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Objective: To develop a standardized, clinically relevant, quantitative
assessment of somatosensory performance in patients with stroke.
Design: Prospective observational study and test evaluation.

Setting: Local Oxford hospitals and a regional neurological rehabilitation

centre.

Subjects: Stroke patients with a first, lateralized acute stroke in hospital, and

age-matched control subjects.

Method: Each patient was assessed in a structured way using a new battery

of formal tests of somatosensory performance.

Results: A total of 100 patients and 50 controls were fully investigated.
Control subjects performed at or near ceiling on all tests, but patients
showed impaired performance on all tests. The Rivermead Assessment of
Somatosensory Performance (RASP) showed good intra-rater and inter-rater
reliability for all subtests. There were however only weak relationships
between scores of sensory impairment and scores of motor impairment or

mobility and dependence.

Conclusions: The RASP provides a practical and reliable assessment of
sensory loss, which provides the clinician with a comprehensive picture of the
patient’s performance and can be used to inform and monitor rehabilitation

and recovery.

Introduction

Somatosensory assessment after stroke is often
neglected, despite the fact that impairments of
tactile and proprioceptive discrimination are
found in over 50% of stroke patients.! Moreover,
somatosensory impairments have a significant
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influence on everyday activities and rehabilita-
tion outcome.>* Patients with both sensory and
motor loss show a worse prognosis than patients
with motor loss only.’ Accurate and reliable diag-
nostic instruments may help in establishing the
effectiveness of clinical treatments.

A recent survey of practising clinicians in the
UK’ found that over 80% routinely performed
somatosensory assessment as part of their clini-
cal assessment after stroke. The survey also con-
firmed that there was no single, generally
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accepted, standardized measure that was clini-
cally applicable and capable of providing reliable
and normative data over a range of submodali-
ties. Furthermore, a comprehensive review by
Carey! found that systematic investigations of
sensory impairment following central nervous
system lesions were often limited and largely sub-
jective. Not surprisingly, many of the standard
medical texts consider clinical testing procedures
difficult to implement, tedious and unreliable,
particularly when perceptual, comprehension and
language problems coexist.

Although a few quantitative measures have
been developed®’ these have been for the most
part functionally orientated with few controlled
or quantifiable tests of the underlying somatosen-
sory impairment.! Poor reliability has been iden-
tified as the main problem in those few studies
that have formalized the assessment of
somatosensory impairment.'®'> One reason for
the low reliability may be the use of several dif-
ferent ad hoc, unquantifiable instruments, e.g.
light touch tested using either cotton wool, the
examiner’s finger-tip or a feather, and the
absence of a simple standardized procedure.

This study investigated the reliability and
validity of a new clinically orientated test, the
Rivermead Assessment of Somatosensory Per-
formance (RASP).

Methods

The Rivermead Assessment of Somatosensory
Performance (RASP) was designed to be a stan-
dardized test capable of providing a brief, quan-
tifiable, modular and yet reliable assessment of
somatosensory functioning that could be used
in patients with a variety of different neurologi-
cal disorders. Seven tests of sensation were
chosen, covering the traditional range of
somaesthetic modalities and major body parts
(e.g. head, hands and foot). These were selected
on the basis that (a) their established face
validity (i.e. existing versions that had been in
widespread clinical use for over a century),
(b) they covered areas traditionally considered
important in routine neurological assessment,
and (c) it was possible to provide a user-friendly
standardization.

The seven tests can be divided into five pri-
mary (sharp/dull discrimination, surface pressure
touch, surface localization, temperature discrim-
ination, movement and direction propriocep-
tion), and two secondary (extinction and two
point discrimination) tests of sensation. In addi-
tion to a detailed standardized procedure, cus-
tomized clinical instruments were developed to
increase examiner reliability.

Description of new instruments
Three custom-designed quantifiable pieces of
equipment were developed:

e Neurometer This pen-shaped instrument is
used to test: (a) Sharp/dull discrimination, (b)
Surface pressure touch, (c) Surface localiza-
tion, and (d) Extinction. It has two distinct
parts (Figure 1): a top half used for testing
sharp/dull discrimination, and a lower half
used for measuring surface pressure touch,
surface localization and extinction.

e Neurotemp These are two paddle-shaped
instruments with coloured plastic handles
(one blue and one red) encasing copper discs
used to provide a reliable discrimination
between designated temperatures (cold =
6-10°C; hot = 44-49°C). The handles contain
LCD (liquid crystal display) readout temper-
ature displays (Figure 2).

e Two-point neurodiscriminator This is a
four-pointed fixed distance discriminator
(Figure 3) used to establish the extent of two-
point discrimination on the finger pads. The
three fixed distances are 3, 4 and 5 mm,
together with a single point (Figure 3).

Brief descriptions of tests

All tests are administered with the subject’s
eyes closed. For the RASP, six trials are admin-
istered on each of 10 test regions. The 10 test
regions (5 left and 5 right) represent areas on the
face, hand and foot. The examination always
moves from the unaffected side to the affected
side. Just before each stimulus is given, the
patient is asked what they feel. The patient is
encouraged to only indicate what they feel and
not to worry if they are unable to feel all the tri-
als. This makes it clear to the patient that a stim-
ulus is about to be presented, decreasing the
element of surprise. For two of the tests ‘sham’
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Neurometer. This has two distinct parts: a top half used for testing sharp/dull discrimination and a lower

half used for measuring surface pressure touch, surface localization and extinction. To prepare for testing sharp/dull
discrimination, two Neurometers are required, each loaded with a Neurotip in the special carrier located at the end

of the instrument.
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Figure 2 Neurotemp. This comprises two paddle-shaped instruments with plastic handles (one blue
and one red) encasing copper discs. The handles contain linear LCD readout temperature displays. The
drawing here shows a cold neurotemp. A similar but different instrument is used for determining hot
temperatures. Each temperature display provides a specific range. The blue or cold Neurotemp reads
temperatures from 6°C to 10°C; the red or warm Neurotemp reads temperatures from 44°C to 49°C,
thus ensuring a minimum temperature range difference between the two Neurotemps of 34 and 43

degrees.
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Subject samples

One hundred patients who had a stroke were
used to standardize the complete battery. Fifty
had left-sided lesions (right hemiplegia) and 50
had right-sided lesions (left hemiplegia).

Patients were recruited from three local
Oxford hospitals (Rivermead Rehabilitation
Centre, the Radcliffe Infirmary, the John Rad-
cliffe Hospital) and Stoke Mandeville Hospital
(in Aylesbury). Four hundred and sixty-five
stroke patients were screened. Only patients with
a diagnosis of first-ever unilateral stroke were
tested in the development of the standardized
version of the RASP. Patients were excluded if
there was evidence of bilateral signs, they were
unable or unwilling to participate, they had
severe visual or hearing impairment, cognitive
impairments and demonstrable comprehension
difficulties, or they had a past medical history of
another neurological condition or previous
stroke. For the purposes of this paper, only
performance related to the affected side is
reported.

A control group of 50 non-brain-damaged sub-
jects was also tested to obtain normative data and
empirically establish impairment cut-off scores.
These were recruited from several sources,
including hospital employees and volunteers
from the local community. Table 1 provides basic
demographic details for these patients and the
reference control group. The groups did not dif-
fer significantly with respect to age or time post
onset.

The performance of the control group was
used to establish normal performance for each of
the seven subsets (Table 2). A subject was con-
sidered to show impairment on any of the tasks
if they exceed the cut-off of two standard devia-
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tions from the respective mean, derived from
normal performance.

Test-retest, intra-rater reliability was estab-
lished by a single therapist assessing 12 patients
on two separate occasions with an average inter-
val of 30 days. Inter-rater reliability was estab-
lished by comparing performance of 15 different
patients scored independently but sequentially by
two different raters and the original research
therapist (CW). Assessments were approximately
one week apart and the order of assessment was
counter-balanced.

In addition all patients had their motor loss
and functional performance measured using the
Motricity Index,'* Rivermead Motor Assessment
(RMA)® and Barthel Activities of Daily Living
Index.!'s This data was used to investigate valid-
ity of the RASP: we anticipated that greater sen-
sory loss would be associated with greater motor
impairment and greater dependence. This was
investigated using correlation coefficients.

Results

The performance of the control subjects is shown
in Table 2, where the cut-off scores defining ‘nor-
mal’ are shown. Control subjects performed at or
about ceiling on most tests and there was no sig-
nificant difference between performance on the
left and right sides of the body. Normal perfor-
mance in discriminating sharp from dull was the
test that showed the greatest number scoring
below maximum.

Patient performance was significantly worse
than controls on every test (Mann—Whitney, p <
0.001). The mean scores for the respective groups
are shown in Table 3. The frequency of patient

Table 1 Patient and reference control group demographic details
Left brain damage Right brain damage Controls
No. of patients 50 50 50
Time post onset 6.1 weeks 4.7 weeks -
(mean, SD and range) (8.6) (5.4)
(0.2-35.5) (0.2-26)
Age (mean, SD and range) 64.2 (15.6) 64.0 (15.4) 60.0 (12.7)
23-96 35-86 24-80
Sex ratio (M:F) 27:23 26:24 21:29
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perature (0.84); proprioceptive movement (0.83);
proprioceptive direction (0.50). This confirms
that the RASP and its individual subtests showed
good retest reliability.

Inter-rater reliability

The Pearson correlation coefficient for the
scores between the research therapist and two
independent raters for the total score on the five
primary subtests (with an interval of no more
than 5 days) was 0.92.

The range of disagreement between separate
assessments done by the same rater and different
raters is shown in Figure 4 which is a Bland and
Altman plot of the difference in total
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there is no statistically significant consistent bias
(confirmed on comparing the mean scores by t-
test).

Patient reliability

Subjects are sometimes assumed to be ‘unreli-
able’ in reporting sensation, and hence sham tests
were introduced to assess this phenomenon.
Sham tests also help maintain the patient’s inter-
est.!” In designing the RASP, we attempted to
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control for subject unreliability by employing six
trials per test region for each of the seven objec-
tive subtests. Although multiple assessments may
help reduce the danger of an unrepresentative
trial, standardized tests per se cannot prevent
unreliable performance in a patient. It is, how-
ever, possible to identify and exclude those
patients whose performance might be considered
affected by ‘suggestibility’, fatigue and mental
confusion. One can ‘control’ for such effects by

Table 3 Performance of patient groups and numbers below impairment cut-off for affected side

Right brain Below Left brain Below
damage cut-off damage cut-off
(left hemi) (n, %) (right hemi) (n, %)
Max Mean (SD) Mean (SD)
RASP subtests score Range Range
Sharp/dull 30 17 (8.2) 19.7 (6.3) 25/46
0-30 (n =50) 33/50 3-30 (n = 46) 54 %
66 %
Surface pressure touch 30 21.2 (9.2) 37/50 23.2 (8.0) 28/50
0-30 (n =50) 74% 2-30 (n = 50) 56 %
Surface localization 30 21.7 (11.1) 24/50, 23.9 (10.0) 17/50,
0-30 (n =50) 48% 0-30 (n = 50) 34%
Temperature 30 20 (7.7) 30/45, 22.4 (6.2) 27/45,
0-30 (n = 45) 67% 0-30 (n = 44) 60%
Proprioceptive movement 30 23.9 (9.2) 21/49, 24.3 (8.1) 23/47,
0-30 (n=49) 44% 0-30 (n = 47) 49%
Proprioceptive direction 30 21.5 (10.0) 27749, 21.8 (9.3) 23/47,
0-30 (n =50) 55% 0-30 (n = 50) 49%
Sensory extinction 12 Face Hand Face Hand
(2x6)
Number of patients with n=44 n=38 n=48 n=42
Normal (6) 28 24 48 32
Mild (4/5) 7 4 4 3
Moderate (2/3) 2 0 1 2
Severe (0/1) 7 10 2 5
Two-point discrimination
(index finger)
3mm 0 1
4 mm I 7
5mm 2 10
Outside limits 19 10
Untestable 18 22
Total score (6 tests) 180
Mean (SD) 122.4 (40.7) 128.3 (33.8)
Median 130.5 141.5
Range 19-175 27-174
Percentiles

5%, 25%, 75%, 95%

44,103,155,168

60,110,151,166
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or equal to 2 false positive replies = normal; 3-5
false positives = mild; 6-8 = moderate and 8-10 =
severe.

In the clinical patient group of 465 patients
who were initially screened fr study, seven
patients were specifically excluded because they
priduced false
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many of which have been in clinical use for over
a century. Furthermore the performance on the
subtests were closely correlated (Table 4) sug-
gesting that the battery was measuring a range of
related phenomena.

Nevertheless, it was important to establish that
performance on the RASP subtests discriminated
significantly between brain-damaged patients and
age-matched controls. Control performance was
therefore compared directly with that of both left
and right brain damaged groups. Using the
Mann-Whitney test, patient groups were signifi-
cantly (p <0.001) worse than age-matched control
subjects on all tests.

We anticipated that patients with sensory loss
would have more severe motor impairment, and
so calculated the Spearman correlation coeffi-
cients between the Motricity Index scores and
RASP item scores. The coefficients were non-
significant for sharp/dull r = 0.08, surface pressure
touch r =0.14, surface localization »=0.21, and
temperature discrimination 7 = 0.08; but for pro-
prioception movement (r = 0.31) and propriocep-
tion direction (r=0.36) they were significant at
the 0.01 level.

We also anticipated those patients with sensory
loss would score lower on the Rivermead Mobil-
ity Index (RMI). The Spearman correlation coef-
ficients between different item scored and the
Rivermead Motor Assessment (RMA) were
again low and nonsignificant for: sharp/dull dis-
crimination (r = 0.23), surface pressure touch (r =
0.21), surface localization (r = 0.25), temperature
discrimination (r=0.05), and proprioception
movement (r=0.25); but it was significant for
proprioception direction (r = 0.32.).

Lastly, we anticipated that patients with sen-
sory loss would be more dependent, but again the
Spearman correlation coefficients on the RASP
item scores and the Barthel ADL Index score
were similarly low and not statistically significant.
Sharp/dull discrimination (r = 0.27), surface pres-
sure touch (r=0.27), surface localization (r=
0.31), temperature discrimination (r = 0.09); but
again proprioception measures were statistically
significant: proprioception movement (r=0.35)
and proprioception direction (r =0.41). That
said, these significant correlations only explain a
small percentage of the total variance.

531

Clinical messages

e Sensory assessment after stroke can be
made reliable by standardizing the process.

¢ Using specially developed test instruments
may also help.

e Preliminary studies show the Rivermead
Assessment of Somatosensory Performance
(RASP) to be reliable.

Discussion

This study reports data on the reliability of a new
standardized method for assessing the presence
of sensory impairment shortly after stroke and
also for measuring the severity and extent of any
loss found. It finds reasonable reliability. Evi-
dence on validity and sensitivity and on utility
will need to be accumulated by others.

This study has some weaknesses. The patient
population studied necessarily excluded patients
who could not co-operate. It is therefore a
selected group. However clinical assessment will
always be restricted to patients who can co-oper-
ate. In other ways, the group was representative
of those seen normally, in that they were seen
within a few weeks of stroke rather than many
months later.

Second, most of the data were collected by one
individual with experience of and interest in sen-
sory assessment using this procedure. Although
the procedure was used by two other therapists,
further studies will be needed to investigate reli-
ability in normal clinical use.

Third, this study does not investigate whether
all tests are necessary, or whether some are
redundant. The high intercorrelation between
individual test scores (Table 4) suggests that
there might be scope for test reduction.

Fourth, the validity of any clinical sensory
assessment is difficult to establish because per-
ception of sensory stimulation by a patient is ulti-
mately a subjective phenomenon. We did not
compare the RASP with any electrophysiological
measure such as somatosensory evoked poten-
tials because it would be difficult both practically
and ethically to carry this out in a large number
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of patients. There is no clinical (i.e. behavioural)
‘gold standard’ test for measuring sensation.
Furthermore although somatosensory evoked
potentials may demonstrate intact conductivity
between peripheral receptors and cortical brain
areas they are unable to indicate the patient’s
phenomenological experience or awareness to
stimulation.

However, we believe that the RASP is valid.
Face validity is obvious and the procedure tests
sensory modalities that have been around for
many years. The specific feature of the RASP is
the standardization of the process of assessment
and the development of customized test instru-
ments. The weak relationship between sensory
loss and motor loss or disability is surprising, but
does not itself invalidate the procedure as there
is little evidence on the relationship between sen-
sory loss and motor loss. The validity of summing
scores across items (sensory modalities) or body
parts will need further investigation.

Fifth, although the sample sizes employed are
comparatively small, reliability was established
for one expert assessor, and good levels of inter-
rater reliability were also determined. The prob-
lem of achieving reliability for somatosensory
assessment was documented by Lincoln et al.'! in
developing the Nottingham Sensory Assessment
(NSA) on a select group of patients admitted to
a stroke rehabilitation unit. Their study found
that while intra-rater reliability was good, inter-
rater reliability was poor. In an attempt to
address this weakness, Lincoln and colleagues!?
shortened the previous version of the NSA and
re-evaluated the inter-rater reliability on 27
stroke patients 3—4 days apart. Despite two expe-
rienced research therapists familiar with the
shorter version of the NSA, Kappa coefficients
showed only acceptable agreement on 14% of
test items.

Nonetheless, we believe that the RASP pro-
vides a practical and standardized instrument
that addresses many of the established weak-
nesses of clinical testing reported in the past. The
RASP score considers both the detection and
extent of specific sensory impairments when com-
pared with the performance of age-matched con-
trols and provides a comprehensive picture of the
patient’s strengths and weaknesses. From a prac-
tical point of view, the test takes between 20 and

30 minutes to complete, and covers a represen-
tative range of body areas and sensory tests.
Although the test employs newly designed instru-
ments, all the subtests originate from established
clinical practice and most have been used in a
variety of unstandardized formats in medicine
for well over a century. A reliable and sensitive
diagnosis of somatosensory loss such as the
RASP may help to establish the effectiveness of
clinical treatments, and may explain why
patients’ neurological disabilities are not really
detected by conventional neurological examina-
tions.
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