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Abstract

Background: Impaired motor dexterity is one 
type of bradykinesia commonly observed in 
Parkinson’s disease (PD). An objective assessment 
with a keyboard typing test might be a useful tool 
rather than a subjective finger tapping test to detect 
these abnormalities in PD.

Objective: To evaluate finger dexterity in 
Parkinson’s disease (PD) by a keyboard typing test.

Methods: 59 PD patients, 47 age-matched 
controls were recruited in the study. Objective 
evaluation of finger dexterity was assessed by an 
in-house typing kit that was connected to a 
keyboard to determine a typing performance. 
A side-by-side typing was evaluated for the dexterity 
of the distal limb while a far-reach typing was 
determined for the proximal part. Objective out-
comes including accumulative frequency, typing 
velocity, accumulative error, accumulative repetition 
of keys and digraph duration were analyzed and 
compared between groups.

Results: PD patients had significantly lower 
accumulative frequency and typing velocity than 
controls in both side-by-side (p=0.02, 0.03) and 
far-reach typing (p=0.003, <0.001). The digraph 
duration and digraph rate were significantly higher 
in PD than controls (side-by-side; p=0.001, 0.004 
and far-reach typing; p<0.001 respectively). 
The accumulative repetition of typing keys was 
significantly greater only in side-by-side typing 
(p=0.03) in PD than controls. Typing velocity and 
digraph rate were moderately correlated with HY 
stage, UPDRS part III and bradykinetic scales.

Conclusions: Our study demonstrated the 
utility of the keyboard typing test as the objective 
evaluation of impaired finger dexterity in PD, leads 
to a promising screening and rating tool of 
bradykinesia in the future.
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Introduction

Parkinson’s disease (PD) is one of the most 
common neurodegenerat ive disorder that 
associated with degeneration of dopaminergic 
neurons in the substantia nigra pars compacta and 
abnormal accumulation of α-synuclein proteins 
called the Lewy body. These result in deficits of 
dopamine and other neurotransmitter and lead to 
motor and non-motor symptoms in PD.1 The cardinal 
features of motor symptoms are bradykinesia, 
rigidity, rest tremor, gait and postural instability.2

The presence of bradykinesia is mandatory for 
diagnosis of Parkinsonism. It is not just slowness of 
movement but also a progressive decremental of 
amplitude and frequency of repetitive movements 
such as finger or foot tapping, open and closed 
hand movements and rapid alternating movements 
or a pause of movements.3 The impairment of motor 
dexterity is one type of bradykinesia and often 
observed as the first sign of motor impairment in 
patients with PD that can be occurred in any parts 
of the body. Impaired finger dexterity is considered 
to have the greatest impact on activities of daily 
living particularly a fine motor movement such as 
buttoning and handwriting in patients with PD, and 
also a predictor of quality of life.4

Bradykinesia can be clinically assessed by 
performing repetitive movements in 10 seconds 
including a finger tapping, open-and-closed hand 
movements and rapid alternating movements. 
Finger tapping is often used to identify and rate the 
severity of akinesia and bradykinesia of upper 
extremities in PD. It is one of the item in the Unified 
Parkinson’s Disease Rating Scale (UPDRS). Finger 
tapping entails the semiquantitative evaluation of 
several components of bradykinesia, including 
speed, amplitude, fatigue, and regularity of finger 
movements.5 However, it is subjective and has 

interrater variability depending on individual 
physician. Clinical evaluations of bradykinesia also 
provide a few details of its characteristics and 
cannot differentiate PD from other forms of 
parkinsonism. To date, multiple electronic 
device-based upper limb function assessments 
have been used to assess the motor function in PD. 
Most of the devices were designed as a bar for 
rapid alternating finger tapping or smartphone 
applications. Velocity, distance of finger tapping, 
keystroke duration, rhythmicity and variability of 
keystroke duration have been proposed as a 
parameter that can differentiate PD from controls. 
Nevertheless, a study with these devices to early 
detection of subtle bradykinesia in the early stage 
and study the unique characteristics of impaired 
dexterity in PD is limited.6,7

We have developed the in-house typing kit 
(version 2) consisting of a triaxial gyroscope and a 
program connected to the keyboard to objectively 
determine finger dexterity in PD (figure 1).The aim 
of this study is to evaluate finger dexterity by this 
version of a keyboard typing test and study the 
characteristics of impaired dexterity in PD. This 
keyboard typing test might be easily applicable as 
a possible screening bedside tool to detect 
impaired dexterity and would enhance the early 
diagnosis of PD in the clinical practice. 

Materials and Methods

1. Participants

59 patients with PD, 47 age-matched healthy 

controls without any complaints of impaired fine 

motor skills were recruited in the study. Details of 

demographic and clinical characteristics are 

shown in Table 1. Patients were clinically diagnosed 

with PD according to the United Kingdom 

Parkinson’s Disease Society Brain Bank’s clinical 
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criteria (UKPDSBB).8 The PD and patients with 

Hoehn and Yahr (H&Y) stage 1-3 who could perform 

a keyboard typing test were recruited from 

Chulalongkorn Excellence Center on Parkinson’s 

disease and Related disorders from September - 

December 2019. Motor disability scales in PD were 

assessed with the Unified Parkinson’s Disease 

Rating Scale (UPDRSIII).9 The total bradykinetic 

scales of UPDRS part III of each hands were 

recorded separately. The exclusion criteria was any 

patients with impaired finger dexterities due to any 

neurological disorders or other non-neurological 

causes (e.g. joint deformities), significant medical 

comorbidity and cognitive impairment defined by 

Thai Mini-Mental State Examination (TMSE) scores 

below 26.10 Levodopa equivalence dose was 

calculated for each PD subject.11 The study was 

approved by the Human Subjects Ethics Committee 

of the Faculty of Medicine, Chulalongkorn University. 

All subjects gave their written informed consent 

before study participation in accordance with the 

Declaration of Helsinki.

 2.  Methods

The in-house typing kit (version 2) consisting 

of a triaxial accelerometers and gyroscopes and a 

program connected to the keyboard was used to 

objectively determine finger dexterity in PD in this 

study (figure 1A).The tri-axial accelerometers and 

gyroscopes were placed on the dorsum of the index 

and middle fingers of any subjects. (figure.1B 

and 1C). Two paradigms were conducted, including 

side-by-side typing where M/N keystrokes were 

measured for fifteen seconds and far-reach typing 

where P/Q keystrokes were evaluated for thirty 

seconds. The purpose of the side-by-side typing 

was to determine the dexterity of the distal limb 

while a far-reach typing was to evaluate the dexterity 

of the proximal part. Subjects were asked to type as 

quickly as possible and precisely. For PD patients, 

the keyboard typing test was performed during the 

OFF period to avoid the effect of anti-PD medications 

on the typing performance. PD patients were asked 

 

Figure 1 The in-house typing kit (version 2) consisting of a triaxial gyroscope and a program connected 

to the keyboard (A) to objectively determine finger dexterity (B), (C).
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to hold their medications at least 12 hours before 

study participation. All participants were asked to 

start with side-by-side typing with the right hand 

regardless of most affected sides in PD and worse 

hand in controls. Each paradigm was repeated three 

times with two minutes rest in between each trial.

All the typing outcomes were transformed into 

the raw data and analyzed with the Python software. 

The scripts were developed by our center 

particularly for this study. Objective outcomes 

include accumulative frequency (keys), velocity 

(keys/second), accumulative error (keys), error rate 

(accumulative error/frequency), accumulative 

repetit ion of typing (keys), repetit ion rate 

(accumulative repetition/frequency),  digraph or 

keystroke duration between typing keys (second), 

digraph rate (accumulative digraph/frequency). 

Keystrokes was defined as a gap duration between 

each key typing. The most/more affected side of PD 

patients was selected and compared to the worse 

side of healthy controls. These objective outcomes 

were calculated as the mean of the three trials.

3. Statistical analyses 

Baseline clinical characteristics and objective 

outcomes were summarized using either means and 

standard deviations (SD), or frequencies and 

percentages as appropriate. For each typing 

parameter and for both paradigms, the mean of the 

three trials was used in the analysis. The normal 

distribution of all variables was analyzed by the 

Shapiro-Wilk test. The unpaired t-test or Mann 

Whitney U test was used to compare the results 

between the most/more affected side in PD patients 

and the worse side of healthy controls in both 

side-by-side typing and far-reach typing. 

Spearman’s correlations across typing parameters 

and HY staging and clinical rating scales were 

evaluated. Statistical analysis was performed using 

SPSS version 23.0 software (SPSS Inc., Chicago IL).

Results

A total of 59 non-demented PD patients and 47 

age-matched controls were recruited into the study 

and completed the clinical evaluations and keyboard 

typing test. The clinical characteristics and clinical rating 

scales at the baseline and the follow up visits are 

shown in table 1. PD patients had a mean age of 65.9 

(8.7) years, and a mean disease duration of 5.73 ± 3.81 

years. The mean HY stage was 2.25 (0.77) with mean 

UPDRS part III, bradykinesia score and bradykinesia 

score of the more effected side of 27.76 (11.7), 8.8 

(3.4) and 6.9 (3.0) respectively. Most of patients were 

bilateral disease, indicated moderate severity of 

bradykinesia in PD patients as shown in Table 1.
There were no differences in age and TMSE 

between PD patients and controls. Almost half of the 
PD patients had more affected symptoms on the 
right hand, while most of the dominant hand of controls 
were on the right. However, we selected the most 
affected side of patients to compare with the worse 
side of controls. No one of the control subjects 
exhibited bradykinesia or any signs of parkinsonism.

PD patients had significantly lower accumulative 

frequency and slower typing velocity than controls 

in both side-by-side (p=0.02, 0.03) and far-reach 

typing (p=0.003, <0.001)as shown in Table 2 and 

figure 2. However, there were no significant 

differences in accumulative error of typing error, 

error rate between PD patients and controls in both 

side-by-side and far-reach typing (side-by-side 

typing; p=0.49, 0.51, far-reach typing; p=0.96, 

0.83). The accumulative repetition of typing keys 

was significantly greater only in side-by-side typing 

(p=0.03) in PD than controls but not far-reach typing 
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(p=0.51).The digraph duration and digraph rate 

were significantly higher in PD than controls 

(side-by-side; p=0.001, 0.004 and far-reach typing; 

p<0.001 respectively). 

Subgroup analysis showed that there were 

significant lower accumulative frequency and 

slower typing velocity in PD with bilateral symptoms 

than PD with unilateral symptoms in both side-by-

side (p=0.007, 0.009) and far-reach typing 

(p=0.002, 0.001) as shown in Table 3 and figure 3. 

Interestingly, accumulative error of typing error, 

error rate and repetition rate were significant great-

er in PD with akinetic rigid subtype than the tremor 

predominant subtype only in side-by-side typing 

(p=0.014, 0.013, 0.013) respectively.

Corre la t ion analys is  between typ ing 

parameters and clinical rating scales in PD groups 

were shown in the Table 4 and figure 4. Typing 

velocity wasnegatively correlated with HY stage, 

UPDRS part III and bradykinetic scalesin both 

side-by-side (M/N) task and the far-reach (P/Q) task. 

Digraph rate was also positively correlated with HY 

stage, UPDRS part III and bradykinetic scales in 

both side-by-side (M/N) task and the far-reach (P/Q) 

task.

Table 1 Demographic and clinical data of PD and healthy controls

Parameters PD (N=59) Controls(N=47) P value
Age (years) 65.9 ± 8.71 63.3 ± 8.51 0.123

Sex
-  Male
-  Female

   
64.4%(N=38) 27.7%(N=13) <0.001* 
35.6%(N=21) 72.3 %(N=34)  

Affected hand (PD)/ Dominant hand (control)
-  Right
-  Left

   
49.2 %(N=29) 89.4 %(N=42) 
50.8 %(N=30) 10.6 %(N=5) <0.001* 

TMSE 28.10 ± 1.69 27.91 ± 1.58 0.564

Hoehn and Yahr
-  Mean
-  H & Y stage 1
-  H & Y stage 1.5
-  H & Y stage 2
-  H & Y stage 2.5
-  H & Y stage 3

 
2.25 ± 0.77   

16.9%(N=10)   
6.8%(N=4)   

22.0%(N=13)   
10.2%(N=6)   

44.1%(N=26)   

Subtype
-  Tremor
-  Akinetic rigid

   
39%(N=23)   
61%(N=36)   

Unilateral group 25%(N=15)   
Bilateral  group 44%(N=44)   
Disease duration (years) 5.73 ± 3.81   
UPDRS III 27.76 ± 11.72   
UPDRS bradykinesia 8.8 ± 3.4   
UPDRS bradykinesia of more effected side 6.9 ± 3.0
Levodopa equivalent dose (mg) 784.79 ± 456.93   
Last medication time (min.) 319.41 ± 152.64   
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Table 2 Typing parameters between the most/more affected hand in PD patients and the worse hand in 

healthy controls in both side-by-side typing and far-reach typing.

Typing parameters Group Side-by-side

(Mean)

P value Far-reach

(Mean)

P value

Frequency PD 29.98 ± 9.89 0.020* 29.13 ± 10.62 0.003*
Controls 34.50 ± 9.63 37.72 ± 14.39

Velocity PD 2.07 ± 0.67 0.028* 1.11  ± 0.37 <0.001*
Controls 2.36  ± 0.64 1.54  ± 0.33

Accumulative error PD 0.45 ± 1.98 0.490 1.52 ± 4.20 0.955
Controls 0.39 ± 1.17 0.77 ± 1.35

Error rate PD 0.025 ± 0.13 0.507 0.06 ± 0.16 0.835
Controls 0.014 ± 0.05 0.02 ± 0.04

Accumulative repetition PD 0.18  ± 0.11 0.026* 0.07 ± 0.10 0.541
Controls 0.14  ± 0.14 0.06  ± 0.81

Repetition rate PD 0.03 ± 0.13 0.507 0.06 ± 0.16 0.835
Controls 0.01 ± 0.46 0.02 ± 0.38

Digraph PD 1.14 ± 0.51 0.001* 1.85 ± 0.76 <0.001*
Controls 0.87 ± 0.46 1.28 ± 0.53

Digraph rate PD 0.49 ± 0.42 0.004* 0.08 ± 0.06 <0.001*
Controls 0.03 ± 0.03 0.04 ± 0.03

*p value < 0.05

Table 3 Typing parameters between unilateral symptomand bilateral symptom in PD patients in both  

side-by-side typing and far-reach typing.

Typing parameters Group Side-by-side

(Mean)

P value Far-reach

(Mean)

P value

Frequency Unilateral 35.76 ± 9.23 0.007* 37.13 ± 10.20 0.002*
Bilateral 28.01 ± 9.40 26.40 ± 9.40

Velocity Unilateral 2.44 ± 0.72 0.009* 1.39  ± 0.29 0.001*
Bilateral 1.94  ± 0.64 1.02  ± 0.35

Accumulative error Unilateral 0.27 ± 0.72 0.990 1.13 ± 1.90 0.206
Bilateral 0.51 ± 2.27 1.65 ± 4.72

Error rate Unilateral 0.01 ± 0.02 0.941 0.04 ± 0.08 0.356
Bilateral 0.03 ± 0.15 0.07 ± 0.18

Accumulative repetition Unilateral 0.20  ± 0.14 0.702 0.12 ± 0.14 0.056
Bilateral 0.18  ± 0.10 0.05  ± 0.07

Repetition rate Unilateral 0.01 ± 0.02 0.941 0.36 ± 0.77 0.356
Bilateral 0.03 ± 0.15 0.07 ± 0.18

Digraph Unilateral 1.06 ± 0.46 0.514 1.69 ± 0.91 0.137
Bilateral 1.17 ± 0.53 1.91 ± 0.70

Digraph rate Unilateral 0.35 ± 0.26 0.088 0.05 ± 0.03 0.009*
Bilateral 0.05 ± 0.05 0.09 ± 0.06

*p value < 0.05
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Figure 2 Summary of objective outcomes of keyboard typing tests from the most/more affected hand and 

less-affected hands in PD patients in both typing 
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Figure 3 Summary of objective outcomes of keyboard typing tests between tremor and akinetic 

rigidity subtype in PD patients in both side-by-side typing and far-reach typing.
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Figure 4 Correlation analysis between typing parameters and clinical rating scales in PD groups
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Discussion

Our study showed that impaired finger 
dexterity which is one type of bradykinesia in PD 
patients was objectively evaluated by the keyboard 
typing test both the side-by-side typing and the 
far-reach typing. Both proximal and distal dexterity 
impairment were demonstrated in PD. However, the 
side-by-side typing was better than the far-reach 
typing to identify abnormal dexterity and separate 
subtype of PD. The correlation between typing 
velocity and digraph rate and HY stage and clinical 
scale of bradykinesia point to the feasibility of this 
type of test for differential diagnosis of PD from 
controls as well as for rating severity of symptom. 

The typing velocity was slower in PD compared 
to control, indicated sign of hypokinesia but not 
bradykinesia of both distal and proximal upper limbs. 
However, the accumulative frequency of key with 
time was lower in PD than controls, demonstrating 
that PD patients have decremental of frequency of 
repetitive movements or sequence effect which is 
consistent with the definition of bradykinesia.3 
Moreover, the higher accumulative digraph and 
digraph rate in PD compared to controls point to 
the decremental of amplitude of finger movements 

regardless of proximal or distal movements. These 
results easily explained the characteristics of 
bradykinesia objectively and were consistent with 
the previous studies.14, 15 PD patients tends to have 
higher typing error than controls but not statistically 
significant. This also showed that the fine motor 
movements in PD are more imprecise. The 
accumulative repetition of typing keys is statistically 
significant only in the side-by-side typing,but the 
far-reach typing. Some of PD patients might have 
a freezing of finger movements particularly at the 
distal limb while this phenomenology was not 
established in the proximal movement. Freezing of 
movements in PD could be often found in a small 
automatic movement instead of a proximal 
movement that requires more processing time.13

The accumulative error of typing and error rate 
as well as accumulative repetition were higher in 
akinetic-rigid subtype of PD than tremor dominant 
PD. This could demonstrate imprecise programming 
of movement in this subtype. 

There was a correlation between typing 
velocity and digraph rate and clinical rating scales 
and disease severity. These 2 parameters might be 
the best parameters for differential diagnosis since 
they represent the definition of bradykinesia.

Table 4 Summary of correlations between typing parameters and clinical rating scales

Parameters
Typing 

performance
H&Y UPDRS III

UPDRS 

bradykinesia total

UPDRS bradykinesia 

Dominant site

Typing 

velocity

Side-by-side
r -0.507 -0.470 -0.413 -0.305

P value <0.001* <0.001* 0.001* 0.019

Far-reach
r -0.487 -0.561** -0.557** -0.476**

P value <0.001* <0.001* <0.001* <0.001*

Digraph rate
Side-by-side

r 0.408 0.402 0.375 0.286
P value 0.001* 0.002* 0.003* 0.028*

Far-reach
r 0.349 0.502 0.507 0.445

P value 0.007* <0.001* <0.001* <0.001*

#Spearman’s correlation

*p value < 0.05
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The strength of our study is to negotiate a 
promising bedside tool for screening of impaired 
finger dexterity or bradykinesia in clinical practice.  
Moreover, it can be used to explore the characteristics 
of subtle abnormal dexterity in PD. However, there 
are some limitations in our study. A number of 
patients should be increased to generalize the 
results. The severity and subtypes of patients should 
be more disperse and recruit very early stage or 
prodromal stage of disease. Nevertheless, our study 
could still show that a simple keyboard typing test is 
feasible to characterize dexterity impairment in PD 
and distinguish PD from healthy controls.

Conclusion

Our study showed that impaired finger dexterity 
which is one type of bradykinesia in PD patients 
was objectively evaluated by the keyboard typing 
test both the side-by-side typing and the far-reach 
typing. The correlation between typing parameters 
and clinical rating scales of bradykinesia point to 
the feasibility of this type of test for differential 
diagnosis of PD from controls as well as for rating 
severity of symptom the clinical practice in the future. 
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