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ABSTRACT

Objective Cervical proprioception plays a crucial role in posture and movement control. This study aimed to determine the
relationships of cervical proprioception, cervical muscle strength and endurance with manual dexterity and hand strength in in-
dividuals with idiopathic Parkinson’s disease (PD).

Methods Twenty individuals with PD (mean age: 63.9 years) and 20 healthy individuals as a control group (mean age: 61.9
years) were recruited. Cervical joint position error (JPE), static endurance of neck muscles, activation of deep cervical flexor mus-
cles (Craniocervical Flexion Test, CCFT), manual dexterity (Purdue Pegboard Test, PPT), cognitive and motor tasks of the PPT,
finger tapping test (FT'T), pinch strength, and grip strength were assessed.

Results Cervical JPE was significantly higher in individuals with PD than in controls (p < 0.05). The strength and endurance of
the cervical muscles were significantly decreased in individuals with PD (p < 0.05). Cervical JPE measurements were negatively
correlated with PPT, cognitive and motor tasks of the PPT in individuals with PD (all p < 0.05). The endurance of cervical flexor
muscles was negatively correlated with PPT and cognitive PPT scores in the PD group (p < 0.05). In addition, a significant posi-
tive correlation was found between cervical flexor endurance and hand strength in the PD group (p < 0.05).

Conclusion
pared to healthy individuals. Impairment of cervical proprioception appears to be associated with poorer upper extremity perfor-
mance. Detailed evaluation of the cervical region in PD may help determine the factors affecting upper extremity function.

Cervical proprioception and the strength and endurance of cervical muscles decrease in individuals with PD com-
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INTRODUCTION

Parkinson’s disease (PD) is a progressive neurodegenerative
disease that involves dopaminergic neurons in the basal gan-
glia.! PD, characterized by disruptive movement disorders, causes
progressive limitations in upper extremity activities such as
reaching, grasping, and fine motor skills from the early stages.”
Although the exact cause of manual dexterity loss is unknown,
fine dexterity disorders can be observed in patients, especially
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due to bradykinesia, hypokinesia, tremor, and rigidity.>> Due
to bradykinesia, reaching out, grasping, and manipulating be-
come difficult.* Reduction in handwriting size (micrography),
difficulty with activities such as buttoning and brushing, and a
decrease in arm swing occur.”” Impairment in finger torque
production and control may reduce manipulation ability, while
limb kinetic apraxia may hinder daily living skills.>* All these
symptoms lead to the deterioration of upper extremity functions
and, as the disease progresses, limitations in activities of daily
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living and a decrease in quality of life.*

Proprioception is a sense that includes the perception of joint
position and movement and provides afferent input to the cen-
tral nervous system for motor planning.*” Accurate motor move-
ment is ensured by well-integrated and intact information from
the visual, vestibular, and somatosensory systems, especially the
proprioception system.” Impairment of proprioception leads to
changes in the accuracy and timing of motor commands and
affects movement control.® Cervical proprioception is defined
as the perception of the position of the head or neck in space
and requires a complex interaction between afferent and effer-
ent receptors. Muscle spindles are the main proprioceptors in
the cervical region. In addition, Golgi tendon organs, cutaneous
receptors, and joint receptors provide afferent information.®
Cervical proprioceptors make central and reflex connections
with vestibular, visual, and postural control systems.” Especially
in deep cervical muscles, the density of muscle spindles is ex-
tremely high.” Therefore, the deep cervical muscles are thought
to provide stability and postural support by fine-tuning cervi-
cal motion.® Normally, proprioceptive information from cervical
muscle spindles is integrated into the central nervous system to
control head position, orientation, and body posture. A change in
the afferent information-providing structures of the cervical
region also changes the information transmitted to the central
nervous system.’

The relationship between cervical proprioception and upper
extremity proprioception in healthy individuals and in various
disease groups has been investigated,'”** but to the best of our
knowledge, there has been no such study in PD. Investigating
the relationship between the cervical region and upper extremi-
ty function will be useful in determining the factors affecting
the performance of the upper extremity in PD. Therefore, this
study aimed to investigate how cervical proprioception, cervi-
cal muscle strength and endurance are related to manual dex-
terity and hand strength in individuals with PD. This study
tested two hypotheses: 1) The sense of proprioception in the
cervical region and the strength and endurance of the cervical
muscles are weaker in PD than healthy individuals. 2) The sense
of proprioception in the cervical region and the strength and
endurance of the cervical muscles are correlated with manual
dexterity and hand strength in Parkinson’s patients.

MATERIALS & METHODS

Study design

In this cross-sectional study, 20 individuals with PD and 20
healthy age- and sex-matched individuals as controls were
evaluated for cervical proprioception, cervical muscle strength
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and endurance, manual dexterity, and hand strength. This study
was conducted between March 2022 and August 2022. The
study was conducted in accordance with the Helsinki Declara-
tion. For the study, ethics approval was received from Erciyes
University Clinical Research Ethics Committee (date 09.03.2022,
No. 2022/218). A written informed consent form was received
from each participant.

Participants

Patients who were diagnosed with idiopathic PD according to
the United Kingdom Brain Bank Parkinson’s Disease criteria,
were aged > 40 years, had Hoehn-Yahr Staging < 3, had a Mini-
Mental State Examination (MMSE) Score > 24, received only
oral medical treatment, and had no change in medical treatment
for PD in the last month were included in the study. Patients
who received device-assisted therapy; received apomorphine
therapy; took medications that could affect cognitive function
(such as antidepressants); had orthopedic, neurological, and ves-
tibular problems other than PD; or had hearing and speech
problems were excluded from the study. All patients with PD
were evaluated in the “on” (drug-effective) period, when they
were not currently receiving rehabilitation (they were only fol-
lowed up with an intermittent home program). Healthy indi-
viduals with similar characteristics to the PD group in terms of
age and sex, had a Mini-Mental Test Score > 24 and had no or-
thopedic, neurological, or vestibular problems were included
as a control group.

Evaluations

Unified Parkinson’s Disease Rating Scale

The activities of daily living and motor subscores of the Uni-
fied Parkinson’s Disease Rating Scale (UPDRS) were evaluated.
Items 20 (resting tremor), 21 (action or postural tremor), 22 (ri-
gidity) and 23 (finger tapping) were accepted as symptoms of
PD with associated hand function. Item 28 (posture) was used
to assess postural change. Each item was scored between 0 and
4, a lower score indicating better status.

Joint position error

Flexion, extension, right rotation, and left rotation joint posi-
tion error (JPE) were evaluated with a laser kit (Motion Guid-
ance Clinic Kit, Motion Guidance LLC, Denver, CO, USA) for
the proprioception sense of the cervical region. The laser kit
was placed on the head of the participants, and they were asked
to sit in a comfortable position 90 cm from the target point
(Figure 1A). After closing their eyes, they were asked to indi-
cate the neutral position of the head and memorize it to return
after movement, and this point was recorded as a reference. In



the next step, they were asked to return to the initial reference
position with maximum accuracy, without any speed instruction,
after performing a maximum cervical movement, and to stop
and say “OK” when they thought that they had reached the tar-
get. The point at which the light beam stopped was recorded as
the overall error, measured in centimeters (cm), relative to the
center of the previously recorded target. Five repetitions were
performed for each direction, and their average was taken.”

Craniocervical Flexion Test

Craniocervical Flexion Test (CCFT) was used to evaluate the
control of deep cervical flexor muscles. A pressure sensor (Sta-
bilizer, Chattanooga, TN, USA) was placed between the ear-
lobe and the chin projection while the participant was in the
supine hook lying position. The participants were asked to
perform craniocervical flexion movement with the feedback of
the pressure sensor increasing in 2 mmHg increments starting
from 20 mmHg and ending at 30 mmHg. The activation score
and performance index were recorded. The pressure level that
could hold ten repetitions for 10 seconds was recorded for the
activation score. The performance index was calculated ac-
cording to the number of repetitions at the pressure level that
they could hold for 10 seconds.'

Neck flexor muscle endurance test

The participants were asked to raise their head while lying in
the supine hooked position, and the head weight was support-
ed by the hand of the evaluator under the occiput in this posi-
tion (Figure 1B). They were then asked to bring their head
slightly to the craniocervical flexion position. After learning the
position, the time they were able to maintain the craniocervical
flexion position by slightly lifting their head from the evaluator’s
fingers was recorded (Figure 1C). This was all done a second
time after 5 minutes of rest, and the best value was accepted as
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the result."”

Neck extensor muscle endurance test

The participants were fixed to the bed at the level of the T6
vertebrae while lying in the prone position with the arms at the
side and the head and neck out of the bed. A laser kit was placed
on their head to observe the deviation in head position during
the test. In this position, they were asked to lift the weight (4 kg
for males, 2 kg for females) attached by Velcro just above the
ears. The test began with the participants bringing their head
to a slightly craniocervical flexion against the weight, and the
time held was recorded. With reference to the displacement of
the laser beam, the test was terminated when the head deviated
more than 5° from the initial position for a minimum of five sec-
onds once or when it slightly deviated more than five times. The
expected target time to complete the test was 600 seconds."®

Purdue Pegboard Test and dual task

The Purdue Pegboard Test (PPT) is used to assess manual
dexterity. In the first three steps of the test, which consisted of
five substeps, the participants were asked to place as many pins
as possible into the holes with the right hand (step one), left
hand (step two), and both hands (step three) for 30 seconds. The
score of each step at the end of the time was recorded. In the
fourth step, the sum of the first three evaluation results was cal-
culated. Finally, in the assembly step, the participants put pins,
washers, and collars on top by using both hands together within
60 seconds. The score of the fifth step was obtained by multiply-
ing the number of pins, washers, and collars placed within 60
seconds by 4."” Dual-task performance was evaluated by adding
the cognitive and motor task performance during the PPT. Ac-
cording to the educational status of the participants, their cogni-
tive task was to subtract a series of threes and sevens starting
from a randomly selected number between 290 and 310, count-

Figure 1. A: Joint position error measurement. B: Neck flexor muscle endurance test (initial position). C: Neck flexor muscle endurance test
(measurement).
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ing names/cities starting with a specific letter, or counting down
the days of the week starting from a randomly selected day. The
participants were asked to tap their foot with the less affected
side (PD group) or the nondominant side (control group) as a
motor task. Scores were calculated as for the PPT.

Finger tapping test

Motor speed was assessed using the finger tapping test (FTT).
Participants were asked to place the forearm on the table in the
pronated position while sitting and to touch a designated area
as quickly as possible using their index fingers. The number of
taps in 60 seconds was recorded.”

Grip strength and pinch strength

The participants’ hand grip strength (HGS) was evaluated
with a hand dynamometer (Saechan SH5001 Hydraulic Hand
Dynamometer, Saechan Corporation, Masan, Korea), and pinch
strength was evaluated with a pinch meter (Saechan SH5005 Hy-
draulic Pinch Gauge, Saehan Corporation, Masan, Korea). HGS
measurement was performed as recommended by the Ameri-
can Association of Hand Therapists. In the sitting position,
with the shoulder in adduction, the elbow at 90° flexion, and the
forearm in the neutral position, the participants did three repe-
titions with the right side and three with the left side at one-
minute intervals, and the averages were recorded. Pinch force
was measured at one-minute intervals, with three repetitions in
three standard positions: the palmar grip, tip grip, and lateral
grip. The averages were recorded.”

Statistical analysis

Statistical analysis was conducted using IBM SPSS 23.0 soft-
ware (IBM Corp., Armonk, NY, USA). Data are presented as
percentages or means with standard deviations. Baseline de-
scriptive statistics are reported, and the Shapiro-Wilk test was
used to test for normality. Qualitative variables were compared
between groups by the chi-square test. The analysis of covariance
(ANCOVA) was conducted to compare cervical JPE, cervical
muscle strength and endurance, manual dexterity, and hand
strength differences between groups, and variables were adjusted
for age, sex and disease duration. The Mann-Whitney U test was
conducted to compare PD patients with different posture scores.
Pearson’s partial correlation was run to assess the relationship
between cervical JPE and muscle strength and endurance with
manual dexterity and hand strength after controlling for age,
disease duration, action tremor, resting tremor, bradykinesia
and rigidity factors in patients with PD. Pearson’s correlation
test was used to assess the relationship of cervical JPE, cervical
muscle strength and endurance with manual dexterity and
hand strength among healthy controls. We estimated that a
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sample size of 20 for each group would have a 95% confidence
level and 90% power to detect a significant difference in manual
dexterity score between Parkinson’s and healthy individuals,
which indicates an effect size of 1.13.”

RESULTS

The demographic and clinical characteristics of the partici-
pants are given in Table 1. There was no significant difference
between the PD and control groups regarding age, sex, height, or
weight.

When the PD and control groups were compared, the en-
durance of the cervical flexor and extensor muscles (p = 0.017,
p <0.001) and CCFT result (performance index: p = 0.001)
were significantly lower in the PD group. Cervical JPE (flexion:
p = 0.039, right rotation: p = 0.018, left rotation: p = 0.019) was
significantly higher in the PD group. PPT (p < 0.001), the cogni-
tive task of the PPT (p < 0.001), the motor task of the PPT (p <
0.001), and the FTT score (dominant: p = 0.015, nondominant
p = 0.036) were significantly lower in the PD group. HGS (domi-
nant: p = 0.020, nondominant: p = 0.003) and tip pinch strength
(dominant: p = 0.039, nondominant: p = 0.001) were significant-
ly lower in the PD group for both hands. There was no signifi-
cant difference between the groups regarding palmar or lateral
pinch strength (p > 0.05) (Table 2).

Comparing participants with a UPDRS posture score of 1
and > 1, the cervical extensor endurance was significantly lower
in those with a posture score of > 1 (p = 0.005) (Table 3). In the
PD group, cervical flexion JPE with PPT (less affected hand: r =
-0.590, p = 0.026; both hands: r = -0.592, p = 0.026; total: r =
-0.626, p = 0.017), the cognitive task of the PPT (both hands:
r =-0.668, p = 0.009) and motor task of the PPT (both hands:
r=-0.601, p = 0.023; total: r = -0.557, p = 0.038; assembly: r =
-0.597, p = 0.024) measurement results were negatively corre-
lated (p < 0.05) (Table 4). While there was a positive correlation
of cervical flexor endurance with HGS (most affected hand: r =
0.584, p = 0.028, less affected hand: r = 0.692, p = 0.006), tip
pinch strength (most affected hand: = 0.538, p = 0.047) and
palmar pinch strength (most affected hand: r = 0.649, p = 0.012,
less affected hand: r = 0.556, p = 0.039), a negative correlation
was found with PPT (most affected hand: r = -0.543, p = 0.045;
both hands: r = -0.550, p = 0.041; total: r = -0.561, p = 0.037;
assembly: 7 = -0.684, p = 0.007) and cognitive task of the PPT
(most affected hand: r = -0.667, p = 0.009; both hands: r = -0.619,
p =0.018; total: r = -0.603, p = 0.022). There was a negative cor-
relation between the endurance of cervical extensors and the
measurement results of the cognitive task of the PPT (less affect-
ed hand: r = -0.699, p = 0.005). In addition, there was a negative
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Table 1. The demographic and clinical characteristics of participants

PD (n=20) Healthy controls (n = 20) p value
Age, yr 63.9 + 9.93 (42-80) 61.9 + 10 (45-78) 0.531
Sex 0.744
Female 7 (35) 8 (40)
Male 13 (65) 12 (60)
Height, cm 168 + 12.8 (152-196) 167 = 8.48 (151-183) 0.873
Weight, kg 82.1 £ 12.9 (65-105) 78.3 £ 13.2 (58-105) 0.357
MMSE 27.1+£225 29.8 +0.41 <0.001
Occupation 0.059
Housewife 6 (30) (25)
Retired 11 (55) (35)
Employee 3 (15) 8 (40)
Dominant handedness 0.292
Right 19 (95) 17 (85)
Left 1(5) 3 (15)
Disease duration, yr 3.85 + 3.42 (0.4-14) n/a -
Hoehn and Yahr stage
1 13 (65) n/a -
1.5 2 (10) n/a -
2 4 (20) n/a -
25 1(5) n/a -
UPDRS ADL score 11.85 + 4.25 (5-19) n/a -
UPDRS total motor score 15.1 + 4.53 (7-25) n/a -
Rest tremor score 0.6 £ 0.82 (0-2) n/a -
Action tremor score 0.65 £ 0.49 (0-1) n/a -
Bradykinesia score 1.55 £ 0.83 (1-3) n/a -
Rigidity score 1.5+ 0.95 (1-4) n/a -
Posture 1.4+ 0.69 (1-3) n/a -
Side most affected
Right 8 (40) n/a -
Left 12 (60) n/a -

Data are presented as mean * standard deviation (min-max) or n (%) unless otherwise indicated.
PD, Parkinson’s disease; MMSE, Mini-Mental State Examination; UPDRS, Unified Parkinson’s Disease Rating Scale; ADL, activities of daily living;

n/a, not applicable.

correlation between the CCFT performance index and PPT
(assembly: r = -0.577, p = 0.031) measurement results (Table 4).

Cervical extension JPE was negatively correlated with PPT
score (dominant hand: r = -0.447, p = 0.048; assembly: r =
-0.541, p = 0.014), the cognitive task of the PPT (both hands: r =
-0.469, p = 0.037; total: r = -0.445, p = 0.049; assembly: r = -0.511,
p = 0.021) and the motor task of the PPT (dominant hand: r =
-0.459, p = 0.042; nondominant hand: r = -0.624, p = 0.003; both
hands: r=-0.703, p = 0.001; total: r = -0.630, p = 0.003; assembly:
r =-0.478, p = 0.033) in the healthy individuals. The cognitive
task of the PPT was positively correlated with cervical extensor
endurance, CCFT activation score, and CCFT performance in-
dex (p < 0.05). There was a positive correlation of cervical flexor
endurance, cervical extensor endurance, and CCFT perfor-

mance index with HGS measurements (p < 0.05). There was a
positive correlation of cervical extensor endurance, CCFT acti-
vation score and CCFT performance index with pinch strength
measurements (p < 0.05) (Table 5).

DISCUSSION

This cross-sectional study investigated the effects of cervical
proprioception and cervical muscle strength and endurance on
manual dexterity and hand strength in individuals with PD.
Compared to healthy individuals, cervical proprioception and
cervical muscle strength and endurance were significantly de-
creased in individuals with PD. Good performance on manual
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Table 2. The comparison of cervical JPE, cervical muscle strength and endurance, manual dexterity and hand strength between individuals
with PD and healthy controls

PD (n = 20) Healthy controls (n = 20) p value
Cervical JPE
Flexion 10.1 £ 3.89 538 2t 3L 11% 0.039*
Extension 125+ 5.71 7.99 +4.54 0.129
Right rotation 13.2+£6.47 6.03 £ 3.17 0.018*
Left rotation 14.5+8.97 6.04 +3.72 0.019*
Cervical muscle strength and endurance tests
CCFT activation score 0.9 £1.02 2+1.59 0.148
CCFT performance index 8.7+£5.93 252+125 0.001*
Flexor endurance 23.8+13.9 449227 0.017*
Extensor endurance 58.3 £ 38.1 223.7 £ 841 <0.001*
Manuel dexterity
PPT
Dominant hand 8.85+27 14.3 £ 1.97 <0.001*
Non-dominant hand 8.7 +227 13.5+2.14 <0.001*
Both hands 621 10.3£1.39 <0.001*
Total 23.5*6.41 38+4.72 <0.001*
Assembly task 13+4.08 24.4 +6.07 <0.001*
Cognitive tasks of the PPT
Dominant hand 6.65 + 2.74 125+1.93 <0.001*
Non-dominant hand 6.5+ 248 11.7 £ 2.39 <0.001*
Both hands 5151213 9.5+ 1.76 <0.001*
Total 18.3 £6.99 33.6 £5.72 <0.001*
Assembly task 8+ 3.67 16.8 £5.89 <0.001*
Motor tasks of the PPT
Dominant hand 9+264 14.3 £2.31 <0.001*
Non-dominant hand 8.4 +2.66 13.1 £2.35 <0.001*
Both hands 5.25+245 10.6 £2.16 <0.001*
Total 226712 379+6.42 <0.001*
Assembly task 11.8+5.73 24 +7.11 <0.001*
FTT
Dominant hand 137 £28.7 169 £ 33.4 0.015*
Non-dominant hand 136 £ 31.4 164 = 34.4 0.036*
Hand strength
Grip strength, kg
Dominant hand 26.8+95 33.1£9.65 0.020*
Non-dominant hand 242 +8.93 31.1 £9.66 0.003*
Tip pinch, kg
Dominant hand 5.79 £ 1.49 7.51+245 0.039*
Non-dominant hand 541%1.13 6.99 £ 1.72 0.001*
Palmar pinch, kg
Dominant hand 6.85+1.8 7.88 +1.84 0.151
Non-dominant hand 6.48 + 1.85 7.23+1.68 0.073
Lateral pinch, kg
Dominant hand 8.84 +2.48 9.44 +2.37 0.887
Non-dominant hand 8.45+2.38 8.95+2.37 0.509

Data are presented as mean * standard deviation. p value was adjusted for age, sex and disease duration using analysis of covariance (ANCOVA).
*

p value < 0.05.
JPE, joint position error; PD, Parkinson’s disease; CCFT, Craniocervical Flexion Test; PPT, Purdue Pegboard Test; FTT, finger tapping test.
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Table 3. The comparison of cervical JPE and cervical muscle strength and endurance according to posture score in individuals with PD

UPDRS posture

p value
Score =1 (n=14) Score > 1 (n=6)
Cervical JPE
Flexion 10.1 £ 2.51 10.3 + 6.42 0.508
Extension 12.1+6.24 13.4£4.61 0.386
Right rotation 125+ 4.24 14.7+10.4 0.869
Left rotation 142+7.85 156.2£12 0.680
Cervical muscle strength and endurance tests
CCFT activation score 0.71£0.99 1.33+1.03 0.214
CCFT performance index 8.43+6.14 9.33 £5.89 0.501
Flexor endurance 245+%13.9 223 %153 0.650
Extensor endurance 72.2£36.8 258 £13.6 0.005*

Data are presented as mean % standard deviation.
*p value < 0.05.

JPE, joint position error; PD, Parkinson’s disease; UPDRS, Unified Parkinson’s Disease Rating Scale; CCFT, Craniocervical Flexion Test.

dexterity tests in the PD group was associated with cervical pro-
prioception. Cervical extensor endurance was significantly lower
in individuals with PD in those with more postural deformity. In
addition, increased cervical flexor endurance was associated with
increased HGS, tip pinch strength, and palmar pinch strength.
As an interesting result of this study, a negative correlation was
found between neck flexor muscle endurance and manual dex-
terity test results. This result may have emerged due to the com-
pensation mechanisms developed by Parkinson’s patients in mul-
tijoint movements.

In this study, cervical JPE was considerably higher in individ-
uals with PD than in healthy individuals. In a previous study
examining age-related cervical JPE in healthy individuals, it was
reported that the average degree of cervical JPE was 5° for flex-
ion and 6° for extension and right-left rotation in individuals
over age 50.” While the JPE values of the healthy controls in our
study were similar to this, the values were approximately two
times higher in individuals with PD. Although there are stud-
ies™? investigating cervical proprioception in various groups,
as far as we know, this is the first study to investigate the im-
pact of cervical proprioception on individuals with PD. Studies
have also specified that cervical proprioception is affected by
postural changes.**** Ha and Sung™ reported that a temporary
forward head posture develops during 40 minutes of smart-
phone use in healthy individuals affects cervical proprioception
negatively. Lee et al.* showed that cervical proprioception de-
creases in individuals with a forward head posture, and cervi-
cal proprioception worsens as this posture becomes more severe.
Alghadir et al.* also examined the effect of different sitting po-
sitions on cervical proprioception in healthy individuals and
demonstrated that cervical proprioception changes depending
on body posture. A flexion posture typically develops due to rea-
sons such as rigidity, dystonia, impaired postural control, and soft

tissue changes in individuals with PD, and more severe postural
deformities such as camptocormia, antecollis, Pisa syndrome,
and scoliosis may also be seen in some patients.”® Alwardat et
al.”’ reported that neck disability index scores were higher in
PD patients with postural deformities such as Pisa syndrome
and camptocarmia. Forsyth et al.*® showed that increased flex-
ion posture and decreased thoracic proprioception were associ-
ated with mild to moderate PD. In the present study, the UP-
DRS score on the posture item was 1 in 70%, 2 in 20%, and 3 in
10%. These scores indicate that there are postural changes in in-
dividuals with PD, most of whom are at an early stage according
to the Hoehn Yahr Staging. We think that the decrease in cervical
proprioception in the PD group compared to the control group
may be related to the postural changes typically seen in PD.
When we compared the participants with different UPDRS
posture scores, cervical extensor endurance was significantly
lower in those with more postural deformity. Cervical muscle
spindles are the main proprioceptors of the neck and are par-
ticularly abundant in the suboccipital muscles. Changes in the
functioning of the cervical muscles affect cervical propriocep-
tion by altering the discharge of muscle spindles.” It has been re-
ported that a decrease in the endurance of cervical extensors in
healthy individuals increases the cervical JPE.*® Therefore, we
think that as the severity of postural deformities progresses, pro-
prioception may worsen along with cervical extensor endurance.

Manual dexterity, HGS and tip grip strength were decreased
in individuals with PD in this study. Various studies have shown
that manual dexterity decreases in individuals with PD compared
to healthy individuals.”** Isometric finger torque production
and control are affected in PD.” In addition, bradykinesia, trem-
or, rigidity, difficulty in sequential movements, and impaired
ability to synchronize and coordinate movements affect manual
dexterity** While the integration of proprioceptive signals, es-
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pecially visual information, has an important role in guiding and
correcting hand movements, the integration and feedback of sen-
sorimotor information into an intended motor output may also
affect hand skills in PD.* Studies have also reported that people
with mild to moderate PD have lower grip strength than healthy
controls.*** The mechanism by which grip strength decreases in
PD is not clear. It has been reported that corticospinal activation
of the muscle may be impaired due to the decrease in nigro-stri-
atal dopamine. This impairment may lead to muscle weakness
by altering motor unit uptake.* It has also been associated with
a decrease in torque production rate.”

In this study, poor upper extremity performance in the PD
group was associated with decreased cervical proprioception.
In healthy individuals, the decrease in cervical proprioception
was associated with lower upper extremity performance, while
the increase in the strength of the deep cervical muscles was as-
sociated with higher upper extremity performance. Studies have
shown a relationship between posture and upper extremity per-
formance in healthy individuals and various diseases, including
PD.>*$%7% Kwon et al.” reported that upper extremity muscle
activity was impaired by poor the head posture of healthy indi-
viduals with forward head posture and rounded shoulder pos-
ture. Gillen et al.*® examined upper extremity function under
different trunk postures in healthy individuals and reported
that the neutral position of the trunk might increase upper ex-
tremity performance. Kalkan et al.” investigated postural con-
trol and upper extremity dexterity and showed a relationship
between postural control and manual dexterity in individuals
with PD over 65 years old. Forsyth et al.”® reported that flexion
posture negatively affects upper extremity activity in individu-
als with mild and moderate PD. Alwardat et al.*® reported that
Pisa syndrome is associated with major impairments in upper
extremity function and activities of daily living in PD.

The cervical spine contains proprioceptors that sense the po-
sition and movement of neck muscles, ligaments, and joints. The
cerebellum integrates sensory feedback from the cervical region
with other sensory inputs, such as visual and vestibular informa-
tion, to modulate and improve motor commands.”® Cervical in-
put from the spinocerebellar tracts is matched against the body
schema to predict the future position of each limb' and assists
the cerebellum in regulating and coordinating movements in-
volving the neck, head, and upper extremities. It also contrib-
utes to the control of balance, postural control, head position
and fine motor skills in tasks that require precise movements
of the neck and upper body.”'*”* Therefore, changes in head
and neck position may affect the perceived position of body parts
relative to each other, the perception of the target position, and/
or the perception of body position by causing changes in pro-
prioceptive afferent information.'* Knox and Hodges" showed
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that changes in head and neck position in the absence of visual
cues in healthy individuals affect the processing of afferent sen-
sory inputs and may alter elbow proprioception. Unliier et al."!
reported that shoulder proprioception and upper extremity
function decreased due to neck pain in individuals over 65
years old. In our study, the alteration of afferent information
from the cervical region due to impaired cervical propriocep-
tion in the PD group may have affected the inner body schema
and decreased upper extremity proprioception. As a result, it is
possible that goal-oriented upper extremity skills in particular
have decreased. In a systematic review conducted by Penning-
ton et al.,” executive dysfunction, attention deficit, and visuo-
spatial difficulties were found to be associated with cognitive in-
volvement in PD. Upper extremity performance may have been
adversely affected by the distraction during goal-oriented move-
ments and the inability to obtain correct information from the
body schema, which creates a need for more internal input. This
may also explain the further decrease in upper extremity per-
formance, especially during cognitive dual tasks. In addition,
there are abnormalities in sensorimotor integration that cause
motor problems in PD. Somatosensory abnormalities are pres-
ent in PD, including decreased proprioceptive function, im-
paired haptic and tactile perception, caused errors in spatiotem-
poral discriminative sense, and altered mechanical pain
perception.*** It has been reported that such proprioceptive ab-
normalities may be associated with changes in the cortical pro-
cessing of kinesthetic signals and may also be the source of scal-
ing problems in voluntary movements.” Impaired posture and
dexterity due to these sensory abnormalities may also be a pos-
sible explanation.

Visual and muscle afferents are essential for limb propriocep-
tion during limb movement, as visual and kinesthetic inputs
must be continuously matched to predict future limb positions.
Muscle spindles, especially dense in the deep cervical muscles,
work as the main proprioceptors.' Deep cervical flexors provide
stability and maintain the neck’s neutral posture during fixed
posture or prolonged activity.® To the best of our knowledge, no
study has examined the relationship of the strength and endur-
ance of the cervical muscles with manual dexterity and hand
strength in PD. Abdelkader et al.”” specified that fatigue of the
cervical flexor muscles in healthy individuals reduces cervical
proprioception and postural stability. Radosher et al.
ed that deep cervical flexor cross-sectional area and density

indicat-

were negatively associated with upper extremity pain and dis-
ability in individuals with neck pain. Studies have also reported
in healthy individuals that cervical extensor muscle fatigue may
affect upper extremity kinesthesia and change the hand-eye
tracking path due to impaired upper extremity proprioception
in the absence of visual guidance.'®' Reece et al.** stated that



wrist proprioception was affected in individuals with neck pain
and cervical extensor muscle fatigue. In this study, we hypoth-
esized that the deterioration of the cervical neutral posture due
to the decrease in the endurance of the cervical muscles in the
PD group and the changes in the proprioceptive functioning of
the cervical muscles would affect the upper extremity negatively
by changing the body schema. As we expected, the strength and
endurance of the cervical muscles in individuals with PD were
significantly lower than those in healthy individuals, and an in-
crease in cervical flexor endurance was associated with increased
HGS and tip and palmar pinch strength. Cervical extensor en-
durance was decreased in individuals with PD who had more
postural deformity. Similarly, the increase in the strength and
endurance of the cervical muscles was associated with increased
HGS and pinch strength in healthy individuals. At the same
time, surprisingly, there was a negative correlation between the
endurance of the cervical flexors and manual dexterity. Based
on our clinical experience, we think that this negative correla-
tion may be related to the change in movement control and the
development of compensation mechanisms due to the disease
when PD patients engage in upper extremity tasks in which
more than one joint is used, independent of the decrease in the
endurance of the cervical flexors. A few studies support this
view.** To explain the mechanisms affecting manual dexterity
in PD, it would be useful to examine the response or activity of
cervical muscles during upper extremity tasks with methods such
as electromyography.

The current study had several limitations. First, upper extrem-
ity proprioception was not evaluated. Evaluation of upper ex-
tremity proprioception could also be useful to support the re-
sults of the present study, but including this measurement can be
tired the individuals with PD. The evaluation of upper extremity
proprioception may be considered in future studies. Second,
we did not adjust our threshold of significance (p < 0.05) for
multiple-hypothesis testing. We believe that this was justified
given the exploratory nature of our study, which tests hypothe-
ses concerning possible relationships of cervical proprioception,
cervical muscle strength, and endurance with manual dexterity
and hand strength in individuals with PD.

In conclusion, cervical region proprioception, the strength
and endurance of cervical muscles, manual dexterity, and hand
strength decrease in PD patients compared to healthy individu-
als. Impairment of cervical proprioception appears to be associ-
ated with poorer upper extremity performance. In treating in-
dividuals with early- and middle-stage PD, approaches to
preventing postural deformities and improving normal posture
may effectively reduce upper extremity problems. In particular,
approaches to improve cervical region proprioception can help
patients increase their upper extremity function and perform

Cervical Proprioception and Manual Dexterity in PD
Menevse O, et al.

activities that require dexterity in daily life. The findings of this
study support the importance of detailed evaluation of the cer-
vical region in PD and may lead to the development of cervical
region-focused rehabilitation programs.
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