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GRAPHICAL ABSTRACT

Demographics The dominant and nondominant
* Age, height, weight, gender and NHPT times were higher in patients
dominant side. with AD compared to healthy older
adults.

Parameters evaluated and their tests
* Manual dexterity: Nine Hole Peg Test
(NHPT). Tests correlated with NHPT in
* Balance: Berg Balance Scale (BBS), Four u patients with AD: BBS, FSST, OLST,
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Standing Test (OLST).
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Manual Dexterity, Balance, and Trunk Control

ABSTRACT

Aim: It is suggested that trunk control and balance make an important contribution to voluntary upper extremity function, including motor
control and manual dexterity. The study's objectives were to assess manual dexterity in those with Alzheimer's Disease (AD) and healthy
older adults, as well as to look into the relationships between manual dexterity and balance and trunk control in patients with AD.

Material and Methods: The study involved 32 patients (15 female and 17 male; age: 74.59+6.53 years) with AD and 32 healthy older adults
(14 female and 18 male; age: 73.66+5.60 years) matched for gender and age. The study involved 32 patients with AD and 32 healthy older
adults matched for gender and age. Manual dexterity was assessed with the Nine Hole Peg Test (NHPT); balance with The Berg Balance
Scale (BBS), The Four Square Step Test (FSST) and The One Leg Standing Test (OLST); trunk control with the Trunk Impairment Scale
(TIS).

Results: The dominant and nondominant NHPT times were higher in patients with AD compared to healthy older adults (p<0.05). The
dominant and nondominat NHPT were associated with BBS, FSST, OLST, and TIS in patients with AD (r between -0.375 and -0.755; p<0.05
for all).

Conclusion: Manual dexterity was affected in patients with AD compared to healthy older adults and manual dexterity was related to balance
and trunk control in patients with AD. In patients with AD, bilateral hand dexterity should be assessed from an early stage, and it should not
be ignored that practices that improve balance and trunk control may have positive effects on hand functions during hand rehabilitation.

Keywords: Alzheimer’s Disease, manual dexterity, balance, trunk control

GRAFIKSEL OZET

Demografik bilgiler
* Yas, boy, kilo, cinsiyet ve dominant Dominant ve nondominant DDPT
taraf l streleri saglikli yash yetiskinlere
kiyasla Alzheimer hastalarinda
Degerlendirilen parametreler ve testleri daha yiksekti.
* El becerisi: Dokuz Delikli Peg Testi
(DDPT)
* Denge: Berg Denge Olcegi (BDO), Dort
Adim Kara Testi (DAKT) ve Tek Ayak Alzheimer hastalarinda DDPT ile
Uzerinde Durma Testi (TADT). DU[] iligkili testler: BDO, DAKT, TADT ve
* Godvde kontrolii: Gévde Bozukluk — GBO.
Olgegi (GBO).
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Amac: Govde kontroll ve dengenin, motor kontrol ve el becerisi dahil olmak lizere istemli Gst ekstremite islevine énemli bir katki sagladigi
One slrilmektedir. Calismanin amaci, Alzheimer hastalarinda ve saglikli yash yetiskinlerde el becerisini degerlendirmek ve Alzheimer
hastalarinda el becerisi ile denge ve gévde kontrolli arasindaki iligkileri incelemektir.

Gerec ve Yontemler: Calismaya 32 Alzheimer hastasi (15 kadin ve 17 erkek; yas: 74,59+6,53 yll) ve cinsiyet ve yas acisindan eslestirilmis
32 saglikli yash yetiskin (14 kadin ve 18 erkek; yas: 73,66+5,60 yil) dahil edilmistir. Calismaya 32 Alzheimer hastasi ile cinsiyet ve yas
agisindan eslestirilmis 32 saglikli yash yetigkin katilmistir. El becerisi Dokuz Delikli Peg Testi (DDPT) ile; denge Berg Denge Olgegi (BDO),
Dért Adim Kare Testi (DAKT) ve Tek Ayak Uzerinde Durma Testi (TADT) ile; gévde kontrolii Gévde Bozuklugu Olgegi (GBO) ile degerlendirildi.
Bulgular: Dominant ve nondominant DDPT streleri saghkh yasl yetiskinlere kiyasla Alzheimer hastalarinda daha yuksekti (p<0,05).
Alzheimer hastalarinda dominant ve nondominat DDPT, BDO, DAKT, TADT ve GBO ile iliskiliydi (r -0,375 ile -0,755 arasinda; tim igin
p<0,05).

Sonug: Alzheimer hastalarinda el becerisi saglikl yash yetiskinlere kiyasla etkilenmistir ve Alzheimer hastalarinda el becerisi denge ve
govde kontrolu ile iligkilidir. Alzheimer hastalarda bilateral el becerisi erken dénemden itibaren degerlendirilmeli, el rehabilitasyonu sirasinda
denge ve gbévde kontrollini gelistiren uygulamalarin el fonksiyonlari Gizerinde olumlu etkileri olabilecegi g6z ardi ediimemelidir.

Anahtar Soézciikler: Alzheimer hastaligi, el becerisi, denge, gévde kontrolu
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INTRODUCTION

One of the most prevalent neurodegenerative disorders,
Alzheimer’s Disease (AD), is the cause of more than 80%
of dementia cases in older adults worldwide. It results in
gradual mental, behavioral, functional and learning impa-
irment (1). The cognitive decline that occurs prominently in
patients with AD is accompanied by impairments in motor
functions. As a result of these disorders, patients with AD
experience inadequacies in their daily living activities and
their quality of life gradually decreases (2-4).

Many studies on upper extremity performance have docu-
mented that manual dexterity declines in patients with AD
(5,6). Ott et al. reported that there was a decrease in finger
tapping speed with the right index finger in patients with AD
compared to the healthy controls of the same age group
(5). Kluger et al. reported that finger tapping speed, fine
motor function, and complex motor function decreased in
patients with AD. In their study, they also noted that motor
impairment is a crucial factor in cognitive decline in older
adults and that psychomotor/motor assessments can be
used to identify individuals impacted by the early stages of
AD pathology in a manner similar to standard cognitive fun-
ction testing (6). Suzumura et al. indicated that there was a
decrease in finger dexterity in the in patients with AD and
that this was also associated with a decrease in cognitive
functions (7). In another study, it was shown that the degree
of cognitive impairment was associated with slowing down
in fine motor skill measurement and that cognition and fine
motor skills were related to activities of daily living (8). Alt-
hough these results show how important it is to evaluate
manual dexterity in AD, it seems that there are not enough
studies on bilateral manual dexterity evaluation in patients
with AD.

Ideal trunk control reduces postural instability before and
during limbs movement, responds to external perturbati-
ons, affects one-leg standing, and increases the dexterity
and force of the limbs (9). Trunk control has been shown to
decrease in patients with AD and is associated with fear of
falling, functional mobility, gait, and balance (10). Balance
is a fundamental motor function needed for both dynamic
and static daily tasks to be carried out safely and steadily,
is impaired in patients with AD compared with healthy ol-
der adults (11). Clinical studies have shown that impaired
balance becomes more common as the severity of AD
increases that executive function plays an important role
in balance control in patients with AD (12). In clinical prac-
tice, it is suggested that trunk control and balance make an
important contribution to voluntary upper extremity function,
including motor control and manual dexterity. However, it
appears that the relationship between manual dexterity and
trunk control and balance has not been examined in pa-
tients with AD. Because of this, authors think that manual

dexterity may be compromised in patients with AD as oppo-
sed to healthy older persons and may be linked to balance
and trunk control in patients with AD. It was therefore the
goal of this study to evaluate manual dexterity in patients
with AD and in healthy older adults and to look into the as-
sociation between manual dexterity and balance and trunk
control in patients with AD. The hypotheses of the present
study was manual dexterity was affected in patients with AD
compared to healthy older adults, and manual dexterity was
related with balance and trunk control in patients with AD.

MATERIAL and METHODS

Study Design

This cross-sectional investigation was carried out in the
neurology department of the Gazi University Faculty of
Medicine, between January 2023 and July 2023. The par-
ticipants in this study were advised of the process and gi-
ven written consent. The ethical guidelines outlined in the
Helsinki Declaration were followed when conducting this
investigation. Written ethical approval was obtained from
Gazi University Clinical Research Ethics Committee on
16.05.2022. (Decision Number: 352). Written consent was
obtained from all patients who volunteered to participate in
the study.

Participants

The study comprised 35 patients with AD who had been gi-
ven a neurologist’s diagnosis as well as 35 healthy older
adults of the same gender and age. These were the inc-
lusion criteria for patients with AD: having a diagnosis of
AD based on the ARDRA/NINCDS diagnostic criteria by a
neurologist, scoring a minimum of 10 on the Mini Mental
State Examination (MMSE), possessing a 0,5-2 clinical
dementia assessment scale score (mild to moderate de-
mentia), and having an independent walking ability with or
without an assistive device (13, 14). Having a history of any
other neurological conditions, as well as having an orthope-
dic, rheumatic, or other vestibular ailment that could impair
balance and manual dexterity, were the exclusion criteria
for patients with AD. Having an MMSE score of more than
24 was the admission criterion for healthy individuals, while
the exclusion criteria were as follows: having any neurologi-
cal condition, or having a vestibular, rheumatic, or orthopae-
dic condition that could impair balance and manual dexterity.

Procedure

The demographic and clinical traits of both patients with AD
and and healthy older adults were noted. The same asses-
sor conducted each assessment in a distraction-free, calm
setting, and the outcome measurements were taken in the
same order. Every participant received a two-minute rest
break during the assessments.
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Outcome Measures

The Nine Hole Peg Test (NHPT), a reliable and valid test,
was used to evaluate manual dexterity. During the test, par-
ticipants use only one hand to pick up nine pegs one by one
and insert them into the holes as quickly as possible. Then
participants place the pegs back into the container, one by
one, as quickly as possible. The completion time of the test
is recorded using a stopwatch. The NHPT is performed th-
ree times for each hand and lower time indicates better ma-
nual dexterity (15, 16).

The Berg Balance Scale (BBS) is designed to evaluate fun-
ctional balance. The balance levels of individuals is asses-
sed using 14 functional activities. In the test, each item is
scored between 0 (inability to perform the activity) and 4
(independent performance of the activity) according to the
performance of the participants. The total score ranges
from 0-56, with higher scores referring better balance fun-
ction (17).

The Four Square Step Test (FSST) evaluates dynamic ba-
lance. In the test, 4 squares are formed by placing 2 canes
on a flat surface. All squares are numbered. The participant
is asked to step on the floor as fast as possible with both
feet in each square in a certain number order. The test
completion time is recorded and lower time indicates better
dynamic balance ability (18).

The One Leg Standing Test (OLST) is used to assess static
balance. The test is performed by crossing the hands on the
chest with the eyes open and asking the participant to lift
one foot and stand on the limb on the floor without touching
the floor. The test starts with the individual lifting his/her foot
and ends when the foot in the air touches the floor, touches
the other leg or when the individual’s arms are separated
from the trunk. It is expected to maintain the position for 30
seconds. The test time is recorded. Longer test time indica-
tes better balance (19).

The Trunk Impairment Scale (TIS) used for the assessment
of trunk control, which consists of 3 subscales evaluating
the trunk. These include trunk coordination, dynamic sitting
balance, and static sitting balance. The subscales have res-
pective maximum scores of 7, 10, and 6. The total score
goes from 0 to 23. Higher scores indicate better trunk cont-
rol (20).

Statistical Analysis

To determine the necessary sample size for the investiga-
tion, authors utilized the G*Power software program (21). As
a result of the calculation made using research data which
the total number of samples is 32, for the correlation analy-
sis, the research’s correlation value was determined to be
-0.669, and its power (1-) was assessed to be 0.99 with a
5% margin of error (a= 0.05). The statistical software packa-

ge Statistical Package for Social Sciences (SPSS) Version
22 was used to perform the statistical analysis of the data.
Utilizing the Shapiro-Wilk test, data normalcy was exami-
ned. Normally distributed data are represented by the mean
and standard deviation, while non-normally distributed data
are represented by the median (IQR25-75). The gender and
dominant side variables are shown as percentages (%) and
frequencies. The differences between the groups in terms
of gender and dominant side were assessed with Pearson
Chi-square test. The Independent Samples T-Test was used
to examine intergroup differences. Using a Spearman and
Pearson correlation analysis, the relationship between the
variables in patients with AD was ascertained. Alpha was
set at <0.05 for statistical significance. Correlation analysis
results were categorized as follows: 0.81-1.00 (very good
correlation), 0.61-0.80 (good correlation), 0.41-0.60 (mode-
rate correlation), 0.21-0.40 (fair correlation), and 0.00-0.20
(poor correlation).

RESULTS

For the study, 35 patients with AD and 35 healthy older un-
derwent screening. Three individuals in each group did not
fit the requirements for inclusion. As a result, with 32 pa-
tients with AD and 32 healthy older adults, the study was
finished.

Table 1 provides information on the participants’ demograp-
hics and illness characteristics. There were no significant
differences between the groups in terms of age, weight, he-
ight, body mass index, gender and dominant side (p>0,05,
Table 1). The MMSE scores of patients with AD and healty
older adults differed significantly (p<0.05, Table 1).

The dominant and nondominant NHPT results of patients
with AD were 32.91+7.62 and 33.83+7.33 seconds, respe-
ctively. The dominant and nondominant NHPT results of
healthy controls were 25.81+5.02 and 26.44+4.81 seconds,
respectively. The findings of the dominant and nondomi-
nant NHPT in patients with AD and in healthy controls were
compared, and the results indicated a substantial difference
(p<0.05, Figure 1).

When manual dexterity and balance were examined, it was
found that in patients with AD, dominant and nondominant
NHPT were negatively correlated with BBS between mode-
rate and good levels, positively and moderately correlated
with FSST, negatively correlated with OLST between mode-
rate and good levels (r between -0.511 and -0.669; p<0.05
for all).

When manual dexterity and trunk control were examined, it
was found that dominant and nondominant NHPT were cor-
related with all subparameters and total point of TIS betwe-
en fair and good levels in patients with AD (r between -0,375
and -0,755; p<0,05 for all, Table 2).
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Table 1: The groups’ clinical and demographic characteristics.

Characteristics Patients with Alzheimer’s Disease (n=32) Healthy Controls (n=32) p

Age, years, X+S 74.59+6.53 73.66+5.60 0.5402

Height cm, XS 166.88+10.86 169.13+9.14 0.373°

Weight kg, X+S 74.66+11.21 72.56+9.33 0.4202

BMI, kg/m2, X+S 26.82+3.32 25.43+3.13 0.0892

MMSE, point, X+S 19.84+3.28 27.41+1.58 <0.001°
Female 15 (46.9) 14 (43.7)

Gender, n (%) 0.802°
Male 17 (53.1) 18 (56.3)

) ) Right 31 (96.9) 32 (100)

Dominant side, n (%) 0.313°
Left 1(3.1) 0(0)

Duration of iliness, years, X+S 4.57+2.34 NA NA

p<0.05; cm: centimeter; kg: kilogram; m: metre; MMSE: Mini Mental State Examination; BMI: Body Mass Index; NA: Not applicable,
a: Independent Samples T-Test; b: Chi-Square Test; SD: Standard deviation; X: Mean

Table 2: The relationship between manual dexterity, balance, and trunk control in patients with Alzheimer’s Disease.

NHPT
Dominant Nondominant
Variables r P r p
BBS, score, XS 51.19+3.37 -0.669 <0.0012 -0.581 <0.0012
FSST, second, X+S 13.57+3.78 0.559 <0.001° 0.527 0.0022
OLST, second, X+S 5.23+£3.15 -0.511 0.003° -0.629 <0.0012

Static seating balance, Median (IQR25-75) 8.00 (7.00-10.00) -0.595 0.001° -0.487 0.005°
Dynamic seating balance, Median (IQR25-75)  6.00 (5.00-7.00) 0.630 <0.001° 0.606 <0.001°
Coordination, X+S 4.41+1.48 -0.375 0.0352 -0.398 0.0242
Total, XS 18.44+3.05 -0.755 <0.001° -0.716 <0.001°

p<0.05; a: Pearson Correlation Analysis; b: Spearman Correlation Analysis; r: Correlation coefficient; NHPT: Nine Hole Peg Test; BSS: Berg
Balance Scale; OLST: One Leg Stance Test; FSST: Four Square Step Test; TIS: Trunk Impairment Scale; IQR: Inter quartile range; SD:
Standard deviation; X: Mean

TIS, score

40.00
*p<0.001* *p<0.001*
- T @  Patients with Alzheimer’s Disease
35.00 @  Healthy controls
[ ]

@ [
Q —_—
=
= 30.00
o
T
4

25,00

20.00 p ; - . . .

Dominant hand Nondominant hand Figure 1: Comparison of the
p<0.05; a: Independent Samples T-Test; NHPT: Nine Hole Peg Test; s: second dominant and r]ondomlnant
manual dexterity of the groups.
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DISCUSSION

The goal of this study was to compare the manual dexterity
of patients with AD and healthy older adults, and look into
the relationship between manual dexterity and balance and
trunk control in patients with AD. Our findings indicate that
manual dexterity was impacted in patients with AD when
compared to healthy older adults, and that manual dexterity
was linked to balance and trunk control in patients with AD.
This is the first study that, as far as authors know, demons-
trates the relationship between balance, manual dexterity,
and trunk control in patients with AD.

In previous studies in which upper extremity function, man-
ual-finger dexterity and speed were investigated in patients
with AD, it was shown that these parameters were affected
compared to healthy older adults (5-8). Regarding the se-
verity of AD, it has been shown that decreased dexterity
and movement speed in the dominant hand occur as the
disease progresses (22-24). Hebert et al. found that upper
extremity performance was associated with and functional
impairment in patients with AD, and stated that motor perfor-
mance contributed to functional impairments independently
of cognitive impairment (25). Similarly, in the present study,
it was shown that dominant and nondominant NHPT dura-
tions were higher in patients with AD compared to healthy
individuals. These results suggest that bilateral manual
dexterity is affected in patients with AD. Because of this, bi-
lateral hand functions should be evaluated in patients with
AD from an early stage and practices to improve manual
dexterity should be included in rehabilitation protocols.

Alzheimer’s Disease is an important neurodegenerative
disease that affects the daily life activities of the individual
due to its negative effects on motor function (26). Therefore,
determining the factors that negatively affect hand functions
is an important issue for rehabilitation applications. In this
study, balance and trunk control were shown to be related
to upper extremity performance in patients with AD. Pre-
vious studies have shown that balance and trunk control
are related to upper limb function and/or manual dexterity in
the elderly, Parkinson’s disease patients, multiple sclerosis
patients, stroke patients, healthy individuals and children
(27-34).

Kalkan et al. evaluated manual dexterity bilaterally with the
NHPT and postural control with the Limit of Stability Test
using a computerised balance measurement device in pa-
tients with Parkinson’s disease over 65 years of age and
stated that manual dexterity was related to postural control
(27). In their study, Séke et al. evaluated manual dexterity
with NHPT and postural control withh BSS in elderly indi-
viduals aged 65 years and older and reported that manual
dexterity was related to postural control (28). These studies
are pertinent to our findings because they shed light on the
relationship between manual dexterity and upper extremity

function with balance. Proximal stability contributes to the
mobility of distal segments and limb functionality. In rela-
tion to this, postural adjustments provide proximal stability
for distal mobility (10, 27). Therefore, we think that postural
control disorders may also affect manual dexterity by de-
creasing proximal stability in patients with AD.

Studies evaluating trunk control and dexterity have shown
that trunk control is associated with dexterity, which is con-
sistent with the results of our study. Korkmaz et al. showed
that decreased upper extremity and hand function was as-
sociated with trunk control in patients with Multiple Sclerosis
(29). Ozkul et al. stated that upper extremity function was
related to core stability in patients with Multiple Sclerosis
(30). Wee et al. showed that external trunk support applica-
tion increased function of upper extremity in chronic stroke
patients. These results suggest that stabilising or physically
restricting the trunk improves upper limb function (31). Fuiji-
ta et al. evaluated the trunk muscles responsible for postur-
al stability and showed that stroke patients with weak trunk
muscles were more dependent on activities of daily living
requiring upper extremity function such as dressing, toilet
use and transfer activities than stroke patients without weak
trunk muscles (32). Miyake et al. stated that trunk stabili-
ty provides shoulder movement in healthy individuals, and
shoulder stability improves elbow, wrist and finger move-
ments (33). Lehman et al. stated that in healthy individuals,
the transversus abdominus and multifidus muscles contract
50 msec before shoulder movements to provide trunk sta-
bilisation (34). These studies are pertinent to our findings
because they shed light on the relationship between dex-
terity and upper extremity function with trunk control. In or-
der to perform upper limb functions like reaching, gripping,
and moving items, the shoulder girdle must be dynamically
stable over a stationary trunk and the head and arms must
move independently of the shoulders. The trunk is thought
to play a complementary role in postural stabilisation by
supporting the control of the extremities during task perfor-
mance, and a stable trunk provides a solid foundation for
the moment produced by the limbs (35-38). All these rela-
tionships and the results of our study suggest that static, dy-
namic and functional balance and trunk control are obvious
prerequisites for better manual dexterity in patients with AD,
as shown in healthy individuals and other disease groups.

This study has several limitations. First off, the study only
covered mildly affected patients with AD, so its findings can-
not be generalized to all AD. Our study’s second limitation is
that it solely assessed manual dexterity; the functions of the
upper extremities were not specifically investigated. The
third limitation of our study is that conditions such as stroke,
trauma, blood pressure and diabetes that may affect neuro-
logic evaluations were not evaluated and were not included
in the exclusion criteria (39).
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In conclusion, this study demonstrated that manual dexter-
ity was affected in patients with AD compared to healthy
older adults and manual dexterity was related to balance
and trunk control in patients with AD. For this reason, domi-
nant and nondominat hand functions should be evaluated in
patients with AD from an early stage, practices to improve
manual dexterity should be included in rehabilitation proto-
cols and it should not be ignored that practices that impro-
ve balance and trunk control may have positive effects on
hand functions.
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