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Sensory Loss in Stroke Patients: Effective Training of Tactile and 
Proprioceptive Discrimination 

Leeanne M. Carey, BAppSc(OT), Thomas A. Matyas, PhD, Linda E. Oke, MAppSc 

ABSTRACT. Carey LM, Matyas TA, Oke LE. Sensory loss in stroke patients: effective training of tactile and proprio- 
ceptive discrimination. Arch Phys Med Rehabil 1993;74:602-611. 
l Although somatosensory loss following stroke is common, with negative consequences for functional outcome, studies 
of existing somatosensory retraining programs are limited by theoretical weaknesses, poor methodology, and negative 
findings. We, therefore, developed a new program for stroke patients and investigated its effect on tactile discrimination 
in four AB, single-case quasi-experiments and its effect on tactile and proprioceptive discrimination in four multiple- 
baseline experiments. Training involved specific, graded discrimination tasks, attentive exploration of stimuli with vision 
occluded, deliberate anticipation, and quantitative feedback. Graphic and statistical interrupted time-series analyses 
indicated that treatment produced improvements in seven of eight tactile time series and all four proprioceptive time 
series. Baseline improvement in one tactile time series prevented unequivocal evaluation of treatment effect. Improve- 
ments were clinically significant, discrimination in the affected hand becoming comparable to the other hand and normal 
performance. Therapeutic effects were maintained at 3-month to S-month follow-up tests. 
(c’m 1993 by the American Congress of Rehabilitation Medicine and the American .4cademy of Physical Medicine and 
Rehabilitation 

Loss of protective, proprioceptive, and touch sensations 
following stroke is common, occurring in up to 65% of pa- 
tients.’ The type and degree of sensory loss varies and is 
usually incomplete. Impairment of pain, temperature and 
touch detection occurs. More commonly, marked deficits 
occur in discrimination and interpretation of sensory expe- 
riences, such as passive movement recognition, texture dis- 
crimination, and stereognosis.2s3 These sensory impair- 
ments impact on ability to identify sensory features of 
objects through touch and explore the environment. Fur- 
thermore they have detrimental effects on safetyT4 sexual 
and leisure activities,5 spontaneous use of hands,‘j,? ability 
to sustain an appropriate level of force during grasp without 
vision,6 object manipulation,’ and influence the reacquisi- 
tion of skilled movements.9%‘0 It has been suggested that a 
learned nonuse phenomenon, occuring with sensory loss, 
leads to further deterioration of motor abilities.7 Hemisen- 
sol-y loss,’ l-l6 as well as loss of more complex perceptual 
functions,“.‘3,17 was found to be a factor contributing to 
inferior results in level of function and longer rehabilitation 
in several studies. 

However, there are indications of potential for recovery. 
Although scientific data on recovery of human somatosen- 
sation is lacking, potential for improvement has been noted 
in descriptive accounts. “.” Furthermore, controlled stud- 
ies with experimentally lesioned primates show that exten- 
sive training of proprioception, vibration. light touch, and 
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two-point discrimination abilities results in recovery of 
most fine discriminatory abilities.‘9~‘0 and reorganization of 
the somatosensory cortex can occur, which may compen- 
sate for impaired sensory function.” Plasticity of the so- 
matosensory system has also been highlighted in studies on 
intact animals.‘2 

Despite the prevalence of sensory loss and its impact on 
quality of life, there are only a limited number of docu- 
mented sensory retraining programs. Vinograd, Taylor, 
and Grossman23 described a program of repeated manipula- 
tion of objects using three-dimensional (3D) feedback from 
a box lined with mirrors. Van Deusen FOX~~ proposed a 
different approach, comprising 5 minutes of pressure and 
cutaneous stimulation to the forearm, hand, and fingers. 
De Jersey” suggested using “bombardment” with multiple 
sensory stimuli, such as ice and vibration. Neither Vino- 
grad and coworkersZ3 nor De Jersey” investigated their pro- 
grams in a controlled manner. Only one study24 has used 
experimental controls, and it found no statistically signifi- 
cant changes in stereognosis and graphaesthesia. In addi- 
tion to lack of control in two of the three studies, their 
theoretical bases can be criticized. For example. Vinograd’s 
program used 3D feedback from mirrors. which seems to 
introduce significant encoding complexities. In De Jersey’s 
program bombardment with sensory stimuli is passive and 
may increase confusion about what is felt.26 Similarly, ap- 
plication of pressure and cutaneous stimulation in Van 
Deusen Fox’s program was mostly passive. In contrast to 
these three approaches, current theories ofperceptual learn- 
ing and recovery of function in people with brain damage 
recommend that meaningful and graded stimuli, active par- 
ticipation, and accurate feedback should be used.“7-‘9 

More recently Dannenbaum and Dykes’ proposed a pro- 
gram of sensory re-education of the hand based upon pro- 
posed rules governing cortical reorganization after trauma. 
Stimulation of important sensory surfaces at an intensity 
sufficient for appreciation and in a task structured to moti- 
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vate patients was proposed. This training targeted detection jects presenting during the period of study who passed the 
in patients with severe deficits. Dannenbaum and Dykes selection criteria and agreed to participate were included. 
presented a descriptive case study that suggested some re- This study was approved by LaTrobe Ilniversity Ethics 
covery of sensation and manipulative functions. However, Committee, by ethics committees of participating hospitals 
there was no controlled evidence for improved function and conforms to the guidelines of the National Health and 
due to training. Dannenbaum and Dyke’s program repre- Medical Research Council on human experimentation. 
sents a theoretical advance from a neurophysiological per- One subject who did not appear to have neglect by clinical 
spective. However. it only made minimal reference to observation, did however demonstrate neglect on neuropsy- 
current theories of perceptual learning and was concerned chological assessment conducted at a later data. Table I 
more with detection than discrimination. outlines subject characteristics. 

Apparatus 
Thus studies suggesting potential improvement of sen- 

sory abilities7.23.2’ have lacked control. The only study with 
a controlled designZ4 developed its program without using 
current theories of perceptual learning and neurophysiol- 
ogy and failed to obtain a therapeutic effect. We, therefore. 
developed a program using current theory and tested it in 
two series of single-case quasi-experiments and controlled 
experiments3” The first series (Study 1) was conducted to 
investigate the potential for training texture discrimination 
and to allow for development of the retraining program. 
The potential for retraining eventually revealed by this se- 
ries justified conduct of a more difficult, but better con- 
trolled. series of four single case experiments (Study 2) that 
used multiple baseline designs3’ and permitted investiga- 
tion of a second discrimination ability, limb position sense. 

The Tactile Discrimination Test used finely graded plas- 
tic surfaces marked by ridges at set spatial periods (fig 1). 
Surfaces were originally developed in neurophysiological 
studies with monkeys43,44 and psychophysiological studies 
with humans.j’ The measure has face validity because se- 
ries of ridges and grooves are encountered in naturally oc- 
curing surfaces. However, a wider range of surfaces was 
required for use with stroke patients. Fourteen surfaces 
with spatial periods ranging from 1,500pm to 3,OOOpm. the 
latter representing the largest spatial period that might still 
be considered a texture, were produced. The ridge to groove 
ratio was constant. Differences in spatial period of surfaces 
ranged from 50pm to 1.500c~m. 

Sensory retraining with stroke patients is a relatively new 
area of investigation. Consequently, a sequential approach 
to program development. which a series of experimental 
single-case studies facilitated. was used. Single-case design 
is also particularly suited to providing experimental control 
in intensive. long-term programs.30 Furthermore the popu- 
lation involved was potentially diverse, raising difficulties 
for small-sample group-based research. In single-case de- 
signs subjects act as their own controls, combining the flexi- 
bility of case studies with the rigor of experimental method. 

Training was directed at improving commonly experi- 
enced impairments of somatosensory discrimination.*.3 
Fingertip texture discrimination and limb position discrimi- 
nation of the wrist were selected as representative examples 
of discriminative Ioss.‘,~ Texture discrimination is consid- 
ered to be a functional test of tactile sensibility,“’ is impor- 
tant in tactual identification of objects.” exploration of the 
environmem3 precision grip,34 use of utensils,” and other 
daily activities. 6.7.8.36 Proprioceptive discrimination affects 
perception of limb location and loss of this ability has nega- 
tive implications for safety,4 recognition of manually ex- 
plored objects,37 control of hand movements3* and rehabili- 
tation of motor function.9.‘0 

Gratings were presented in sets ofthree. with two surfaces 
identical and one different (fig 1). 4s suggested by Weber’s 
Law,46 differences in any given set were defined relative to 
the anchor 1 SOOpm stimulus, which appeared in each set. 
Differences in the surface spatial periods were expressed as 
a percentage difference and these varied from 3.33 percent 
spatial increase (PSI). For example a plate containing two 
1,550pm stimuli and one 1.500pm stimulus represents a 
3.33 PSI difference: 1,550 - 1,500/1,500 x 100 = 3.33 to 
100% spatial increase (PSI). The 3.33 PSI was selected as a 
difference that can just be discrimmated by “normal” sub- 
jects.45 Arrangement of surfaces within a set was random- 
ized with respect to position of odd surface, whether it was 
rougher or smoother than the comparison, and by how 
much. Using a forced choice paradigm4h subjects were re- 
quired to indicate the odd texture in each set (fig 2). Five 
different sets that spanned the range of textures were pre- 
sented. Sets were presented on plates guided through a 
frame situated on a board behind a curtain. 

The Proprioceptive Discrimination Test quantified sub- 
jects’ capacity to indicate wrist position following passive 
movement at the wrist. The procedure is consistent with 
clinical tests, is standardized, and eliminates reliance on 
motor abilities, which are commonly impaired. 

METHOD 

Subjects 
We investigated stroke patients with impairment in pro- 

prioceptive and/or tactile discrimination, identified clini- 
cally and by controlled tests described below. Subjects were 
required to be medically stable: have adequate comprehen- 
sion of instructions and perceptual ability for assessment: 
be assessed as free of unilateral spatial neglect using clinical 
observation and standard neuropsychological assessments 
(shape cancellation,39 line bisection.40 and tactile maze4’ 
assessments): and have no peripheral neuropathy. All sub- 

Test stimuli comprised 20 predetermined wrist angles in 
the flexion-extension range. The test device (fig 3) com- 
prised two protractor scales, with scale markings at 1’ inter- 
vals, and splints for the forearm and hand. The forearm 
splint was fixed in a central position aligning forearm and 
hand. The hand splint was attached to a lever, allowing 
freedom of movement at the wrist. The examiner adminis- 
tered passive wrist movements to defined test positions us- 
ing the lever. Subjects’ vision of their wrist position and of 
the examiner’s lever manipulations were occluded by the 
box. A pointer, aligned with the axis of movement at the 
wrist and attached to the top of the box above a protractor 
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scale, enabled subjects to indicate judgment of wrist posi- 
tion. 

Procedure 
Two series of four single case experiments were con- 

ducted. Each experiment in the first series (Study 1) was an 
AB design3’ comprising a no intervention phase followed 
by intervention on texture discrimination. Ten baseline test 
sessions (typically) were conducted 48 to 72 hours apart. A 
phase of training texture discrimination followed, when 
training sessions were interpolated between testing sessions. 
Follow-up sessions were also conducted, at an interval simi- 
lar to the combined time taken for collection of background 
data and testing during baseline and intervention phases, ie, 
9 to 13 weeks. In one case, patient 4, the study had to be 
terminated prematurely due to the subject’s early discharge. 
This resulted in an abbreviated intervention phase and no 
follow-up. 

In Study 2. performance on both texture and limb posi- 
tion discrimination was monitored concurrently. This per- 
mitted investigation of training effects in another somato- 
sensory modality and enhanced control of extraneous 
variables. Treatment was introduced in a staggered fashion 
to demonstrate treatment-specific effects. Response inde- 
pendence, necessary for control in multiple baseline de- 
signs3’ was promoted by selecting discrimination tasks that 
used different somatosensory modalities and areas of differ- 
ent somatotopic representation (fingertip vs wrist). Case 
study design comprised three phases, each of ten test ses- 
sions, scheduled 48 to 72 hours apart. when both texture 
and limb position discrimination abilities were assessed. In 
Phase 1 (baseline) no treatment occurred for either discrimi- 
nation task. In Phase 2, ten treatment sessions were inter- 
spersed between assessment sessions for the first discrimina- 
tion task, while baseline monitoring continued on the 
second discrimination task. In Phase 3, treatment was intro- 
duced for the second discrimination task over ten sessions. 
Subjects also received an abbreviated version (10 to 15 min- 
utes) of training for the first discrimination ability. Se- 
quencing of texture and limb position training was alter- 
nated across subjects. Again, follow up sessions were 
conducted after a period equivalent to the combined time 
for collection of background and time series data, typically 
13 to 16 weeks. All subjects participated in their usual reha- 
bilitation program, which included occupational therapy 
and physiotherapy. No other somatosensory training was 
conducted during the study. 

Baselines were planned a priori for ten sessions, with the 
proviso that where baseline instability was encountered, at 
least five further baseline sessions would be conducted to 
establish a stable pre-intervention pattern. This was neces- 
sary in two cases, CF in Study 1 and CN in Study 2. 

Testing Procedures 
The Tactile Discrimination Test required subjects to tac- 

tually explore each presented set of comparison surfaces 
with their preferred finger (fig 2). Five sets of surfaces were 
each presented ten times in a predetermined random order. 
Free exploration of surfaces and repetition were allowed. If 
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active finger movement was restricted, the examiner sup- 
ported the weight of the hand, allowed the preferred finger 
to rest in an extended position and, by moving the hand as a 
unit, guided the finger across the surfaces. The finger was 
only supported from the side, minimizing application of 
external downward pressure on textures. The examiner at- 
tempted to maintain a consistent speed and pressure. Sub- 
jects were then required to indicate which texture was dif- 
ferent by pointing to or stating its position. No feedback 
about responses was given during assessment. Testing took 
15 to 30 minutes, depending on subjects’ physical and cog- 
nitive abilities, and was conducted within the subjects’ con- 
centration span. Rests were provided as required. 

Responses were recorded as correct or incorrect for each 
set of surfaces. Probability of correct response was calcu- 
lated and standardized using the cumulative normal func- 
tion.47 A straight line was fitted to standardized values using 
the method of least squares4’ and used to calculate the dis- 
crimination limen. The limen was the percentage increase 
in spatial period of the texture that corresponded to a 0.67 
probability of correct response. This method of quantifica- 
tion took into account the chance probability of success for 
each of the stimuli presented. 

During each proprioceptive discrimination test session. 
the examiner moved subjects’passive hand to 20 different 
wrist positions in a predetermined random sequence. Sub- 
jects indicated the angle that best matched the test position 
by aligning the pointer on the top protractor scale with the 
imagined line linking the middle of the wrist to the index 
finger (fig 3). A pretest position was presented to ascertain 
subjects’ comprehension of instructions and adequacy of 
visual acuity and visuo-spatial skills. Testing took approxi- 
mately 5 minutes. 

The angle indicated by subjects was read to the nearest 
scale marking and compared to the scale value aligned with 
the lever to determine the error. Average absolute error 
over the 20 positions was the index of proprioceptive dis- 
crimination ability. 

Discrimination Training 
Training tasks were the same as the assessment tasks, ie, 

selection of the odd surface for texture discrimination, and 
indication of a wrist position for limb position sense. How- 
ever, the training trials used a restricted range and number 
of stimuli. Wrist positions for proprioception training trials 
were a subset wherein adjacent positions were separated by 
a defined angle. This angle and the percent spatial increase 
of the texture surfaces were selected according to subjects’ 
tested discrimination abilities. Initially stimuli containing 
the largest difference for which less than 100% accuracy had 
been shown in testing were presented. 

Attentive exploration, consistent with normal use of 
senses, was encouraged and vision was occluded during ex- 
ploration of stimuli. Quantitative feedback on accuracy of 
judgments was provided by showing subjects the correct 
stimulus and highlighting actual spatial differences of tex- 
tures or differences in wrist angles. Feedback on the method 
used to explore stimuli, eg, use of a consistent pressure 
when feeling textures or imagining a reference point of 
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Study I 
Patient 
Sex 
4ge ( years) 

Occupation 
Dominanct* 
Diagnosis 
Affected side 
Time since (‘V 4 (weeks) 
(‘r scan 

Motor function (affected 
upper limb) 

Cognitive tunction 
(neuropsycholog~ 
report ) 

Study 2 
Patient 
Sex 
4gr (years1 
occupation 

Dominant: 
Diagnosis 
4ffected side 
Time since CV 4 
(‘7‘ scan 

Motor function (arected 
upper limb) 

Cognitive function 
(neurops! cholog? 
report ) 

I 

M 
46 
Truck driver 
Right 
R WA 
Left 
IO 
R thalamic hemorrhage 

Decreased control. 
Independent linger 
movement, minimal 
guidance to position finger 
in tactile test. 

NAD 

M 
36 
Farmer-fruit trees. 
Stone masonan. 
Right 
R CVA 
Left 
26.5 weeks 
Large R internal capsule 

hemorrhage. 

No voluntary movement in 
wrist and fingers. Required 
guided movement of finger 
in tactile test. 

Mild deficit in visuospatial 
analysis and interpretation. 

ii 
61 
Retired 
Right 
R CVA 
Left 
8 
R internal capsule 

hemorrhage 
Independent. dexterous 

movement present. 
Independent finger 
movement in tactile 
test. 

NAD 

6 

34 
Homeduties. 
Secretar) 
Left 
R CVA 
Left 
I I weeks 
Large R middle 

cerebral artery 
infarction 

No voluntary 
movement. Required 
guided movement 
of finger in tactile 
test. 

Mild deticit in 
visuospatial synthesis 
and integration. 

-3 
M 
6X 
Retired 
Right 
L cv.4 
Right 
16.5 
L occipital infarctlon 

Small deep infarction 
Independent. dexterous 

movement present. 
Independent linger 
movement in tactile 
test. 

NAD 

M 
75 
Retired pensioner. 
Previously laborer. 
Right 
R 0.4 
Left 
5 weeks 
Large R thalamic 

hemorrhage. Onset 
of earl) 
hydrocephalus. 

Full range active 
isolated movement. 
Reduced dexterity. 
Independent fmger 
movement in tactile 
test. 

Severe difficulties 
learning a neh tash 
and monitoring 
performance. 
Impaired visuo- 
spatial perception. 
Impaired attention 
and concentration. 
Confabulates. 

M 
?X 
C‘ranc driver 
Right 
1. <‘V ,\ 
Kight 
IX.5 
I. front+temporal 

hemorrhage 
Poor control. No functional 

use. (iuided movement 
required for tactile test. 

P\)chomoto~. slowing. 
Impaired concentration. 
Impulsive. Severe lath 
of insight. 

%I 
41 
Fitter and turner 

Right 
R (‘V.1 
Left 
7.5 \cceks 
Several small infarctions in 

I. ccrehellum and R and 
I. occiuital corticrs. 

Full range active isolated 
movement. Reduced 
dexterity. lndependcnt 
tinger movement in 
tactile test. 

neglect. Impaired visuo- 
spatial perception and 
constructlonal dyspraxia. 
Impaired attention. 
concentration. and short- 
term memory. Negative 
attitude. Flat affect. 

* Hand dominance determined from Annett4’ questionnaire of hand dominance. 
Abbreviations: NAD. no abnormality detected: R. right: L. left; CVA. cerebra-vascular accident: CT scan. computed tomography scan. 

where the hand was pointing in the proprioceptive task, was 
also given. Subjects then compared how the stimuli felt 
with the other hand and verbalized the sensations from 
both hands. 

In the subsequent trial, training stimuli were presented 
with instructions that the same difference would occur as in 
the previous presentation: in texture training, surfaces 
would have the same degree of difference (although the odd 
texture could be in a different position): in limb position 
discrimination. the wrist would be placed in a position be- 
longing to the set of positions separated by the angle being 
trained. When correct discriminations occurred in at least 
three of four consecutive occasions, the next finer stimulus 
difference was introduced. Summary feedback on judg- 

ments and method of exploration was also provided at the 
end of each training session. Thus the training program 
used the principles of task specific training,29,‘8 graded pro- 
gression of stimuli.” attentive exploration,45 prevention of 
dominance by vision.48 quantitative feedback on out- 
come4’ and performance.7,48 use of anticipation.49 and sum- 
mary feedback.” 

Data Analysis 
Individual time series were analyzed visually3’ and statis- 

tically to evaluate treatment effects. Standard case charts 
were constructed and are presented in figures 4 and 5. Sta- 
tistical analysis of interrupted time series requires that a 
mathematical model able to describe the data is identified. 
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Fig l-Magnified cross section of sample of texture gratings (top) 
showing spatial period in micrometers and (bottom) an example of 
a texture plate comprising six triplet sets of comparison surfaces. 

then fitted to baseline and intervention phases.51 Model pa- 
rameters are then compared across phases, having ascer- 
tained that residuals from the model are not autocorre- 
lated.‘l Visual inspection of the intervention data suggested 
that a curvilinear function of the number of treatment ses- 
sions might appropriately describe the data. Model identifi- 
cation investigated three common curvilinear functions: 
Y = axb; Y = aeb,Y; and Y = a + bZnX. A common model was 

Fig 2-Tactile Discrimination Test. 

identified across the set of time series, minimizing difficul- 
ties associated with model identification of brief time se- 
ries.51s52 Outliers, defined as points that deviated from the 
line of best fit by more than three interquartile ranges,53 
were removed. 

The model was fitted separately to intervention then base- 
line data for each response. The baseline model was then 
used to predict intervention phase parameters under the 
null hypothesis that baseline processes continued un- 
changed. These parameter forecasts were compared with 
values derived from actual intervention data to detect 
change in levels3 at commencement of treatment or in 
trend53 across phases. A treatment effect was deemed to be 
present when a statistically significant difference occurred 
in level or trend. 

Four meta-analyses were also conducted, to obtain an 
overall conclusion of the effect of treatment on the slopes 
and intercepts of the discrimination series. Exact Type I 
error rates for trend and level changes were converted to 
standard scores for each series investigated and the probabil- 
ity of an overall Type I error determined.j4 

Fig 3-Proprioceptive Discrimination Test. 

. . _. __ .-. . . . . .-. 
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Fig 4-Study I: ‘l‘actile dis- 

crimination case charts. Ah- 

breviations: FII, follow up; 0, 

Panel A : Patient 1 

z 110, 

INTERVENTION I 

Panel C : Patient 3 Panel D : Patient 4 

affected hand; i!, other hand. SESSION 

RESULTS 

Visual analysis of case charts for Study I (fig 4) indicated 
clear differences between baseline and intervention phases 
for patients 1 and 4. and a detectable but less obvious 
change for patient 2. Subjects 1 and 4 showed stable base- 
lines at a ceiling level (100 PSI). Subject 2 showed more 
variability until Session 4, but then settled in a stable pat- 
tern that allowed clear interpretation. Treatment led to 
marked improvements in all three cases, subjects achieving 
low texture limens (3 to 3 I PSI). which were similar to those 
of the other hands. Subject 3 displayed an improvement 
trend during baseline (fig 4. panel C), which prevented un- 
equivocal conclusions about intervention effects. However, 
subject 3’s performance appeared to stabilize upon intro- 
duction oftreatment. achieving discrimination limenscom- 
parable to those of the other hand in the second half of the 
intervention phase. Improvements were maintained in the 
three cases where follow-up was possible (fig 4). either at the 
finest discrimination level achieved (subject 2), or within 
the improved range attained during intervention phases 
(subjects I and 3). 

Statistical analyses, using the Y = a + bln,y model, which 
accounted for most variance in all but two of 1 1 interven- 
tion series (table 1) confirmed the presence of intervention 
effects (table 3). In all but one series. no statistically signifi- 
cant residual autocorrelation at lags I-rC_. where k is a 
quarter of the length of the time series, was found. The 
exception, BH texture. only demonstrated a single signifi- 
cant negative autocorrelation at lag 3, which is within the 
false alarm expectations of the null hypothesis and unchar- 
acteristic of commonly encountered ARMA models.‘5 
Even if the result represented a true negative autocorrela- 

Panel B : Patient 2 

110 ____~ 

100 

90 

80 BASELINE : INIERVEUIION 
70 

60 

50 
I. 

JO 0 
0, 

30 

20 

E 

\- 
2 

10 0 

0 '--T--P/+ 

0 5 1 ‘5 2’ FU 

SESSltm 

io 
60. 

50. 

40 - 

30 - 

20. o 

IO. DASEL INI~ : INTERVENTION 

oA___,a ) 
q , r. 

SESSIOti 

13 16 18 

tion, this would have the effect of making interphase com- 
parisons more conservative if ignored.5’ Due to the abbre- 
viated time series. statistical analysis was not conducted 
for patient 4. 

AH four texture and limb position time series of Study 3 
demonstrated a change in discrimination performance 
from baseline to intervention (fig 5). Subjects 5, 6. and 7 
showed stable texture baselines around the ceiling of 100 
PSI. In all three cases introduction of treatment led to 
marked improvements, achieving scores similar to those for 
the other hand. In subject 8. presence of a preexisting base- 
line trend made it more difficult to draw conclusions (fig 5, 
panel D). However, the chart did suggest an additional im- 
provement with treatment, and the patient eventually 
achieved discrimination limens lower than his other hand. 

Proprioception baselines were also stable for subjects 5. 
6. and 8, who then showed marked improvements with in- 
tervention, reducing error to approximately half the initial 
magnitude (fig 5). Final wrist position errors were similar (5 
and 6) or better than (8) those ofthe other hand. For subject 
7. a very gradual improvement occurred during baseline 
(fig 5, panel C). Nevertheless further improvement was ap- 
parent after introduction of treatment. with errors becom- 
ing lower than those ofthe other hand in all but one session. 
In all charts, treatment of the first discrimination task did 
not appear to influence performance on the second. Fur- 
thermore. improvements did nat appear to be influenced 
by order of training. 

Discrimination improvements following treatment were 
maintained at follow-up. The finest texture limens and low- 
est wrist position errors achieved during intervention were. 
respectively, still evident for patients 6, 7. and 8, and 5, 7. 
and 8. In these cases. discrimination scores were as good or 
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Panel A : Patient 5 

F 
0 5 10 15 20 25 30 FU 

SESSION 

_^ Panel C : Patient 7 
g 110 

0 5 10 15 20 25 30 FU 

SESSION 

= Panel B : Patient 6 
g 110 ( 

0 i IO ;5 ;O ;5 3.0 -. F’U 

SESSION 

Panel D : Patient 0 

^ 301 

s OJ I 

& 1101 
BASELINE ! ,_.!NIE.?‘!K?‘N I 

p 0 I -7 /G- 
0 5 10 15 20 25 30 35 FU 

better than for the other hand. Patient 5’s texture and 6’s 
proprioception remained improved but slightly worse than 
the best values obtained during treatment or for the other 
hand. 

Individual interrupted time-series analyses (table 3) con- 
firmed the effectiveness of treatment for each subject. The 
meta-analyses obtained significant changes in trends (p 
4 0.00 I, p = 0.00 1) and intercepts 0, < 0.00 1, p 6 0.00 I), 
for texture and limb position, respectively, across the set of 
case experiments. 

that perceptions changed to definite texture or position sen- 
sations. Subjects spontaneously commented on potentially 
related improvements: “I’m holding objects better” (cases 
1, 2, 7, and 8); “the sensation of holding an object lasts 
longer” (8); “I feel more aware of where my hand is,” “my 
whole arm feels more a part of me” and “I’m starting to use 
my affected arm more” (6); and “its becoming more auto- 
matic to check where my hand is” (5). 

DISCUSSION 

Patients’ subjective comments suggested clinically signifi- Both series of case experiments indicated that a program 
cant effects. By the end of treatment all subjects reported based upon specific, graded discrimination tasks, attentive 
improved performance, finding it comparable to the other exploration ofstimuli with vision occluded, deliberate antic- 
hand. They were quicker and reported greater certainty, ipation, and quantitative feedback is able to produce, 
although most believed less concentration was needed to within a few treatments, marked and stable improvements 
discriminate with the other hand. Patients 5 and 6 noted in specific discrimination impairments. Stroke patients, 

SESSION 

Fig S-Study 2: Tactile and 

proprioceptive discrimination 

case charts. Abbreviations: 

FU, follow up; 0, affected 

hand; 0, other hand. 

Arch Phys Med Rehabil Vol74, June 1993 



DISCRIMINATIVE SENSORY RETRAINING, Carey 609 

Table 2: Proportion of Variance Accounted 
by Three Curvilinear Models 

_~__._ 

Model 

Sensor! 
Patient Modality Y _ a.p Y _ aeb.” Y = a + blnS 
____ -___ 

stud> I 
I L1ctilc .33 .33 .66 

1.xtilc .90 .o I .93 
: 

j 
Txtilc .I I .14 .I2 
Tactile No statisttcs computed 

Study :! 
\ Tactile .53 .53 .73 

Proprioceptron .33 .I’) .38 
f’ Tactile .56 .5J .69 

Proprioceptron .67 .55 .70 
Tactile .h7 .62 .73 
Proprioceptcon .3? 31 .47 

x Tactile .6X .8S .12 

Proprioceptton .43 .1x .54 
-__ 

Bold values indicate best Wing model. 

with someumes severe impairment, were brought close to 
“normal” range. as indicated by performance levels for the 
other hand and normative data. Normative data, based on 
a sample of 50 subjects without any history of neurological 
impairment. has demonstrated performances in the range 
of 3.33 to 46 PSI for texture and up to 1 1 o average absolute 
error for limb position sense.56 Improvements were fully 
maintained at follow-up in seven time series. Three cases 
showed some loss of the full intervention effect, although 
even these retained performance improvements equivalent 
to earlier stages of intervention. Only one texture series 
(CF) showed equivocal results. In this case, improvement 
also occurred, but started during baseline, confounding the 
conclusion that improvement was due to treatment. Thus 
intervention may be said to have been highly effective, wher- 
ever it had the opportunity to be so. 

Nonspecific treatment effects, natural recovery, the effect 
of practicing the test, and historical confounds are not plau- 
sible explanations for the improvements observed during 

intervention. First, these effects would be expected to affect 
baselines30 and baselines were stable in most cases. Second, 
in all multiple baseline cases. the control response (second 
discrimination task) did not show a concurrent change in 
performance with the treated response. Only upon intro- 
duction of treatment specific to the second discrimination 
task were improvements observed. Third. experimenter 
bias and placebo effects were further minimized by con- 
trolled testing with the forced choice design (texture) and 
the method of adjustment (limb position).46 Potential ex- 
perimenter bias associated with guiding subjects’ hand in 
the tactile discrimination test was unlikely to confound re- 
sults across the set of experiments because only half the 
subjects required assistance (table 1 1. yet intervention cf- 
fects were demonstrated in all but one of the texture series. 
Responses were read directly from test equipment, which 
limited the scope for observational error. The texture test 
only required the experimenter to note which of the three 
positions the subject had indicated. Responses from the 
proprioceptive discrimination test were read from a pro- 
tractor scale marked in 1” intervals. which contrast with 
intervention effects in the order of 8” to 30” average error. 
Fourth. subjects were not informed that the baseline task 
was an assessment or treatment task, minimizing likelihood 
of a placebo effect due to intervention. Finally, detailed 
information on changes in general treatment program. 
staff, hospital. and home environment and changes in sub- 
ject condition was monitored throughout. No consistent 
changes able to confound the intervention effect were 
noted. 

Replication in subjects with different characteristics 
strengthens the conclusion of elective intervention and 
supports the generalizability of the positive findings. Inter- 
vention effects were obtained despite variations in lesion 
site, lesion severity, time from onset of stroke, degree of 
motor impairment in the upper limb. cognitive status, age. 
and prior occupation (table 1). Improvement attributable 
to treatment was obtained in subjects with a range of sever- 
ity of texture and limb position discrimination impairment 

Table 3: Summary of Interrupted Time Series Analyses 

Patient 

Sensory 

Modalit) 

Trend Effect Level Effect 
__- __~ 

tW) p ( 1 -tail) Wf) p (I-tail) 

Stud> I 
I 
, 
; 
-t 

Stud! 2 
5 

6 

7 

x 

Tactile* 
Tactile* 
Tactile 
Tactile 

Tactile 
Proprioception 
Tactile* 
Proprioception 
Tactile* 
Proprioception* 
Tactile 
Proprioception 

tf 18) = 4.28 
tf 13) = 3.23 
t(7.3) = 0.53 

tt 16) = 3.33 
U26) = 0.23 
U’5) = 4.08 
tf 16) = 2.13 
tf74) = 6.55 
tf 15) = 0.83 
tf 16) = 2.18 
tt3 I ) = 3.20 

p < O.OOI UlX) 2. I(> 

p < 0.022 t( 14) 1.x: 
,’ > 0.05 U23) 0.w 

No statistics b computed 

p < 0.002 
[’ > 0.05 
p i 0.001 
p < 0.025 
p < 0.001 
p > 0.05 
p < 0.023 
p < 0.002 

Ulh) 5.11 
U2h) 3.97 
t(x) ~~ ?.hh 
t( If?) 3.07 
t,244 0.79 

t(1.s) -= 1.su 

lflh) m= I.JfJ 
t( 3 I ) = 0.02 

p < 0.023 
p i 0.045 
,’ > 0.05 

p i 0.001 
p < 0.001 
p < 0.007 
p c O.OOI 
,’ > 0.05 
p < 0.010 
[’ > 0.05 
1’ 3- 0.05 

Bold values indicate statistically signiticant effect. 
* Outliers deleted. 
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(figs 4 and 5). These results suggest that the training pro- 
gram has the potential to be effective with a wide range of 
stroke patients. 

It appears that practice of sensory discrimination tasks 
alone (with vision occluded) is not usually sufficient to ef- 
fect a clinically significant change. In eight of 12 time series, 
practice on the assessment task during baseline was insuffi- 
cient to effect discernible improvement in discrimination 
performance. Even in the four cases where improvements 
did occur during baseline, practice is not the only explana- 
tion of the improvements obtained. Natural recovery, ini- 
tial practice on the assessment task, or nonspecific treat- 
ment efiects are also possible explanations for those 
baseline trends, and these cannot be dismissed by our de- 
sign. 

Training effects appear to be stimulus specific. The multi- 
ple baseline cases showed no apparent concomitant 
changes in the second discrimination during the period that 
treatment improved the first discrimination, but prior to 
training the second discrimination. This result is consistent 
with findings in the perceptual and motor skill literature 
that learning is maximal for the task trained.29.48 The effect 
is also consistent with findings from studies with brain le- 
sioned rats” and trained monkeys,” that learning on the 
specific sensory task trained does not generalize to other 
similar tasks not experienced. These data suggest that we 
cannot rely on spontaneous generalization and training 
may need to be developed for a range of sensory problems. 
Further investigation of techniques to facilitate generaliza- 
tion of training across related sensory tasks is indicated. For 
example, it would be useful to test the effect of texture grid 
training on discrimination of texture surfaces encountered 
in everyday life. 

In conclusion, the case studies reported here indicate 
some exciting prospects for developing rehabilitation pro- 
grams for somatosensory discriminations. Intervention ef- 
fects of both clinical and statistical significance were ob- 
tained. Stroke patients became able to discriminate with 
“normal” or near “normal” ability following relatively few 
treatments, and gains were maintained. Availability of an 
effective method of sensory retraining creates the opportu- 
nity to experimentally investigate generalization oftraining 
across stimuli and the effect of improving sensation on mo- 
tor function. 
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