Parameter estimates
α-ARAT
Cat 1:
<10 points

α-ARAT
Cat 2:
10–56 points

β-predictor
(underlined
outcome)

Significance
level

Gender (M/F)

-0.905

0.688

0.210

0.516

Age (0<70; 1≥70)

-0.803

0.803

0.421

0.195

Hemisphere of Stroke (L/R)

-0.896

0.700

0.260

0.427

BAMFORD (0:TA/PA; 1:LA)

-1.498

0.158

-0.839

0.012*

Days till assessment (0≤3d; 1≥4d)

-0.795

0.795

0.222

0.813

rTPA (y/n)

-1.172

0.442

-0.572

0.116

CIRS total score (0≥1; 1=0)

-1.492

0.113

-0.562

0.219

Visual inattention (0≥1; 1=0)

-1.645

0.089

-1.236

0.000*

Deviation conjugee (0≥1; 1=0)

-1.800

0.129

-2.055

0.000*

Hemianopia (0≥1; 1=0)

-1.760

0.128

-1.896

0.000*

Sensory loss (0≥1; 1=0)

-1.531

0.114

-797

0.021*

Urinary incontinence (0<1; 1≥1)

-1.891

0.027

-1.897

0.000*

MI shoulder abduction (0=0; 1≥9)

-2.274

0.102

-3.451

0.000*

MI leg (0<25; 1≥25)47

-2.000

0.193

-3.336

0.000*

FM Shoulder elevation (0<1; 1≥1)

-2.100

0.114

-2.995

0.000*

FM Finger extension (0<1; 1≥1)

-3.825

-0.487

-4.156

0.000*

TCT: Sitting balance 0<25; 1=25)

-2.025

0.120

-2.797

0.000*

4

α, threshold value; β, regression coefficient.
The values between the brackets represent the cut-off scores.
BAMFORD:TA, Total Anterior Cerebral Infarction; PA, Partial Anterior Cerebral infarction; LA, Lacunar Anterior
Cerebral Infarction; rTPA, recombinant tissue plasminogen activator; CIRS: Cumulative Illness Rating Scale; MI:
Motricity Index; FM, Fugl-Meyer; TCT: Trunk Control Test.
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Data analysis
PTs’ predictions of final outcome
Accuracy of prediction

Spearman rank correlation coefficients (rs) were used to evaluate the association between
the PTs’ predictions of final outcome on the one hand, and observed outcome after 6 months
on the other. To explore if the accuracy of prediction improves as time progresses, the rs for
prediction at T72h and at Tdischarge were compared.
Direction of the difference between predicted and observed outcome

To test the hypothesis that therapists are too pessimistic in their prediction, like they were in
the study of Kwakkel et al.,21 the Wilcoxon signed-rank test was used to evaluate the direction
of the difference between predicted and observed outcome. A P-value of <0.05 on the Wilxocon
signed-rank test was used to indicate if therapists were more often too pessimistic or too
optimistic in their prediction.
Influence of PTs’ experience in stroke rehabilitation
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The influence of the PTs’ skills was explored using the number of years of experience and the
number of courses attended in the field of stroke rehabilitation as covariates in ordinal logistic
regression analyses. The characteristics that are tested are presented in Table 4.2.
Computational Prediction Model
Development of the CPM

The association between the independent variables measured at T72h and the outcome at 6
months in terms of UL capacity (assessed with the ARAT, i.e., <10 points, 10–56 points or 57
points) was at first investigated using bivariate ordinal logistic regression analysis, using the
following equation: Prob (event j) = 1 / (1+e –(αj-βx)). An example calculation of probabilities
is presented in Box 4.1. Ordinal or ratio-scaled determinants were dichotomized on clinical
grounds or based on the optimal cut-off point in a receiver-operating characteristic curve
(ROC).7 Based on bivariate ordinal logistic regression analysis, significant determinants
assessed at T72h (with liberal P-value of ≤0.10) were selected for the subsequent development
of a multivariate ordinal regression model to predict the outcome in terms of UL capacity at 6
months. Subsequently, the same determinants, together with the dichotomized change scores
on these determinants from T72h to Tdischarge, were used to develop the model for Tdischarge. The
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Example calculation using ordinal logistic regression

Ordinal logistic regression
Ordinal logistic models produce cumulative probabilities, using the following equation:
Prob (event j) = 1 / (1 + exp –(αj-βx)).
Example: probabilities calculated with the parameter estimates for 10–56 points on the ARAT
represent cumulative probabilities for <10 points and 10–56 points. As a consequence, probabilities

Accuracy of therapist predictions

Box 4.1

to score 10–56 points on the ARAT need to be calculated as follows:
probabilities (score <10 points + 10–56 points) - probabilities (score <10 points).
Example based on the parameter estimates for inattention. For this example we assume that
inattention is present (i.e. score 0):
Prob (ARAT <10) = 1 / 1 + exp (1.645–1.236)) = 0.399
Prob (ARAT <10 points or 10–56 point) = 1 / 1 + exp (-0.089–1.236)) = 0.790
Prob ARAT 10–56 points = 0.790–0.399 = 0.391
Prob ARAT <10 points or 10–56 points or 57 points = 1
When inattention is not present (i.e. score 1):
Prob (ARAT <10) = 1 / 1+ exp (1.645)) = 0.162
α, threshold value for each category; β, regression coefficient.
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multivariate ordinal logistic models thus derived were used to calculate probabilities of scoring
<10 points, 10–56 points or 57 points on the ARAT at 6 months.
Accuracy of prediction

Spearman rank correlation coefficients (rs) were used to evaluate the association between the
predictions of final outcome made by the CPM (at T72h and Tdischarge) and the observed outcome
at 6 months. To explore if the accuracy of prediction improves from T72h to Tdischarge, the rs for
predictions at T72h and Tdischarge were compared.
Direction of the difference between predicted and observed outcome

The Wilcoxon signed-rank test was used to determine whether there was a significant difference
between too optimistic and too pessimistic predictions of final outcome.
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Table 4.2

Patient characteristics assessed within 72 hours after stroke

Patient characteristics

Total

N

131

Gender, M/F
Mean (SD) age, years
Hemisphere of stroke, L/R

55/76

rTPA, N/Y

95/36

Mean (SD) time interval (days) between stroke and:
assessment/prediction within 72 h
assessment/prediction at discharge
assessment at 6 months
Length of stay in hospital stroke unit (days)*
Type of stroke (BAMFORD)
LACI
PACI
TACI
NIHSS*

4

66/65
66.4 (13.9)

2.03 (1.20)
10.10 ( 4.36)
188.02 (10.81)
10 (7–12)
57
46
28
8 (4–13)

Cognitive disturbance
Inattention, N/Y
Disorientation, N/Y

70/61
93/38

Impairments of vision
Hemianopia, N/Y
Deviation conjugee, N/Y

89/42
89/42

Sensory loss, N/Y

47/84

TCT (0–100)*

74 (37–100)

MI arm (0–100)*

47 (9–76)

MI leg (0–100)*

53 (32–75)

FM arm (0–66)*

23 (6–52)

FM leg (0–34)*

23 (11–29)

FAC (0–5)*

1 (0–3)

ARAT total score (0–57)*

6 (0–38)

BI total score* (0–20)

8 (3–13)

Characteristics of physical therapists
Number of participating therapists
Years of experience in stroke rehabilitation*
Type of courses in the field of stroke rehabilitation
NDT, N/Y
Dutch course for clinimetrics post stroke, N/Y
Other courses in this field, N/Y

20
24 (23–27)
7/13
8/12
13/7

N, number of patients; M/F, male/female; SD, standard deviation; L/R, left/right; rTPA, recombinant tissue
plasminogen activator; N/Y, no/yes; Type of stroke: LACI, Lacunar Anterior Cerebral Infarction; PACI, Partial Anterior
Cerebral Infarction; TACI, Total Anterior Cerebral Infarction; NIHSS, National Institutes of Health Stroke Scale; TCT,
Trunk Control Test; MI, Motricity Index; FM, Fugl-Meyer; FAC, Functional Ambulation Categories Score; ARAT, Action
Research Arm Test; BI, Barthel Index; NDT: neuro-development treatment. * Median values (interquartile ranges).
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The rs that were calculated to evaluate the accuracy of PTs’ predictions were compared with
the rs that was calculated to evaluate the accuracy of the CPM. This was done for predictions
made at T72h as well as at Tdischarge.
All analyses were two-tailed with a significance level of 0.05 for rejecting the H0 hypothesis,
using SPSS version 17.

Accuracy of therapist predictions

Comparison between the accuracy of PTs’ predictions of final outcome and the CPM

RESULTS
One hundred thirty one patients and 20 therapists were selected for this part of the EPOS
study, in which the accuracy of PTs’ early prediction of upper limb function was investigated.
(Figure 4.1). For these 131, of the 220 included patients, the assessments at T72h and Tdischarge
were performed by the same therapist (N=20 out of 27).
Table 4.2 presents the main patient characteristics, as well as the characteristics of the 20
participating PTs. Assessments at T72h were performed at a mean (SD) of 2.03 (1.20) days
after stroke, and those at Tdischarge at 10.10 (4.36) days. The median ARAT score was 6 points at
T72h. At 6 months, 35 (26.7%) patients had not regained any dexterity, 49 patients (37.4%) had
regained some dexterity and 47 patients (35.9%) regained full recovery.
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PTs’ predictions of final outcome
Tables 4.3a and 4.3b present cross-tabulations of the PTs’ predictions of final outcome and the
observed outcome after 6 months.
Accuracy of prediction

Rs for predicted outcome and achieved outcome after 6 months was 0.63 (P<0.01) at T72h and
0.75 (P<0.01) at Tdischarge.
Direction of the difference between predicted and observed outcome

At T72h, 60% of the PTs made an accurate prediction of the outcome, while 20% were too
optimistic and 20% too pessimistic. At Tdischarge, 72% of the PTs made an accurate prediction of
the outcome, while 18% were too optimistic and 10% too pessimistic. The Wilcoxon signedrank test indicated that there was no significant difference between predictions of final outcome
that were too optimistic or too pessimistic made at T72h (P=0.89) or Tdischarge (P=0.14).
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Figure 1: Flow-chart for inclusion
Patients with stroke,
admitted to one of the
9 HSUs over a period of
36 months.
N=3632

Patients included
in EPOS.
N=264
PTs participating
in EPOS.
N=27

Patients admitted, but excluded for not
meeting the inclusion criteria.
N=3368
Haemorrhage: 17%
No anterior circulation stroke: 13%
Recurrent stroke: 16%
Admitted to HSU >72h post stroke: 6%
No pareses: 20%
Unable to follow instructions: 10%
Premorbid Barthel Index <19 points: 5%
Other medical problems: 5%
Others: 8%
Drop-outs: N=44

Patients with
complete data.
N=220

Death: N=25
Recurrent stroke: N=5
Refusal of assessment at 6 months: N=3
Lost to follow-up: N=6
Comorbidities: N=2
Incomplete data on FM: N=3

Patients whose
outcome was
predicted at T72h
and at TDischarge.
N=131

4

PTs that made
predictions at T72h
and at TDischarge.
N=20

Figure 4.1

Flow-chart for inclusion.

Influence
of PTs’ experience in stroke rehabilitation
HSU: Hospital Stroke Unit; PT: physical therapist.

The PTs’ ability to predict the outcome was not influenced by their level of skill, expressed in
years of experience in stroke rehabilitation, or the number of relevant courses attended.
Computational Prediction Model
Development of the CPM

As shown in Table 4.1 bivariate ordinal logistic regression analysis showed that 11 candidate
determinants were significantly related to UL capacity at 6 months post stroke (P<0.10):
Type of stroke [Bamford classification]; visual inattention [NIHSS, item 11]; deviation con
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Cross-tabulation for PTs’ predictions at T72h and final outcome
Final outcome

Prediction <72 h

<10

10–56

57

<10

24

4

0

10–56

11

30

23

57

0

15

24

The bold numbers represent the correct predictions.

Table 4.3b

Accuracy of therapist predictions

Table 4.3a

Cross-tabulation for PTs’ predictions at Tdischarge and final outcome
Final outcome

Prediction discharge

<10

10–56

57

<10

26

1

0

10–56

9

34

13

57

0

14

34

The bold numbers represent the correct predictions.

Table 4.3c

4

Cross-tabulation for predictions by the CPM at T72h and final outcome
Final outcome

Prediction <72 h

<10

10–56

57

<10

26

7

0

10–56

8

15

3

57

1

27

44

The bold numbers represent the correct predictions.

Table 4.3d

Cross-tabulation for prediction by the CPM at Tdischarge and final outcome
Final outcome

Prediction discharge

<10

10–56

57

<10

30

5

1

10–56

4

17

2

57

1

27

44

The bold numbers represent the correct predictions.

65

Chapter 4

Accuracy of therapist predictions
jugee [NIHSS, item 2]; hemianopia [NIHSS, item 3]; sensory loss [NIHSS item 8]; urinary
incontinence [BI]; shoulder abduction [item from MI]; strength of the paretic leg [MI-Leg];
shoulder elevation [item from FM]; finger extension [item from FM]); sitting balance [TCT].
For deriving the multivariate model, first, we included all significant candidate predictors
in an ordinal logistic regression model. Multivariate modelling resulted in finger extension
and shoulder abduction as the remaining significant determinants in the final model. Finger
extension was measured with an item of the FM-hand score (i.e. extension of the fingers),
using an optimal cut-off of 1 point. Shoulder abduction was measured with an item of the
MI-arm score (i.e. shoulder abduction) with an optimal cut-off of 9 points. The model at
Tdischarge also included the dichotomized change scores on these determinants from T72h until
Tdischarge, using the same cut-off points. Table 4.4 shows the probabilities based on the ordinal
logistic regression models. The probability to score 10–56 points on the ARAT at 6 months
is for instance estimated at 0.23 for those patients who are not able to show some voluntary
finger extension and some shoulder abduction at T72h. When those patients improve from T72h
to Tdischarge, so that they show some voluntary finger extension and some shoulder abduction
at Tdischarge, their probability to score 10–56 points at 6 months increases from 0.23 to 0.74 at
Tdischarge.

4

Accuracy of prediction with CPM

Tables 4.3c and 4.3d present cross-tabulations of the CPMs’ predictions of final outcome and
the observed outcome after 6 months. Rs between predicted outcome and observed outcome
after 6 months were rs=0.75 (P<0.01) at T72h and rs=0.76 (P<0.01) at Tdischarge.
Direction of the difference between predicted and observed outcome with CPM

At T72h , 65% of the predictions determined with the CPM were correct, 27% were too optimistic
and 8% were too pessimistic. At Tdischarge, 70% of the predictions were correct, 24% were too
optimistic and 6% were too pessimistic. The Wilcoxon signed rank test indicated that CPMs’
predictions were significantly more often too optimistic than too pessimistic at both points
in time (P<0.01).
Comparison between the accuracy of PTs’ predictions of final outcome and the CPM
At T72h, rs for the prediction of final outcome made by PTs (rs=0.63) was lower than that for
the predictions made by the CPM (rs=0.75). At Tdischarge the rs for the PTs’ predictions (rs=0.75)
and the predictions made by the CPM (rs=0.76) were approximately equal.
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+
+
-

Shoulder Abduction

+
+
+
-

Shoulder Abduction
<72 hours
n.a
n.a
n.a
+
+
+
-

Improvement in
Finger Extension
<72 h – Discharge

0–9
0.02
0.01
0.10
0.18
0.51
0.11
0.66
0.36
0.90

n.a
+
n.a
n.a
+
+
-

0.36
0.24
0.74
0.73
0.47
0.74
0.33
0.60
0.10

10–56

0.36
0.69
0.61
0.23

0.02
0.10
0.34
0.77

Improvement in
Shoulder Abduction
<72 h – Discharge

10–56

0–9

Parameter estimates:
Cat 1:-8.616; Cat 2:-4.788; FE(0):-4.355: SA (0):-2.172; Improvement FE(0):-1.533; Improvement SA(0):-2.755

+
+
+
-

Finger Extension
<72 hours

Parameter estimates:
Cat 1:-4.021; Cat 2:-0.506; FE(0):-3.342: SA(0):-1.863

+
+
-

Finger Extension

FE, Finger Extension; SA, Shoulder Abduction; n.a., not applicable.

Moment of Discharge

<72 hours

Model

CPMs probabilities of scoring 0–9 / 10–56 / 57 on the Action Research Arm test at 6 months post stroke

0.62
0.75
0.16
0.09
0.02
0.15
0.01
0.04
0.00

57

0.62
0.20
0.06
0.01

57
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DISCUSSION
The present study suggests that the accuracy of predictions of final outcome in terms of UL
capacity made by PTs within 72 hours after stroke is lower than that of the CPM. The CPM was
based on the presence of finger extension and shoulder abduction as prognostic determinants.7
The accuracy of prediction at the moment of discharge was, however, similar for PTs and the
CPM.
The present results are in line with a previous study by Kwakkel et al.,21 which also suggested that
predictions made by therapists at two and five weeks after stroke are equally accurate as those
by CPMs. However, in that specific study, therapists’ predictions of outcome tended to be too
pessimistic, whereas the results of the present study indicated that therapists’ predictions tended
to be too optimistic. This may be due to differences in the patient population studied. Patients
included in our cohort can be classified as having mild to moderate stroke, whereas patients in
the study by Kwakkel et al.21 were on average severely or very severely affected at stroke onset.
The discrepancy in findings may also result from differences in the timing of measurements
after stroke. Therapists may have high expectations of (spontaneous) neurological recovery
during the first days after stroke, in which rehabilitation still focuses on restoring function.
Conversely, the data from Kwakkel et al.21 suggest that therapists are more pessimistic in their

4

expectations about recovery at a later stage, in which rehabilitation probably focuses more on
the activity or participation level.
Interestingly, the present study suggests that the number of years of experience in treating
patients who have had a stroke, and attending specific courses in the field of stroke rehabilitation,
does not affect the accuracy of prediction about UL outcome. In line with this, Wainwright et
al.38 suggested that novel PTs (<1 year experience) and experienced PTs (>8 year of experience)
often make similar clinical decisions, though they seem to use different thought processes,
reflective of their levels of experience, to arrive at their decisions.38 However, the median
(interquartile range) for years of experience of the therapists in the current study was 24
(23–27). This relatively high level of experience might explain our finding that the factor ‘years
of experience’ does not influence the accuracy of prediction
Although the knowledge about therapists’ thoughts underlying the predictions they make
is still very speculative, it is likely that the PTs in the current study largely made use of an
intuitive approach, since they were unable to make use of the previously published CPM.7 The
question remains therefore whether the accuracy of their predictions can be further improved
by incorporating knowledge obtained from validated CPMs as well. It is plausible that the
use of a prediction model might complement therapist intuition, and improve the accuracy
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scientific information in making decisions in order to reduce the level of uncertainty with
which they are confronted.38 Future studies are needed to cross-validate our derived CPM to
test for generalizability. Subsequently, impact studies are needed to quantify whether the use of
these algorithms in routine practice improves decision making and, ultimately, may improve
patient outcomes and reduce costs of care.15, 39
The increased accuracy of PTs’ predictions of final outcome at discharge in the current study
suggests that familiarity with patients’ actual performance and the observed time-dependent

Accuracy of therapist predictions

of prediction. This could be particularly true for novice therapists, who often make use of

recovery in the first days may contribute to a better appraisal of functional outcome of the
upper paretic limb at 6 months post stroke. However, although the computational model for
the moment of discharge also takes into account the observed performance and improvement
on clinical prognostic determinants, its accuracy did not improve significantly over time.
This finding probably reflects the difficulty of capturing non-linear, time-dependent changes
in a regression model. The improvement in PTs’ predictions about the outcome at 6 months
between 72 hours and the moment of discharge might also be explained by a better view on
non-assessed outcomes such as mood and motivation to train.
Finally, the current study focused on prediction of UL capacity. It is likely that therapists are
less accurate in predicting outcome in terms of ADL18, 40 or walking ability.14, 40 The potential for
upper limb recovery largely depends on the intactness of at least some fibers of the corticospinal
tract system originating in the affected hemisphere.41 As a consequence, relatively speaking,

4

upper limb recovery may be easier to predict in the first weeks post stroke. Regarding ADL and
walking ability, which can also improve as a result of the use of compensation strategies, such
as alternative movement patterns or the use of environmental adaptations, accurate prediction
of recovery may be much more difficult.
A limitation of the current study was that the PTs who made the predictions also administered
the extensive EPOS test battery within 72 hours after stroke onset, as well as every 3 days
until the moment of discharge from the hospital stroke unit. Administering such an extended
test battery is not common practice in hospital stroke units. Second, although the therapists
had no knowledge of the previously published CPM,7 several courses and conferences in The
Netherlands in the last few years have emphasized that early return of synergism42 and wrist
and finger extension43 are important indicators of favorable UL recovery. As a consequence,
the PTs were probably well aware of the predictability of UL capacity. Hence, it is possible that
the accuracy of the PTs’ predictions was influenced by this information.
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Finally, we must be aware that CPMs are developed on group data. However, there are substantial
inter-individual differences in recovery patterns. As a consequence, it is a challenge to make
accurate predictions for individuals, based on group data. Therefore, future studies should aim to
develop models in which data on performance of individual patients can be applied, combined
with data from new observations when these data become available.44 Since non-linearity can
be modelled when applying such models, more customized CPMs can be created in the future.
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