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Oz

Amac

Bu calismanin amaci Parkinson hastalarinda farkli
denge durumlarina gére gévde kontroliintin, el fonksi-
yonlarinin ve reaksiyon zamaninin karsilastiriimasidir.

Gerec ve Yontem

Calismaya 6’sI kadin toplamda 25 Parkinson hastasi
dahil edildi. Bireyler Berg Denge Olgegi (BDO) kesme
puanlarina gore Orta risk grubu (n=11) ve Dusuk risk
grubu (n=14) olarak ikiye ayrildi. Gdvde kontroli ve
fonksiyonlarini degerlendirmek icin statik oturma ve di-
namik oturma dengesi, gdévde koordinasyonu alt para-
metrelerinden olusan Govde Bozukluk Olgegi (GBO)
ile degerlendirildi. ElI kavrama kuvveti Jamar el dina-
mometresi ile, el fonksiyonlari Purdue Pegboard testi
ile el reaksiyon zamani ise Ruler Drop testi ile bilateral
olculdu.

Bulgular

Govde kontrolii igin gruplar karsilastiriidiginda gévde
bozukluk o6lcegi toplam skorunda ve dinamik oturma
alt parametresinde dusiuk risk grubu lehine anlamli
fark vardi (p=0.030, p=0.005). Ancak statik oturma ve
koordinasyon alt parametrelerinde gruplar arasi fark
yoktu (p=0.181, p=0.558). Her iki elin el kavrama kuv-
vetinde, el becerisinde ve reaksiyon zamaninda grup-
lar arasi fark gortlmedi (p>0.05).

Sonug

Parkinson hastalarinda orta riskli denge grubunun di-
namik oturma dengesi ve gévde bozuklugu dusuk risk
grubundan kotu iken, el fonksiyonlari ve reaksiyon
zamani benzerdir. Parkinsonlu bireylerde proksimal
stabilizasyonda ve dengede kilit rol oynayan gévde ve
distal mobilite i¢in el fonksiyonlarinin incelendigi daha
ileri calismalara ihtiyag vardir.

Anahtar Kelimeler: El kavrama kuvveti, Parkinson
hastaligi, Reaksiyon zamani, Ust ekstremite
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Abstract

Objective

This study aims to compare trunk control, manual dex-
terity, and reaction time according to different balance
states in people with Parkinson's Disease (PwPD).

Material and Method

A total of 25 PwPD, 6 of whom were women, were
included in the study. Individuals were divided into the
Moderate-risk group (n=11) and the Low-risk group
(n=14) according to the Berg Balance Scale (BBS)
cut-off scores. To evaluate trunk control and functi-
ons, static and dynamic sitting balance were evalu-
ated with the Trunk Impairment Scale (TIS), which
consists of trunk coordination sub-parameters. Hand
grip strength was measured with the Jamar hand dy-
namometer, manual dexterity was measured bilateral-
ly with the Purdue Pegboard Test, and hand reaction
time was measured bilaterally with the the Ruler Drop
Test.

Introduction

Parkinson's Disease is a progressive neurodegenera-
tive disease characterized by the involvement of motor
skills. Resting tremors, rigidity, bradykinesia, and gait
disturbances are cardinal features of the disease (1).
People with Parkinson’s Disease (PwPD) often have
poor dexterity and reduced grip strength (2). Fine
motor deficits seen in PwPD, inability to control grip
strength/strength, poor manual dexterity, and difficul-
ties in reaching the amplitude, speed, and coordina-
tion required for grasping movement can be listed as
motor dysfunction (3). Grip strength, which is closely
related to activities of daily living, is an important indi-
cator of motor disorders and quality of life. Excessive
grip strength and temporal delays are characteristic of
impaired hand functions. As impaired sensorimotor in-
tegration and movement disorders progress in PwPD,
uncontrolled increase in grip strength, slowing of gras-
ping, dystonia, prolongation of the time to lift objects,
and prolongation of the movement phase of manual
dexterity can be observed (3, 4).

In the progression of the disease, the symptoms gene-
rally progress from distal to proximal, starting from res-
ting tremors in the hand and progressing towards the
trunk and in the direction of disrupting the balance (5).
The most common disorders in PwPD are loss of am-
bulation and balance (6). Balance losses and falls are
2 or 3 times more common in PwWPD compared to he-
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Results

When the groups were compared for trunk control,
there was a significant difference in the dynamic sit-
ting subparameter and the total score of the trunk im-
pairment scale in favor of the low-risk group (p=0.030,
p=0.005). However, there was no difference between
the groups in static sitting and coordination sub-para-
meters (p=0.181, p=0.558). There was no difference
between the groups in the grip strength, dexterity, and
reaction time of both hands (p>0.05).

Conclusion

While the dynamic sitting balance and trunk impair-
ment of the moderate-risk balance group was worse
than the low-risk group, manual dexterity and reacti-
on time were similar. Further studies are needed to
examine manual dexterity for trunk and distal mobility,
which play a key role in proximal stabilization and ba-
lance in PwPD.

Keywords: Hand grip strength, Parkinson's Disease,
Reaction time, Upper extremity

althy elderly people (7). Balance losses are based on
multiple factors in the nature of the disease, such as
cognitive impairment starting from postural instability,
apathy, anxiety, depression, and non-motor disorders
(7, 8). The part that plays an important role in postural
instability is the trunk. Trunk control is considered a
prerequisite for balance and upper extremity functions.
It has been shown that there is a strong relationship
between postural control and fine motor functions (9,
10).

For quality movement in the distal, stabilization should
be better in the proximal (9). During the upper ext-
remity functions, the body's center of gravity should
change with arm movements, and adaptation to the
changing gravity center should be provided. Good
trunk control is needed in this dynamic process of ma-
intaining balance (11, 12).

Studies examining this link between trunk control, ba-
lance, and hand functions are available in the literature
(12-15). Among these studies conducted on different
populations, studies involving PwPD are very few (9,
11). Investigation of parameters such as grip strength,
dexterity, and reaction time including hand functions
according to balance status in individuals with Parkin-
son's Disease will help fill the gap in the literature. In
light of all this information, our study was planned to
compare trunk control, manual dexterity, and reaction
times according to different balance states in PwPD.



Material and Method

The approval for this study was obtained from the
Sileyman Demirel University Clinical Research Et-
hics Committee with the decision number 216 on
16.11.2017. The research is a comparative-cross-se-
ctional study. The sample of the study consisted of
PwPD who came to Slleyman Demirel University
Neurology Clinic between November 2017 and July
2018. The inclusion criteria for the study were being
in the 55-80 age range, being diagnosed with Parkin-
son’s Disease, having a score of 1-3 according to the
Hoehn & Yahr Scale, Mini-Mental State examination
score being =22 in educated subjects (16), and =18
in uneducated subjects, not having any orthopedic
problems that could interfere with the tests and evalu-
ations, and having good orientation and cooperation.
Exclusion criteria were determined as having an ortho-
pedic problem (such as DeQuervain's Tenosynovitis,
shoulder pathology, cervical radiculopathy) that could
hinder the evaluation, presence of evidence of syste-
mic disease (Rheumatoid Arthritis, Psoriatic Arthritis,
Systemic Lupus Erythematosus, or any degenerative
or non-degenerative neurological conditions), having
more than one complaint of pain in the upper extre-
mity, the presence of a history of surgery on the fore-
arm, presence of signs of psychiatric disease such as
dementia that may affect the answers given, any drug
and alcohol use that may affect cognitive functions.

Twenty-five PwPD were included in the study. All
participants continued their regular drug use. Evalu-
ations were made during the “on” period, which was
determined 1-1.5 hours after drug intake. The patients
were divided into 2 groups as those with low (n=14)
and moderate (n= 11) risk in terms of balance. The
sociodemographic information of individuals such as
age, gender, and educational status was recorded. To
determine the dominant hand, it was questioned which
hand the individuals wrote with. The patients' balance
was evaluated using Berg Balance Scale (BBS). BBS
is a valid and reliable test used to test the ability to
maintain balance while performing functional activities
(17). Fourteen items assess static sitting and standing
balance, as well as daily activities including transfers,
turning, and picking up objects from the ground. Sco-
ring is given between 0-4 (4: normal performance and
0: not able to do the movement) according to the per-
son's ability to do what is asked of him/her safely and
independently. The total score is 56 points and 0-20
points indicate high risk and 21-40 points show mode-
rate risk (18).

The Trunk Impairment Scale (TIS) was used to assess
trunk control and functions. TIS consists of 3 sub-pa-
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rameters (static sitting balance (0-7 points), dynamic
sitting balance (0-10 points), and trunk coordination
(0-6 points)). The total score is a minimum of 0 and
a maximum of 23 points, and it is accepted that hig-
her scores show better performance. It is a valid and
reliable scale in the early stages of PwPD (19). The
hand grip strength of individuals was measured with
the gold standard Jamar® Hand Dynamometer. The
measurement method with high validity and reliability
was carried out in the standard position recommended
by the American Association of Hand Therapists. Me-
asurements were made in a sitting position, shoulder
in adduction and neutral rotation, elbow in 90~ flexi-
on, forearm in mid-rotation and supported, and wrist in
neutral position. The patients were asked to squeeze
the dynamometer as hard as possible, not exceeding
10 seconds. Measurements were made sequentially,
starting with the dominant hand, and 3 measurements
were made from each hand, and the mean scores
were recorded in kilograms (20).

Purdue Pegboard test (Lafayette, MODEL 32020)
was used to measure manual dexterity and speed.
Before the test was applied, all the materials of the
test were introduced to the individuals. Starting from
the dominant side of the participants, pins (25), nuts
(20), washers (40), and pins (25) were placed in the
four compartments at the top of the test board, res-
pectively. Before starting the test period at each step,
participants were asked to experiment. One point was
given for each nail placed by the individuals within 30
seconds. The test was repeated 3 times bilaterally and
the mean value was recorded. The test is a valid and
reliable measure of hand functions in PwPD (21).

The Ruler Drop test was used to measure hand rea-
ction time. With the elbow flexed to 90 degrees and
the dominant hand in a neutral position, the subjects
were asked to catch the ruler upright after the ruler
was released from above in the sitting position with
the forearm supported on the table. The ruler was left
with the lower end between the index and thumb of the
person. For the individual to hold the ruler left by the
tester, the tips of the thumb and forefinger should be
8-10 cm ahead of the table edge, and the upper parts
of the thumb and forefinger should be parallel to each
other. The hands of the individuals were fixed during
the test and the value read at the top point of the ruler
gave the reaction time. The measurement was repe-
ated bilaterally 5 times. The highest and lowest trials
were discarded and the mean of the remaining ones
was recorded (22).

Statistical Analysis
SPSS 25.0 (IBM SPSS Statistics 25 software (Ar-
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monk, NY: IBM Corp.) package program was used for
data analysis. Parameters were expressed as mean
+ standard deviation and categorical variables were
expressed as numbers. The conformity of the data to
the normal distribution was examined with the Kolmo-
gorov-Smirnov test. Mann-Whitney test was used for
the comparison of differences between groups. The
Chi-square test was used to examine the differences
between categorical variables. The multiple analysis
of variance MANCOVA (covariate: age) was used for
the comparison of the study groups in TIS. The signi-
ficance level was accepted as p<0.05 in all analyses.

Different Status of Balance in Parkinson Disease

Results

The sociodemographic characteristics of individuals
and the BBS scores are shown in Table 1. Gender,
education level, marital status, and dominant side
were similar between the groups (p>0.05). When the
disease duration of the individuals was compared, the-
re was no difference between the groups (p=0.687).
Individuals in the low-risk group were younger than
those in the moderate-risk group (p=0.028). When the
groups were compared for trunk control, there was a
significant difference in the dynamic sitting subpara-

The demographics and basal clinical features of the participants (n = 25)

Moderate risk group Low risk group z
(n=11) (n=14) p
Gender (F/M) a7 2/12 1.650 0.350°
Age (years) (mean+SD) 70.63+8.50 63.57+7.19 2.199 0.028*
BMI (kg/mz) 27.51 (3.44) 29.13 (4.75) 1.598 0.115
Education level
Primary education (8 years) 5 4 a
Secondary Education (8-12 years) 3 7 559 R
Higher Education (12 years<) 3 3
Marital Status
Single 1 - 1.695 0.4407°
Married 10 14
Onset (years) (meantSD) 5.27+3.49 6.85+5.64 0.660 0.687°
Laterality, R/IL 10/1 11/3 0.733 0.6042
BBS (Score) (mean+SD) 35.45+5.82 48.57+3.85 4.228 0.000""
*p<0.05; a: Chi-Square Test; b: Mann Whitney U test; F: Female; M: Male; BMI: Body mass index;
R: Right; L: Left; SD: Standart deviation; BBS: Berg balance scale
Table 2 Comparison of trunk control by groups
Moderate risk group Low risk group .
(n=11) (meanxSD) (n=14) (meanzSD) p
Total TIS score (range 0-23) 15.90+£3.78 18.92+3.40 3.554 0.030*
Static balance (range 0-7) 5.81+1.25 6.42+0.75 1.768 0.181
Dynamic balance (range 0-10) 6.63+2.01 8.57+1.82 5.681 0.005*
Trunk Coordination (range 0-6) 3.45+1.75 3.92+1.81 0.706 0.558

*p<0.05; MANCOVA test; SD: Standart deviation; TIS: Trunk impairment scale
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Moderate risk group Low risk group . p
(n=11) (mean+SD) (n=14) (mean+SD)
D-Grip strength (kg) 52.74+21.11 61.75+16.39 0.712 0.477
ND-Grip strength (kg) 48.37+18.80 54.36+17.61 0.493 0.622
D-PPT (score) 3.28+1.01 2.68+1.15 1.177 0.239
ND-PPT (score) 3.8310.66 3.17+0.99 1.616 0.106
D-RDT (cm) 22.69+4.94 19.31+4.27 1.588 0.112
ND-RDT (cm) 23.81+5.31 22.05+4.98 0.904 0.366

*p<0.05; Mann Whitney U test; SD: Standart deviation; D:Dominant; ND:Non-dominant;

PPT:Purdue Pegboard Test; RDT: Ruler Drop Test

meter and the total score of the TIS in favor of the
low-risk group (p=0.005, p=0.030) (Table 2). However,
there was no difference between the groups in static
sitting and coordination sub-parameters (p=0.181,
p=0.558) (Table 2). The comparison of the parameters
of hand functions between groups is presented in Tab-
le 3. Accordingly, there was no difference between the
groups in the grip strength, dexterity, and reaction time
of both hands (p>0.05).

Discussion

In this study, which was conducted to compare trunk
control, hand functions, and reaction time in PwPD
according to different balance states, the main finding
was that hand grip strength, dexterity, and hand re-
action times were similar between the groups. There
was a significant difference between the groups in the
dynamic sitting balance sub-parameter of trunk control
and the total score of trunk impairment in moderate
and low-risk groups.

Postural instability and balance problems are the most
common findings in PwPD, and approximately 75%
of patients have a history of falling. Patients' ability to
control body mass is not sufficient to maintain balance
during activities of daily living (23). Since the upper
body constitutes two-thirds of the whole body weight,
the control of trunk movements is very important in
providing postural stability (24). Uncoordinated and
uncontrolled trunk movements increase balance loss
and falls. In a study evaluating trunk movements in the
sitting position in PwWPD with and without a history of
falling, it was shown that trunk control was affected
in PwPD with a fall history, and it was noted that ex-
cessive oscillations in the mediolateral direction were
higher than in the anteroposterior direction (25). In the

study by Cole et al. examining muscle activation for
trunk stabilization in PwPD with poor balance during
walking, it was found that lumbar multifidus and tho-
racic erector spinae muscle activation was higher and
trunk stabilization was affected more than the group
with good balance (26). In our study, the trunk cont-
rol scores of the group with poor balance were lower,
as reported in the literature. The affected trunk control
performance that was observed in the clinic was sta-
tistically significant in dynamic sitting balance and total
score of TIS. While there was no difference in other
sub-parameters of trunk control, the only difference
in dynamic balance can be explained by the postural
strategy that the moderate-risk group could not use
to compensate for balance losses. Loss of balance is
compensated by corrective movements such as the
hip strategy, which requires hip, pelvis, and trunk cont-
rol. Although not evaluated in the present study, in this
strategy, the body is largely responsible for meeting
the stresses (27). In the examination of trunk control,
we think that dynamic sitting performance is more
functional than other sub-parameters and reflects the
patient's clinic more. The fact that the BBS is more fo-
cused on dynamic balance than static balance measu-
rements and the difference in dynamic sitting balance
supports this idea.

It is required that good proximal stabilization for good
distal mobility (9). Proximal stabilization requires sy-
nergistic control among body segments (such as the
trunk, spine, and pelvis). In other words, good trunk
control provides good distal functionality (28). A relati-
onship was found between postural control and manu-
al dexterity and hand grip strength, which was evalua-
ted using the BBS, in people over the age of 65 without
neurological problems (14). In a study examining the
relationship between postural control and manual dex-
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terity in young and old PwPD, it was shown that ba-
lance affects manual dexterity in elderly PwPD (9). It
has been shown in the literature that hand grip stren-
gth in PwPD can predict the severity of the disease. It
has also been shown that the better the grip strength,
the better the manual dexterity (2). Trunk control was
not included in these studies. Dexterity was evalua-
ted with the Nine-Hole Peg Test. In another study, the
effects of two different treatment methods effective in
trunk control on hand functions and balance were in-
vestigated (11). In addition, it was emphasized that the
relationship between dexterity and other motor func-
tions such as trunk control should be examined in fu-
ture studies (9). In our study, which we created in line
with these studies, we tried to reveal the differences in
trunk control and dexterity in PwPD who have different
balance problems. However, contrary to the literature,
we did not find a significant difference in hand functi-
ons and reaction speed according to different balance
conditions. We think that this result occurred because
the disease was not advanced and that all aspects of
trunk control were not affected yet.

Individuals use hand functions as a compensatory
mechanism to prevent falling, and individuals with low
hand grip strength cannot prevent falling (29). In the-
se studies, where there is a difference in hand grip
strength, there is no pathogenesis of neurological ori-
gin. We think that there may be many factors affecting
hand grip strength in pathophysiology such as Parkin-
son's that affects hand functions. Factors such as dys-
tonia, bradykinesia, rigidity, age, gender, and disease
duration were considered to be confounding factors,
and it was concluded that the relationship between ba-
lance and hand grip strength was not as pure as in the
elderly population.

When the studies investigating hand function in PwPD
were examined, hand function was evaluated with the
nine-hole peg test because it was easily accessible in
most of the studies (2, 9, 11). The Purdue pegboard
test, which we used in our study, was found to be more
sensitive than other timed tests measuring hand fun-
ctions (30).

In falling and loss of balance, the speed of catching
objects is as important as the force (31). Considering
the diversity of kinetic findings in PwWPD, it is inevitable
that reaction time is affected (32). The effects of visu-
al control and reaction speed on balance have been
shown in young individuals (33). In addition, advanced
age involvement, kinetic findings, and loss of balance
in PWPD may explain the delays in reaction time. It
has been stated that the reaction time varies accor-
ding to the evoked sensation ratios, the severity of the
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stimulus, general muscle tone, motivation, fatigue, and
emotional state (34). In the same study, it is mentioned
that the existence of many factors affecting the reac-
tion time and the change of these factors according
to various places and times will change the measure-
ments. In our study, the reason why the reaction times
were similar according to the equilibrium state was
considered a variable factor. Even if the trunk cont-
rol performances of individuals with poor balance are
the same, we think that grip speed, which is a motor
response to falling, should be affected. It has been
shown that the decrease in the amplitude of move-
ment (hypokinesia), and the absence of spontaneous
movements (akinesia) accompanying bradykinesia in
PwPD, is insufficient in the complexity of PwPD, alt-
hough clinical evaluations are easy (30). Presenting
data on this complex structure of hand functions in
PwPD with clinical measurements will form the basis
for future studies.

Dynamic sitting balance and trunk impairment were af-
fected and hand functions and reaction time were pre-
served in the moderate-risk group for falls in PwPD.
Gross motor skills required for maintaining balance
and fine motor skills required for manual dexterity are
integral parts of being independent in daily life. For this
reason, there is a need for further studies that examine
balance and hand functions in more detail in PwPD.

Important limitations of the present study were that
hand functions and balance were not evaluated with
more technological devices, fall risk assessment was
not made, the staging of individuals according to the
Modified Hoehn-Yahr Scale was not known, and daily
life activity or quality of life assessments of the functio-
nality of individuals were not included.

Conclusion

While the dynamic sitting balance and trunk impa-
irment of the moderate-risk balance group is worse
than the low-risk group in PwPD, hand functions and
reaction time are similar. Further studies are needed
to examine hand functions for trunk and distal mobility,
which play key roles in proximal stabilization and ba-
lance in PwPD.
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