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Upper extremity sensory training after stroke
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SUMMARY

Introduction Stroke is one of the leading causes for disability worldwide. After stroke, the majority of
stroke survivors experience significant arm-hand impairments and a decreased use of the paretic arm
and hand in daily life. Tactile sensibility of the hand is essential for identifying objects and for motor
performance. Despite important sensory contributions to normal and abnormal movement, research
has predominantly focused on motor aspects of stroke recovery. In this paper, we present the effect of
sensory stimulation program on arm sensation and motor recovery in subacute stroke.

Case outline In a 65 years old woman the sensibility stimulation program was administered in subacute
phase of post-stroke rehabilitation, six weeks after stroke, involving active and passive somatosensory
intervention, motor control, coordination, strength and balance exercises. The rehabilitation protocol
was applied for four weeks, five times a week. On discharge, the results of physiotherapy assessment
showed full recovery of her right arm and hand.

Conclusion This case report shows that precise assessment, problems identification and problem ori-
ented somatosensory interventions can improve, in a short time, functional motor performance of the

arm involved in rehabilitation after stroke.
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INTRODUCTION

Stroke is defined as the sudden onset of neu-
rological signs and symptoms resulting from
a disturbance of blood supply to the brain [1].
The number of people living with stroke is es-
timated to increase by 27% between 2017-2047
in the European Union, mainly because of
population aging and improved survival rates
[2]. Clinically, a variety of focal deficits are
possible, including changes in the level of con-
sciousness and impairments of sensory, motor,
cognitive, perceptual and language functions.
Proprioception, superficial touch and tempera-
ture sensation losses are common [3] and the
sensory impairments may affect the patient’s
ability to control and coordinate movement [1].
The proprioceptive senses, including static po-
sition sense and movement sense or kinesthe-
sia, are critical for accurate movement, but are
often impaired following stroke [4, 5]. These
deficits significantly contribute to the patient’s
motor disability and largely determine the de-
gree of recovery [6, 7].

Deficits in somatic sensations (body senses
such as touch, temperature, pain, and proprio-
ception) after stroke are common with preva-
lence rates variously reported to be 11-85% [8].
Approximately 50% of stroke patients have hand
sensory impairments, especially in tactile and
proprioceptive discrimination [9, 10]. Sensation
is essential for safety even if there is adequate
motor recovery [11]. Findings particularly sug-
gest the importance of somatosensory function
after stroke for recovery of precision grip force
control [12], safety and dexterity in the paretic

hand [13] and functional independence in ac-
tivities of daily living (ADL) [14, 15].

The current findings showed that active and
passive sensory retraining may be an effective
intervention for improving the light touch
threshold of the hand, dexterity, upper extrem-
ity (UE) motor function [10, 16] to improve the
ADL in stroke patients with impaired sensory
motor abilities [17]. The quality of evidence is
low to moderate [18, 19] so further research is
required to determine the effectiveness of sen-
sory training in stroke rehabilitation.

CASE REPORT

The patient, a 65-year-old right-handed English
teacher, sustained a left ischemic stroke in 2019.
She had received hospitalization service and
was discharged from the hospital two weeks
after the acute moment. Physical therapy treat-
ment consisted of early verticalization and mo-
bility exercise. She was able to walk on her own
at the time of discharge from the hospital. Six
weeks after the stroke, she was admitted to a
rehabilitation facility as inpatient for a four-
week rehabilitation program. At the moment of
the treatment, she was taking antihypertensive
therapy. At clinical examination she presented
normal muscular tone and mild muscle weak-
ness at her right side (4 on manual muscle test-
ing or higher) and significant weakness of her
right hand intrinsic and all thumb muscles (2
to 3 on manual muscle testing). Motricity index
(MI) was used to evaluate arm motor ability
(pinch grip, elbow flexion, shoulder abduction)
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Figure 2. Spiky ball manipulation

[20, 21] and scored L: 100 R: 88/100. Despite satisfactory
muscle strength, she was unable to perform functional
movements. Tri-digital and pinch grips were impossible
and hook and lumbrical grasp were incomplete. The op-
position of the thumb to the other fingers was possible
but the fingers were not well directed. It was difficult to
pick-up small objects. No weakness over LE. The patient’s
body structure and function impairments include im-
paired proprioception, kinesthesia and light touch sensa-
tion of her right hand. The perception of light touch was
preserved but diminished compared to the left hand and
precise localization of stimulus was lost. Mislocalization of
touch sensations was present in the entire right palm and
forearm. Joint position and arm motion reproduction was
impossible. The right LE sensibility was intact.

Passive range of motion was in functional range.
During finger to nose test right hand dysmetria was noted.
Dysdiadochokinesia of the right hand. Romberg test was
negative. Tandem stance test: right leg back-positive at
five seconds and left leg back-negative but shaky. Tandem
walking test with eyes open: unstable. Single leg stance:
right three seconds, left 10 seconds.
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Figure 4. Opposition of thumb and fingers using silicone ball for re-
sistance

The patient presented independent with ambulation
and all basic ADLs. Physical function according to The
Stroke Impact Scale 16 (SIS-16) was scored 68/80 [22].
The ability to use the right hand in bilateral activities was
reduced. She mostly performed activities with her left UE.
She could not take or hold a cup in her right hand. She
could not hold a pen or sign. It was frustrating she could
not hold a pen or sign because holding a pen and chalk
was fundamental to her teaching profession. Reported par-
ticipation restriction was regarding her paid work. There
were no cognitive or speech impairments.

Short-term goals were to improve sensibility, to hold a
cup of water in her right hand and to drink from it, to write
short sentences and sign, to be stable in single leg stance.

Long-term goal was to return to work.
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Upper extremity sensory training after stroke

Physiotherapy treatment program consisted of sensory
stimulation, motor control, strength and balance exercises.
We placed different objects in her right hand while she
was looking and then with her eyes closed. She tried to
identify objects as they were placed in her hand again, one
at a time. “Washing” and “dusting table” with a towel, wool
socks and pieces of cloth of different textures. For texture
identification, we made the patient recognize the difference
in texture (cotton, velvet, cloth, paper towel, sponge, wool
sock, sandpaper) by touch only. We applied stimulations
with a cotton ball to both and then to her right forearm,
wrist, hand and digits, volar and dorsal surfaces. She tried
to identify and precisely localize the stimulus with her eyes
closed. We also practiced hand movements into containers
with rice, dry beans and corn. The patient had the task
to feel an object (coin, eraser, paper clip) and then to try
to find a matching object in the container. With her eyes
closed and had someone else move her hand while hold-
ing a pencil, she tried to identify what letter, number or
drawing was made.

Each exercise in a treatment session was chosen to tar-
get a specific functional skill such as reaching, grasping
and manipulating an object (ring, balls, pen, key, roller,
plastic glass, clothespins). Grasp stability and adequate
grips force were practiced. For manipulation we used spiky
massage balls, roller and ring. We instructed the patient to
grasp plastic cup and to try to determine how much pres-
sure she was putting on to hold it. We practiced that the
patient takes a plastic cup, holds it in her right hand and
brings it to her mouth as if she was going to drink from it,
then we put first one and later two tangerines in a cup. The
same task was performed with a cup half-filled with water.
The patient was encouraged to count successful attempts.
The tip-to-tip pinch, three-jaw chuck (digital) and the key
(lateral) pinch were practiced. We taught her to hold a pen
first, to monitor the pressure of holding it and to allow
movements required for writing. Writing was practiced:
first lines and shapes, then letters, signature, words and
sentences. During the last week of rehabilitation, we prac-
ticed writing on the board: instead of blackboard we glued
a sheet of paper to the wall and instead of chalk we used
a thick felt pen.

Other exercises included bimanual alternative move-
ments: clapping hands, playing the piano, thumb opposi-
tion and reposition.

The Romberg stance, tandem stance and single leg
stance balance exercises were performed. Tandem walk-
ing and fast walk with a stop at command were practiced.

Isotonic strengthening exercises with mild resistance:
manual, putty (beige, red) springs, silicone balls (red and
green), 10-15 repetition, 1-2 series, in progression 2-3
series. Power (hook, fist, spherical, cylinder) and precision
grips exercises using putty and silicone balls for resistance
were administered. This exercise program (45 min) was
applied once a day on weekdays for four weeks.

The final assessment: Subjectively, she reported a com-
plete sensibility in her right hand. SIS-16 score: 77/80.
Objectively, sensibility improved: she accurately recognized
the location of applied stimuli. She could recognize and
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repeat position and movement in hand and finger joints.
MI: L100, R 100. She could sign and write short sentences.
She could write on a piece of paper taped to the wall. She
could hold a glass it in her right hand and drink from
it. She could drink coffee from a small cup. The tandem
walking was stable. Single leg stance: 10 seconds bilateral.

Written consent for publication of this article has been
obtained by the patient.

DISCUSSION

Even though the fact that patients often complain about so-
matosensory disturbances, true prevalence of somatosen-
sory impairment in stroke patients can be underestimated
in clinical practice because motor symptoms usually raise
greater awareness in the therapists while accompanying
somatosensory deficits may be overlooked [9, 23]. Despite
the importance of sensory contributions to normal and ab-
normal movement, research has predominantly focused on
motor aspects of stroke recovery. There is lack of evidence
that UE somatosensory training improves somatosensory
impairment, motor control, function and participation
after stroke. Also, the poor quality of current evidences
assessing the effectiveness of sensory training after stroke
suggests the need for further research [18, 19]. Our pa-
tient’s experience provided a unique opportunity to study
the course and extent of UE motor recovery when sensibil-
ity disturbance is recognized and adequately treated. This
case report points the importance of sensory information
for motor function. Physiotherapy assessment revealed a
somatosensory loss in right arm, a mild muscle weakness
of right hand, thumb, fingers and right underarm, distur-
bance of motor control and fine coordination, difficulties
in participating in instrumental ADLs and balance deficit.
As she could not write, our patient could not do her job
of a teacher. The decision that our rehabilitation protocol
should involve sensory training was based on the results
of physiotherapy assessment and current evidence. Precise
assessment and identification of the problems were the
first, and selection and application of adequate therapeutic
interventions, the second step.

In similar study, findings showed that sensory retraining
may be an effective adjunctive intervention for improving
the light touch threshold of the hand, dexterity and up-
per limb motor function in chronic stroke survivors [16].
Serrada et al. [19] concluded in 2019. that the further high-
quality research is required to determine the effectiveness
of sensory retraining in stroke rehabilitation.

The rehabilitation protocol in our study mainly involved
sensory and motor control training. Each evaluation test
at discharge from rehabilitation unit showed quantitative
and qualitative improvement. The level of manual ability of
right arm in ADLs improved. This case report will provide
an increased understanding of contributions of sensorimo-
tor integration and sensorimotor learning to skilled hand
movements post-stroke.
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CTumynaumja ceH3MbunnTeTa pyKe nocae MoXKAaHOr yaapa

BecHa Camapumh

YHusep3ureT LipHe lope, MeauuuHckn dakyntet, Cryaujcku nporpam npumereHe dusnotepanuje, Mrano, LipHa lfopa

CAXKETAK

YBoa MoxpaaHu ygap je Bogehu y3pok oHecnoco6/beHoCTH
y cBeTy. lMocne ygapa BehinHa npexunsennx nMa 3HavajHa
owTehera pyke/wake 1 peaykoBaHy ynotpeby napeTnyHor
eKCTpemunTeTa y CBakofgHeBHOM XuMBoTy. OuyBaH ocehaj y npe-
[eny LaKe je 0OCHOBa 3a Mpeno3HaBare A0LUPOM U 3a MOKPET.
YnpKoC 3Hauajy ceH3MbunmTeTa 3a HopManaH NMoKpPeT, NCTPaXu-
Batba Cy NPETEXHO YCMepeHa Ha MOTOPHM acMeKT onopaska
nocsne MOXAaHor ygapa.

Y 0BOM pafly NpefCcTaB/baMo YTHLAj Nporpama CEH30pHe CTHMY-
nauuje Ha CeH3NOUNUTET N MOTOPUKY pyKe Yy Cy6aKyTHOj dba3u
pexabunutaluje nocne MoXxgaHor yaapa.

Mpukas 6onecHuka Kop 65-roguiltbe XeHe NpUMereH je
nporpam cTumynauuje ceHsubunuTerta y cybakyTHoj Gasu
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0rMopaBKa, LWeCT Heflesba Nocsie MoXAaHor yaapa. Mporpam ce
CacT0jao 13 MACUBHUX U aKTUBHUX MHTEPBEHLMja CTUMYNaLje
CeH3MbunmTeta, BeXXOU MOTOPHE KOHTPOJe, KoopAuHaLmje, ja-
yarba 1 6anaHca. Mporpam Tepanmjckmx BeX6u ce NprmMerNBao
TOKOM YETBOPOHE[EeIbHE pexabunuTaluje, NeT nyTa HefiesbHo.
Ha otnycTy cy pe3yntatu ¢pusrioTepaneyTcke NpoLeHe nokasa-
7N MOTNYH OMopaBakK pyKe.

3aKibyuak Pe3yntatu Haler ncTpaxkuBara Cy nokasanu fa
npeL3Ha NpoLieHa, Npeno3Hasatbe Npobnema v NprmMeHa ofi-
rosapajyhvx MHTepBeHLMja CTMynaLmje ceH3MbunuTeTa Mory
3a KpaTKo Bpeme yHanpeauT MOTOpHY GYHKLMjy NapeTuyHe
pyKe nocne MoXAaHor yaapa.

KrmbyuHe peun: cTumynauuja ceH3ubunmTeTa; yUnHKOBUTOCT;
pYKa; MOX[aHU yAap; MOTOPHA KOHTposa
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