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This study examined the influence of motor symptom asymmetry in Parkinson’s disease (PD) on Grooved Pegboard (GP)
performance in right-handed participants. The Unified Parkinson’s Disease Rating Scale was used to assess motor symptoms and
separate participants with PD into two groups (right-arm affected, left-arm affected) for comparison with a group of healthy older
adults. Participants completed the place and replace GP tasks two times with both hands. Laterality quotients were computed
to quantify performance differences between the two hands. Comparisons among the three groups indicated that when the
nonpreferred hand is affected by PD motor symptoms, superior preferred hand performance (as seen in healthy older adults)
is further exaggerated in tasks that require precision (i.e., place task). Regardless of the task, when the preferred hand is affected,
there is an evident shift to superior left-hand performance, which may inevitably manifest as a switch in hand preference. Results
add to the discussion of the relationship between handedness and motor symptom asymmetry in PD.

1. Introduction

Parkinson’s disease (PD) is defined by asymmetric motor
symptoms of tremor, rigidity, and bradykinesia [1, 2]. This
right-left asymmetry has been an influential factor when
differentiating PD from other, similar movement disorders
[3]. The reason for this symptom asymmetry is unknown;
however, it may be influenced by handedness [4]. The
functional implications of handedness and motor symptom
asymmetry are not well understood. However, Munhoz
and colleagues [5] recently reported that early onset, left-
handedness, and left-sided onset are related to long (≥20

years) ambulatory disease survival, therefore highlighting the
importance of understanding the link between handedness
and PD motor symptom asymmetry.

For approximately forty years, scientific debate has
existed surrounding whether the preferred limb is initially
vulnerable in PD [6]. Acknowledging that a dearth of lit-
erature exists analyzing the relationship between functional
laterality as reflected in relative hand performance on tests
of motor function and asymmetry of motor symptoms
associated with the disorder, recent publications have argued
whether handedness can be used to predict side of onset
of PD. Based on the hand used for writing [7], clinician
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ratings of handwriting [8], self-reported data for multiple
unilateral activities [9], self-reported dominance [10, 11],
and documented clinical examination [12], the relationship
is still under discussion. A recent systematic review and
meta-analysis concluded that a notable association between
handedness and lateralization of PD symptoms exists, such
that symptom onset is most common in the preferred hand,
regardless of hand preference [13]. Furthermore, significant
changes of premorbid hand preference have been reported.
More specifically, Štochl et al. observed a significant change
from right- to left-hand preference when PD onset was on the
right and vice versa [14].

Although a relationship has been established, previous
studies are limited in their scope of assessing handedness,
using hand preference (questionnaires and self-report) as
an exclusive means of measurement. Handedness is a mul-
tidimensional trait defined by performance and preference
[15, 16].Therefore, it is necessary to consider both dimensions
when examining handedness, motor symptom asymmetry,
and functional impairments experienced by individuals with
PD in everyday life, as assessed in the context of motor tasks.

Observing measures of performance in relation to mea-
sures of hand preference, Brown and colleagues [15] identified
the place phase of the Grooved Pegboard (GP) test as the
best performance-based measure in relation to the Waterloo
Handedness Questionnaire as a measure of preference. As
an integral component of various neuropsychological assess-
ment batteries, the GP is a standardized, objective measure
used to quantify motor functioning of the upper limbs by
means of motor speed [17]. Additionally, the GP has two
phases, which represent functional aspects of upper limb con-
trol including visuomotor ability, fine motor control (place
phase), and motor speed (replace phase). To date, the GP
has been used as a biomarker of PD associated nigrostriatal
denervation [18] and for diagnosing PD in mild-moderate
severity individuals [19].Thus, theGP is an effective, objective
tool to investigate the intricacies of handedness and upper
limb motor symptoms of PD.

Sage and colleagues [20] used the GP test to assess
upper limb motor symptom deficits in PD. However, the
complex interaction between handedness and PD symptom
asymmetry was beyond the scope of the paper. As such,
the current study aimed to further delineate the interaction
between PD upper limb motor symptoms and handedness,
using the GP as a measure of hand performance in a group of
participants with right-hand preference.

To delineate whether differences in performance were a
result of age or PDmotor symptoms, a group of healthy older
adults was included as a control. Although not to the same
extent as observed in PD, the hand-arm system is altered
in healthy aging. Decreases in muscle mass and strength
have been shown to lead to slowness, increased variability
in movement, and difficulties with coordination [21]. Studies
assessing GP performance in older adults have reported an
increase in manual asymmetries, such that older adults take
longer to performwith the nonpreferred hand [22, 23]. Based
on these observations, it was hypothesized that PD symptoms
affecting the preferred armwould lead to the most significant

Table 1: Demographic characteristics of participants with PD.

Right-side affected Left-side affected
Number 79 86
Male : female 49 : 30 54 : 32
Age M = 70.21, SD = 10.36 M = 71.78, SD = 8.32
UPDRS M = 27.46, SD = 10.30 M = 29.68, SD = 10.71
Right UPDRS M = 11.67, SD = 3.86 M = 7.92, SD = 3.83
Left UPDRS M = 7.14, SD = 4.06 M = 11.99, SD = 4.11
|Right–left| M = 5.13, SD = 3.25 M = 4.28, SD = 3.02
0.5–4.5 n = 41 n = 53
5 n = 28 n = 29
10+ n =10 n = 4

deficits in hand performance and thus lead to a shift towards
superior performance with the nonpreferred hand.

2. Methods

2.1. Participants. This study included 170 right-handed (107
male, 63 female; Mage = 71.36, SD = 9.27) participants with
PD and 103 right-handed (44 male, 59 female) healthy older
adults (ages 60+, exact ages were not recorded for all
participants). The institution research ethics board approved
the study and all participants signed informed consent before
enrolling in the study.

2.2. Procedures. While at peak anti-Parkinsonianmedication
levels,motor symptomswere assessed in participantswith PD
using the Unified Parkinson’s Disease Rating Scale (UPDRS
III). The GP test was used as a performance-based measure
of hand preference, to assess upper limb function. This
included both place and replace components of the task.
Hand preference was confirmed by self-report.

The UPDRS [24], administered by a certified and trained
evaluator, is a highly used tool for diagnosing and evaluating
PD, where the motor examination analyzes motor symptoms
and subsequent impairments. Components are scored based
on symptom severity from zero to four, where higher scores
indicate more severe motor disability. UPDRS items 20–26,
which have side-related components, were extracted from
the motor examination and used to identify the primary
side of the body affected by PD (defined by the absolute
difference between right- and left-sided clinical signs) [8,
10]. Those participants with a score of 0 (𝑛 = 5, 4 male,
1 female) indicative of equivalent symptoms on each side
were excluded from analyses. Although inclusion of these
participants may be clinically relevant and likely warrants
further investigation, assessment was beyond the scope of the
current investigation (see Supplementary Material available
online at http://dx.doi.org/10.1155/2015/307474 for analysis
including these participants). See Table 1 for a summary of
demographics for participants included in analyses.

Following GP (Lafayette Instruments, Lafayette, IN) pro-
cedures outlined by Bryden and Roy [17], participants were
instructed to move 25 identical 2.5 cm long key-shaped pegs,
individually, from a circular receptacle to key-shaped holes
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of varying orientation on a five by five grid, in a place task. In
addition, participants were instructed to complete amodified
version of the GP task, requiring them to remove the pegs
from the key-shaped holes and return them to the receptacle,
in a replace task, suggested to be a purer measure of motor
speed [17]. Participants completed two trials of the place and
replace task with both the right and left hand, where time
to completion was recorded. If participants were unable to
complete the GP within five minutes, the trial was ended and
a time of 300 seconds was assigned and a second trial was
not completed with that limb (𝑛 = 24 participants with PD).
Missing data points resulting from the inability to test a limb
during the GP task were coded as missing.

To evaluate asymmetry of GP performance, a laterality
quotient was computed for both GP tasks by taking the
difference between the left and right hands as a function
of the overall movement time of the two hands (L − R/L
+ R) and multiplying the result by 100. Thus, a positive
laterality quotient is indicative of superior performance (i.e.,
shorter movement time) with the right hand, and a negative
laterality quotient is indicative of superior performance with
the left hand. Subsequently, the absolute value of the laterality
quotient corresponds to the magnitude of the performance
difference between the hands.

2.3. Data Analyses. SPSS statistical software was used. A
mixed analysis of variance test with repeated measures was
used to assess laterality quotients computed from theGP task.
The between subjects factor was group (healthy older adults:
H-OAs; right-side affectedPD:RSA-PD; and left-side affected
PD: LSA-PD) and the within subjects factor was task (place,
replace).

3. Results

Analyses revealed a main effect of task (𝐹(1, 248) = 26.06,
𝑝 < .001, 𝜂2 = .095), such that there were greater laterality
quotients (i.e., greater performance differences between the
two hands) in place (M = 5.49, SD = 11.83) compared to
replace (M = 0.98, SD = 9.97). Additionally, a main effect
of group (𝐹(2, 248) = 32.256, 𝑝 < .001, 𝜂2 = .206) revealed
laterality quotients of all three groups differed. Both H-OA
(M = 4.43, SD = 6.78) and LSA-PD (M = 7.64, SD = 13.33)
groups had positive laterality quotients, indicative of superior
right-hand performance; however, laterality quotients for the
LSA-PD group were significantly greater than the H-OAs
(𝑝 = .021). The RSA-PD (M = −2.34, SD = 12.59) had a
negative laterality quotient, indicative of superior left-hand
performance. Finally, a significant interaction between group
and task (𝐹(2, 248) = 12.591, 𝑝 < .001, 𝜂2 = .092; see Figure 1)
revealed that the laterality quotients of H-OA and LSA-PD
groups did not differ in the replace task; however, both groups
differed from the RSA-PD group in the place task. All three
groups differed in the place task. When comparing the two
tasks, RSA-PD and H-OAs had similar laterality quotients
in place and replace tasks; however, the LSA-PD group had
significantly different laterality quotients.
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Figure 1: Laterality quotients computed from the GP revealed
distinct differences between RSA-PD and LSA-PD groups compared
to H-OAs. Error bars represent standard error.

4. Discussion

While PD symptom asymmetry is well known and even
used to differentiate PD from other disorders, there is much
still not understood, including the functional implications
of handedness and symptom asymmetry. Thus, the aim of
the current paper was to further delineate the interaction
between PD upper limb motor symptom asymmetry and
handedness by means of examining hand performance in the
GP in a group of right-handed participants.

The current study identified 81 participants with PD
as right-side affected and 89 as left-side affected using the
UPDRS. Of these participants, 32%met the criteria for asym-
metric disease, where 34.5% (𝑛 = 57) had a right versus left
difference score of PD symptoms of at least 5 points, and 8.5%
(𝑛 = 14) had a score of at least 10 points. These proportions
are less than reports by Uitti and colleagues, where 46% of
their participants had a right versus left difference score of
at least 5 points and 12% had a difference score of at least 10
points [8]. Nevertheless, Uitti and colleagues [8] did not find
a relationship between the overall magnitude of asymmetric
disease and handedness. Left-handed participants in their
study did experience increased symptom severity on the left
side of the body; however, considering the current work
was limited to right-handed participants, variations in results
are likely attributed to differences in left- and right-handed
individuals with PD.

The division of participants with PD in the current
study based on the affected side enabled the comparison
of asymmetries in hand performance as a function of PD
motor symptom asymmetry. As seen in Figure 1, evident
differences emerged when comparing laterality quotients
in the two groups of participants with PD and a group
of healthy older adults. We will begin with discussion of
the replace task, as this requires less motor skill and thus
represents a measure of motor speed. Here, H-OA and LSA-
PD groups did not differ; however, both groups displayed
significantly different laterality quotients than the RSA-PD
group. Put simply, H-OAs demonstrated a positive laterality
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quotient, indicative of superior right-hand performance, as
expected based on previous findings [22, 23]. The same was
true for the LSA-PD group, which indicates that when the
nonpreferred side of right-handed individuals is affected by
PD motor symptoms, there is no evident difference in motor
speed, in this context. That said both of the aforementioned
groups differed from theRSA-PDgroup,where their laterality
quotient was negative and thus indicative of superior left-
hand performance. This extends the work by Štochl and
colleagues [14] who noted a significant change from right-
to left-hand preference when PD onset was on the right and
vice versa. Štochl and colleagues’ [14] methods were limited
to a 7-item hand preference questionnaire, where premorbid
hand preference was collected retrospectively; therefore, the
current study provides additional support that PD motor
symptom asymmetry does indeed influence handedness of
individuals with PD.

Next, we will address results of the place task, which
requires an increase in fine motor precision compared to
the replace task. As such, the place task can be considered
a better gauge of functional ability of the upper limb, as it
requires more fine motor skill. The laterality quotients of all
three groups differed in the place task. Similar to the replace
task, the RSA-PD group demonstrated negative laterality
quotients, indicating a shift to superior left-hand perfor-
mance, whereas both H-OA and LSA-PD groups displayed
positive laterality quotient, indicative of superior right-hand
performance. Unlike the replace task, the LSA-PD group’s
laterality quotient was significantly more positive than the H-
OA group. Furthermore, when comparing the two tasks, the
laterality quotients of bothH-OAandRSA-PDgroups did not
differ; however, the LSA-PD group’s laterality quotient was
significantly more positive in the place task.

Summarizing, results of the current study indicate that
when the nonpreferred hand of right handers is affected by
PD motor symptoms, superior preferred hand performance
seen in H-OAs [22, 23] is further exaggerated in tasks that
require precision. Regardless of whether the task requires
precision, or simply speed, when the preferred hand of right
handers is affected, there is an evident shift to superior left-
hand performance, whichmay inevitablymanifest as a switch
in hand preference [14].

Previous reports indicate that the preferred side is primar-
ily affected at the onset of PD symptoms [7]. In fact, Barrett
and colleagues [10] have noted that handedness plays a role
in the “reported first symptom, the time to diagnosis and the
time to dopaminergic treatment initiation” (p. 1122). In light
of the current findings, which indicate the most debilitating
effects on hand performance when the preferred side is
affected, this research has implications for the identification
and management of PD. Nevertheless, it is important to
consider that patients affected on their preferred side are
more likely to report upper limb dysfunction prior to those
affected on their nonpreferred side (who generally first report
impairments in their lower limbs) [10, 11]. As such, symptoms
may have actually first appeared on the nonpreferred side;
however, they were not recognized until the preferred side
was also affected.

One question of interest here is whether the motor symp-
toms of PD which give rise to PD initially in the preferred
hand are the same as those seen when first expressed in
the nonpreferred hand. A difference in symptoms under-
lying these two expressions of PD (i.e., preferred versus
nonpreferred hand first affected) may have implications for
how rapidly the disease progresses and whether the motor
symptoms are accompanied by other disorders such as in
cognition.This question is beyond the scope of this paper but
has been addressed in some of our other works (e.g., [20]).

5. Conclusions

Taken together, our findings help clarify the complex inter-
actions of handedness, motor symptom asymmetry, and
progression on functional upper limb control. Overall, the
observed results are similar to those recently discussed in
the literature, noting the obvious effect of the disease on
functional preferred hand use, as was demonstrated by poor
performance on the GP task when the preferred hand was
affected by PD. Results are clinically relevant, as they aid
in our understanding of disease progression. Future studies
should aim to include a comparable sample of right- and left-
handed participants to examine similarities and differences
in performance. Additionally, a handedness inventory, such
as the Waterloo Handedness Questionnaire [25], should
be incorporated to enable comparison between participants
based on the degree (i.e., strength) of handedness, as opposed
to simply direction (i.e., left or right).
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