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Abstract
Background People with Parkinson’s disease (PwP) often report problems with their handwriting before they receive a 
formal diagnosis. Many PwP suffer from deteriorating handwriting throughout their illness, which has detrimental effects 
on many aspects of their quality of life.
Aims To assess a 6-week online training programme aimed at improving handwriting of PwP.
Methods Handwriting samples from a community-based cohort of PwP (n = 48) were analysed using systematic detection 
of writing problems (SOS-PD) by two independent raters, before and after a 6-week remotely monitored physiotherapy-led 
training programme. Inter-rater variability on multiple measures of handwriting quality was analysed. The handwriting data 
was analysed using pre-/post-design in the same individuals. Multiple aspects of the handwriting samples were assessed, 
including writing fluency, transitions between letters, regularity in letter size, word spacing, and straightness of lines.
Results Analysis of inter-rater reliability showed high agreement for total handwriting scores and letter size, as well as speed 
and legibility scores, whereas there were mixed levels of inter-rater reliability for other handwriting measures. Overall hand-
writing quality (p = 0.001) and legibility (p = 0.009) significantly improved, while letter size (p = 0.012), fluency (p = 0.001), 
regularity of letter size (p = 0.009), and straightness of lines (p = 0.036) were also enhanced.
Conclusions The results of this study show that this 6-week intensive remotely-monitored physiotherapy-led handwriting 
programme improved handwriting in PwP. This is the first study of its kind to use this tool remotely, and it demonstrated 
that the SOS-PD is reliable for measuring handwriting in PwP.
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Introduction

Parkinson’s disease (PD) is a debilitating chronic neuro-
degenerative disease, which is estimated to affect almost 
10 million people worldwide [1]. The cardinal movement 

impairments are tremor, hypokinesia, rigidity, and bradyki-
nesia. These impairments manifest as subtle but significant  
problems for people with Parkinson’s (PwP). Many of  
the less apparent symptoms appear before the onset of the 
cardinal motor symptoms [2–4]. These prodromal features 
include loss of sense of smell [5, 6], gastrointestinal prob-
lems [7, 8], and fine motor problems such as micrographia 
[5, 9]. Micrographia is defined as abnormally small or 
cramped handwriting [9], which often presents in early PD 
and gradually worsens with disease progression [5, 9]. This 
problem affects most PwP, at all stages of disease onset and 
progression [10–12]. Although micrographia in PwP inher-
ently refers to handwriting size, it has become evident that 
PD also has detrimental effects on writing velocity, fluency, 
and acceleration [11]. Micrographia reduces patients’ over-
all quality of life in subtle yet noticeably debilitating ways 
[10, 11]. Variable improvements in handwriting have been 
reported following treatment with standard PD medications 
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[13]. Therefore, adjuncts such as physiotherapy are com-
monly used, with the goal of preserving and improving 
motor symptoms such as micrographia.

The objective of this study was to assess the impact, using 
the Systematische Opsporing Schrijfproblemen (SOS-PD; 
systematic detection of writing problems for PwP) as an ana-
lytical tool, of a task-oriented remote handwriting training 
programme that was implemented by Corrib Physiotherapy 
Centre [14, 15]. The reliability and efficacy of the SOS-PD 
handwriting tool have been previously shown in PwP [14], in 
which the SOS-PD test results correlated with other analyses, 
such as the Purdue Pegboard and Manual Ability Measure 
(MAM-16) of fine motor skill performance. Various other 
experimental tools have also been used to systematically 
examine handwriting. For example, electronic tablets with 
paired stylus pens have been used to assess the dynamic fea-
tures of handwriting in PwP [16], demonstrating potential 
to assess subjects’ handwriting and to assist clinicians in the 
early diagnosis of PD. Similarly, pressure-sensitive electronic 
tablets have also been used to assess handwriting competency 
in PwP; these allow enhanced accuracy and more thorough 
assessment of handwriting than paper- and pen-based assess-
ments [17]. There is a need for a simple accessible tool to 
improve handwriting and thereby improve individuals’ qual-
ity of life at all stages of PD, especially for individuals with 
early-onset PD who are still in employment.

Methods

Ethical approval was granted through the University College 
Cork (UCC) Social Research Ethics Committee (SREC), 
log number 2021–070. The study was performed in accord-
ance with the ethical standards as laid down in the 1964 
Declaration of Helsinki and its later amendments or com-
parable ethical standards. In total, 48 participants were 
recruited to the handwriting training programme by Corrib 
Physiotherapy, Co. Galway, Ireland. The participants were 
not pre-selected and represented a broad range of disease 
duration. Each participant was given a workbook with exer-
cises to complete each day for 6 weeks and had access to 
a video demonstrating each exercise. The training for the 
intervention was carried out by Corrib Physiotherapy and 
followed the same protocol as previously published [18]. 
The data was analysed retrospectively by the team in UCC, 
who were blinded to the participants’ descriptive/identifi-
able information. The raters were fully trained in the SOS 
scoring system. The pre- and post-programme assessments 
involved copying a set of sentences (Fig. 1A, B). An exam-
ple of pre-programme handwriting text from a participant is 
shown in (Fig. 1C). A post-programme handwriting sample 
by the same participant is shown in Fig. 1D. The SOS-PD 
consists of an instruction manual, a paper copy of the text to 

be written by participants, a scoring form, and a measuring 
template to allow for objective scoring of the handwriting. 
Over the 6 weeks between the two assessments, participants 
spent 1 h per day for 5 days per week completing exercises in 
the handwriting training handbook supplied to them by Cor-
rib Physiotherapy. The following aspects of the handwriting 
samples were assessed, based on criteria described in the 
SOS-PD manual: writing fluency, transitions between let-
ters, regularity in letter size, word spacing, and straightness 
of lines. Average handwriting size in millimetre and copying 
speed were also assessed but did not contribute to the over-
all SOS-PD score. A higher total SOS-PD score indicated 
poorer quality of handwriting. The sentences were scored 
using the SOS-PD. Speed was assessed by measuring the 
number of characters copied by the participant in 5 min. 
Handwriting texts were also scored based on the number 
of illegible and legible words, to calculate the percentage 
legibility of the copied text. Additionally, participants were 
scored on several observational parameters, carried out by 
a physiotherapist working with Corrib Physiotherapy. These 
parameters included whether a tremor was observed in the 
writing hand, whether a tremor was observed in the paper-
holding hand, if upper limb freezing was observed, if the 
patient always wrote with interruptions between letters, and 
whether the handwriting style changed over the course of 
the training period, i.e., cursive versus non-cursive writing.

Statistical analysis of the data was performed using IBM 
SPSS Statistics version 27. The data was not normally dis-
tributed, therefore, non-parametric tests were carried out. 
The McNemar test and Wilcoxon signed rank tests were 
used to compare the pre- and post-programme data, to 
determine whether there were statistically significant dif-
ferences between any of the pre- and post-programme meas-
ures. Two raters (rater 1 and rater 2) were blinded to each 
other’s results. Inter-rater reliability (IRR) for the SOS-PD 
scoring was determined using the pre- and post-programme 

Fig. 1  A Outline of the study design, B sample text to be copied in 
the assessment, C sample of pre-programme handwriting from a 
study participant, and D sample of post-programme handwriting from 
the same study participant



391Irish Journal of Medical Science (1971 -) (2024) 193:389–395 

1 3

handwriting samples. IRR categorical variables were 
assessed by Cohen’s Kappa and interclass correlation coef-
ficient (ICC) for IRR continuous variables. Cohen’s inter-
pretation of the Kappa result was used as follows: values ≤ 0 
indicate no agreement, 0.01–0.20 no to slight agreement, 
0.21–0.40 fair, 0.41–0.60 moderate, 0.61–0.80 substantial, 
and 0.81–1.00 almost perfect agreement. As levels of agree-
ment between the independent raters were sufficient, data 
from both raters were averaged for each variable to achieve 
a combined dataset which was used for analysing the out-
come variables before and after the intervention. Clustered 
bar charts were then generated to represent the data. The 
significance level was set at p < 0.05 for all tests.

Results

Participant demographics

A total of 48 participants took part in this study. Sixteen (33%)  
of the participants did not continue with the follow-up assess-
ment. In this cohort of participants who did not complete the 
assessment, the majority (75%) were male and right-handed 
(93.75%), with a mean age of 71.00 ± 7.32 years. In the 
remaining cohort of 32 patients who completed the follow-
up assessments, the majority (90.6%) of the participants were 
right-handed, and 53.12% were female. The average age of 
this completing group was 70.75 ± 6.89 years and the aver-
age PD duration was 9.19 ± 6.06 years (Table 1). Observed 
tremor in the writing hand was found to be decreased in the 
post-programme assessment compared to the pre-programme 
assessment (p = 0.027), whereas observations of tremor in 
the non-writing hand (p = 0.687) and upper limb freezing 
(p = 0.178) were not significantly different between the pre- 
and post-programme assessments. There were no differences 
in the timing of medication intake relative to the timing of 
the pre- and post-programme assessments in individual par-
ticipants. All assessments were performed soon after the 
participants had taken their PD medication. The most com-
mon medications used by the group of 32 participants who 
completed the study were Sinemet (carbidopa and levodopa) 

(n = 12), Stalevo (levodopa, carbidopa, and entacapone) 
(n = 6), Sinemet Plus (carbidopa and levodopa) (n = 5), and 
Madopar (levodopa and benserazide) (n = 4). Other partici-
pants were taking amantadine (n = 1), Requip (ropinirole) 
(n = 1), Duodopa pump (carbidopa and levodopa) (n = 1), 
Azilect (rasagiline) (n = 1), and Neupro patch (n = 1).

Analysis of inter‑rater reliability

IRR was used to assess the levels of agreement between 
individual raters. The agreement between rates on the over-
all SOS-PD score, size, speed, legible words count, illegible 
words count, and percentage legibility was high (Table 2). 
However, the agreement on some of the individual SOS-
PD items was low, specifically fluency, regularity, word 
spacing, and straightness of line. There was not a statisti-
cally significant level of agreement between the raters on 
transitions between letters, fluency, and straightness of line 
(Table 2). There was moderate agreement between the raters 
regarding whether the writing was considered to be cursive 
or not (Table 2).

Pre‑ and post‑programme assessment 
of participants’ handwriting quality

Assessment of handwriting style at the pre- and post-programme  
stages showed that there was no significant change in the 
overall style of the participants’ handwriting (i.e., whether 
they used cursive or non-cursive handwriting) over the 
6-week training programme (p = 0.506; Table 3). After the 
6-week training period, participants’ overall SOS-PD score 
had decreased, showing that the overall quality of their hand-
writing had improved (p < 0.001; Table 3 and Fig. 2A). Fur-
thermore, their writing size had increased after the 6-week 
training programme (p = 0.012; Table 3 and Fig. 2B), but their 
handwriting speed was not significantly different between 
pre- and post-programme stages (p = 0.405; Table 3). Fur-
ther analysis revealed that at the post-programme stage, par-
ticipants’ writing fluency (p < 0.001; Table 3 and Fig. 2C), 
regularity of letter height (p = 0.009; Table 3 and Fig. 2D), 

Table 1  Participants’ 
demographics. In cases of 
normal distribution and equality 
of variances, mean ± standard 
deviation is shown

Demographic All participants (N = 48) Completing 
participants 
(N = 32)

Drop-out 
participants 
(N = 16)

Gender (M/F) 27/21 15/17 12/4
Handedness (R/L) 44/4 29/3 15/1
Age (years) 70.83 ± 6.96 70.75 ± 6.89 71.00 ± 7.32
Disease duration (years) 10.02 ± 6.30 9.19 ± 6.06 11.69 ± 6.63
Pre-programme cursive handwriting (yes/no) 16/32 11/21 5/11
Post-programme cursive handwriting (yes/no) 14/18 14/18 NA
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and straightness of sentences (p = 0.036; Table  3 and 
Fig. 2E) were all significantly improved compared to the pre- 
programme assessment. There were no significant differences 
in transitions between letters (p = 0.187; Table 3) and spac-
ing between words (p = 0.317; Table 3) at the pre- and post-
programme stages. Regarding the legibility of the text, the 
number of illegible words significantly decreased after the 
6-week training programme (p = 0.009; Table 3), but there 
was no change in the number of legible words (p = 0.992; 
Table 3). However, overall percentage legibility improved fol-
lowing training (p = 0.008; Table 3 and Fig. 2F), meaning that 
in general, the participants’ handwriting was easier to read 
after they had completed the training programme.

Discussion

Micrographia is a common motor symptom in PwP and can 
have profound negative impacts on quality of life. This study 
assessed the impact of a 6-week remote training programme 
on handwriting of PwP. It was the first of its kind in Ireland 
and was conducted through a community-based online physi-
otherapy clinic. In our study, two independent raters marked 
the handwriting assessments, and we subsequently assessed 
the reproducibility between these two raters, who had been 
blinded to each other’s scoring. Our analysis showed high 
inter-rater reliability between these raters for total SOS-PD 
score, size, and speed, as well as the legibility scores. For the 

Table 2  Analysis of inter-rater 
reliability. Measurement units: 
SOS-PD speed (letters written 
in 5 min); IRR (Cohen’s Kappa) 
(items 1–6). *ICC (interclass 
correlation coefficient) value 
(items 7–12)

IRR categorical variables were assessed by Cohen’s Kappa and interclass correlation coefficient (ICC) for 
continuous variables (n = 32)
*p < 0.05; **p < 0.01; ***p < 0.001

Inter-rater reliability

Pre-programme assessment Post-programme assessment

Item IRR/ICC p-value Agreement IRR/ICC p-value Agreement

1. Cursive (0–1) 0.646* < 0.001 Moderate 0.685 < 0.001 Moderate
2. Fluency (0–2) 0.229 0.074 Minimal 0.265 0.035 Minimal
3. Transitions (0–2) 0.069 0.686 Minimal 0.175 0.220 Minimal
4. Regularity (0–2) 0.313 0.034 Minimal 0.228 0.106 Minimal
5. Word spacing (0–2) 0.277 0.039 Minimal 0.388 0.001 Minimal
6. Straightness of line (0–2) 0.265 0.072 Minimal 0.483 0.002 Weak
7. Total SOS-PD score (0–10) 0.544* < 0.001 Moderate 0.598* < 0.001 Moderate
8. Size (mm) 0.905*  < 0.001 Excellent 0.868* < 0.001 Good
9. Speed (letters in 5 min) 0.987*  < 0.001 Excellent 0.975* < 0.001 Excellent
10. Legible words (count) 0.884*  < 0.001 Good 0.971* < 0.001 Excellent
11. Illegible words (count) 0.861*  < 0.001 Good 0.918* < 0.001 Excellent
12. % legible 0.841*  < 0.001 Good 0.908* < 0.001 Excellent

Table 3  Handwriting scoring 
based on SOS-PD

Measurement units: total SOS-PD score (0–10); SOS-PD speed (letters written in 5 min) (n = 32)

Pre-programme 
assessment

Post-programme 
assessment

Item (unit) Rater 1 Rater 2 Rater 1 Rater 2 p-values

Cursive 1.66 1.69 1.56 1.53 0.506
Fluency (0–2) 1.41 1.66 1.16 1.09 < 0.001
Transitions (0–2) 1.64 0.64 1.43 0.53 0.187
Regularity (0–2) 1.47 1.75 1.25 1.44 0.009
Word spacing (0–2) 0.09 0.31 0.09 0.22 0.317
Straightness of line (0–2) 0.63 0.41 0.34 0.25 0.036
Total SOS-PD score (0–10) 4.16 4.41 3.47 3.31 < 0.001
Size (mm) 2.25 2.45 2.56 2.72 0.012
Speed (letters in 5 min) 333.66 338.28 333.72 335.66 0.405
Legible words (count) 52.44 60.31 54.03 61.97 0.992
Illegible words (count) 19.22 11.97 15.31 7.63 0.009
% legible words 73.75 83.11 78.66 89.93 0.008
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internal items, there were variable findings, with fluency, 
transitions, regularity, word spacing, and straightness of lines 
showing moderate to low agreement, in line with previous 
reported assessments [14], suggesting that some of the SOS-
PD items may be redundant in these types of studies in PwP.

The participants were not pre-selected and represented 
a broad range of disease duration. Overall, results from 
the data analysis suggest that, following completion of the 
6-week programme, participants’ handwriting improved. 
There was a significant decrease in the total SOS-PD score, 
which is reflective of an increase in handwriting quality and 
legibility. Further analysis of the handwriting scores showed 
that size, fluency, regularity of letter size, and straightness 
had all improved after training. These findings are impor-
tant, as fluency and regularity of letter size have previously 
been found to be the most affected aspects of handwriting 
in PwP [14, 15, 19]. One previous study reported that size 
and progressive letter height in a sentence were the main 
handwriting problems exhibited by PwP [14]. We found no 
significant changes in the speed of handwriting, in transi-
tion between letters, or in space between words, between 
pre- and post-programme assessments. This is consistent 
with a previous study that used the SOS-PD tool in PwP 
and also reported no significant changes in these items [14]. 
Furthermore, increasing handwriting speed was not a goal 
of the training programme. The focus was on increasing the 
size of each letter and working on fluency. It is interesting 
that, in our study, there were improvements in several SOS-
PD items, thus resulting in an overall enhancement in the 
legibility of the text, without slower letter production. This 
data is supported by our additional independent assessments 
of handwriting legibility, where a significant decrease in 
illegible words was documented, along with a correspond-
ing increase in total percentage legibility. These items were 
a novel assessment to supplement the SOS-PD and have not 
been carried out in PwP to date.

All patients continued to take their regular medications 
throughout the study, as medication timings are imperative 
to symptom management in PD. Regarding our study pro-
tocol, we did not observe a significant change in the timing 
of medication intake between the pre- and post-programme 
assessments. Freezing and tremor in participants' non-writing  
hands were not observed to change over the course of the 
programme. However, participants were noted to have 
significantly less tremor in their writing hand at the post-
programme assessment. Although it is noteworthy that this 
was an observed tremor, we cautiously conclude that tremor 
does not have a significant impact on handwriting as reflected 
in participant’s scores. Tremor can be a bothersome symp-
tom for PwP. Based on the findings of this study, PwP can  
be reassured that although they have a tremor, it should not 
impact upon their handwriting, as the scores do not show any 
effect of tremor. It has been suggested that micrographia is a 
component of bradykinesia, as the two symptoms are corre-
lated [14], and indeed tremor may not affect speed or size of  
handwriting. Interestingly, it was observed that in the Post-
Programme assessments, the handwriting style of three of 
the participants changed from being cursive to non-cursive, 
upon completion of the programme. This may be reflective 
of increased control of fine motor movement, or that the par-
ticipant was more attentive or cognisant of their handwriting 
style after completion of the training programme.

Participants were from a community setting and repre-
sented various stages of PD. The physiotherapists did not  
exclude people based on stage of disease or on disease duration.  
This is important as it means that even people who were con-
sidered to have severe PD were offered the opportunity to com-
plete a training programme that targets handwriting issues, 
symptoms that are known to be important to them. There was 
a significant drop-out rate in the programme, which reflects 
the intensity of the programme being considered to be too 
high by some participants. This does not necessarily mean 
that those participants who dropped out did not benefit from 
the programme. They received a detailed workbook and infor-
mation on the training programme, and so it is possible that  
they continued the programme at their own pace.

The observed improvements in handwriting in our 
study have potential to improve the quality of life for 
PwP. This training programme could relatively easily be 
implemented in the care of individuals with early-stage 
PD, potentially delaying or preventing the observed 
micrographia seen in many PwP, thereby preserving fine 
motor control and improving independence and quality of 
life. PwP frequently report frustration relating to micro-
graphia, as it can impede their independence [11, 15].  
Future studies could select individuals with earlier stages 
of PD to complete this handwriting programme, perhaps 
with modifications. Writing aids such as rulers, weighted 
pens, or different pen types, such as fountain pens, could 

Fig. 2  SOS-PD handwriting quality scores in participants on pre- and 
post-programme assessments. A Total SOS-PD score (0–10), B let-
ter size, C fluency score, D regularity of letter size, E straightness of 
line, F percentage legible words. *p < 0.05; **p < 0.01; ***p < 0.001 
vs pre-programme assessment score; McNemar test and the Wilcoxon 
signed rank test (n = 32)
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be used in conjunction with the programme. It is relevant 
to consider whether the conditions of remote assessments 
used in our study may have affected the performance of 
participants. Here, participants performed the assessments 
in their own homes, in a relaxed and familiar setting. There 
may have been different outcomes if the assessments had 
been carried out in a more stressful clinical environment. 
It is important to note, however, that the influence of a 
‘practice effect’ may have contributed to the observed dif-
ferences in our study, by altering participants’ respective 
performances during the repeated assessments [20].

Our study lacked a control group, but previous studies 
using this training method had established the training pro-
tocol and found measurable differences in size and speed 
of handwriting when comparing PwP to a control group 
[14]. The SOS assessment has also been reported to confer 
improvements of up to 17% in size of handwriting in PwP 
[18]. In our study, we found 20% improvement in overall 
SOS scores, 8% change in the size, and 7.5% improvement 
in handwriting legibility. To note, 16 of the participants 
did not complete our study, due to the intensity of the 
training programme. These participants reported hand 
and muscle cramps, as well as fatigue. Future participants 
could be advised to include relaxation movements or timed 
breaks, to alleviate fatigue. The training programme was 
highly intensive, comprising of 1 h per day for 5 days, 
over 6  weeks. In future studies, participants could be 
stratified based on their disease stage, with a more inten-
sive programme used for people with early-stage PD and 
a less intensive one for individuals with advanced PD, 
to tailor the handwriting programme to suit the needs of 
the individual. In another study, good retention of partici-
pants was achieved in a less intensive programme over a 
longer period of time [20]. The online nature of this train-
ing has potential to increase the accessibility of resource, 
for example, to those living in rural communities without 
access to physiotherapy clinics. Further flexibility could 
also be implemented in the programme; for example, indi-
viduals with PD who are working may choose to take the 
course online or to use recorded training videos.

Acknowledgements We are sincerely appreciative to all participants 
in the handwriting study. We would like to thank Emily Coughlan for 
her help with the statistical analysis.

Author contribution This study was designed by AMS, LCS, JD, DK, 
BSE, and EC. LCS and AMS obtained ethical approval. JD and DK 
undertook data collection. RR and HC completed data analysis and data 
entry. LCS and EC undertook statistical analysis. LCS and AMS wrote 
the manuscript. The final manuscript was approved by all authors.

Funding Open Access funding provided by the IReL Consortium This 
study was financially supported by the Cork branch of the Parkinson’s 
Association of Ireland and the Galway and Mayo branches of the Par-
kinson’s Association of Ireland.

Data availability Data are available on Zenodo at this link: https:// 
zenodo. org/ record/ 79676 03

Declarations 

Competing interests The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Dorsey ER, Sherer T, Okun MS, Bloem BR (2018) The emerging 
evidence of the Parkinson pandemic. J Park Dis 8:S3–S8. https:// 
doi. org/ 10. 3233/ JPD- 181474

 2. Hustad E, Aasly JO (2020) Clinical and imaging markers of pro-
dromal Parkinson’s disease. Front Neurol 11:395. https:// doi. org/ 
10. 3389/ fneur. 2020. 00395

 3. Pfeiffer RF (2016) Non-motor symptoms in Parkinson’s disease. 
Parkinsonism Relat Disord 22(Suppl 1):S119-122. https:// doi. org/ 
10. 1016/j. parkr eldis. 2015. 09. 004

 4. Visanji N, Marras C (2015) The relevance of pre-motor symp-
toms in Parkinson’s disease. Expert Rev Neurother 15:1205–1217. 
https:// doi. org/ 10. 1586/ 14737 175. 2015. 10834 23

 5. Simon DK, Tanner CM, Brundin P (2020) Parkinson disease epi-
demiology, pathology, genetics and pathophysiology. Clin Geriatr 
Med 36:1–12. https:// doi. org/ 10. 1016/j. cger. 2019. 08. 002

 6. De Rui M, Inelmen EM, Trevisan C et al (2020) Parkinson’s dis-
ease and the non-motor symptoms: hyposmia, weight loss, osteo-
sarcopenia. Aging Clin Exp Res 32:1211–1218. https:// doi. org/ 
10. 1007/ s40520- 020- 01470-x

 7. Travagli RA, Browning KN, Camilleri M (2020) Parkinson dis-
ease and the gut: new insights into pathogenesis and clinical rel-
evance. Nat Rev Gastroenterol Hepatol 17:673–685. https:// doi. 
org/ 10. 1038/ s41575- 020- 0339-z

 8. Han MN, Finkelstein DI, McQuade RM, Diwakarla S (2022) 
Gastrointestinal dysfunction in Parkinson’s disease: current and 
potential therapeutics. J Pers Med 12:144. https:// doi. org/ 10. 3390/ 
jpm12 020144

 9. Wu T, Zhang J, Hallett M et al (2016) Neural correlates underlying 
micrographia in Parkinson’s disease. Brain 139:144–160. https:// 
doi. org/ 10. 1093/ brain/ awv319

 10. Wagle Shukla A, Ounpraseuth S, Okun MS et al (2012) Micro-
graphia and related deficits in Parkinson’s disease: a cross-sec-
tional study. BMJ Open 2:e000628. https:// doi. org/ 10. 1136/ bmjop 
en- 2011- 000628

 11. Thomas M, Lenka A, Kumar Pal P (2017) Handwriting analysis 
in Parkinson’s disease: current status and future directions. Mov 
Disord Clin Pract 4:806–818. https:// doi. org/ 10. 1002/ mdc3. 12552

 12. Ishihara LS, Khaw K-T, Luben R et al (2005) Self-reported par-
kinsonian symptoms in the EPIC-Norfolk cohort. BMC Neurol 
5:15. https:// doi. org/ 10. 1186/ 1471- 2377-5- 15

https://zenodo.org/record/7967603
https://zenodo.org/record/7967603
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3233/JPD-181474
https://doi.org/10.3233/JPD-181474
https://doi.org/10.3389/fneur.2020.00395
https://doi.org/10.3389/fneur.2020.00395
https://doi.org/10.1016/j.parkreldis.2015.09.004
https://doi.org/10.1016/j.parkreldis.2015.09.004
https://doi.org/10.1586/14737175.2015.1083423
https://doi.org/10.1016/j.cger.2019.08.002
https://doi.org/10.1007/s40520-020-01470-x
https://doi.org/10.1007/s40520-020-01470-x
https://doi.org/10.1038/s41575-020-0339-z
https://doi.org/10.1038/s41575-020-0339-z
https://doi.org/10.3390/jpm12020144
https://doi.org/10.3390/jpm12020144
https://doi.org/10.1093/brain/awv319
https://doi.org/10.1093/brain/awv319
https://doi.org/10.1136/bmjopen-2011-000628
https://doi.org/10.1136/bmjopen-2011-000628
https://doi.org/10.1002/mdc3.12552
https://doi.org/10.1186/1471-2377-5-15


395Irish Journal of Medical Science (1971 -) (2024) 193:389–395 

1 3

 13. Müller T, Harati A (2020) Levodopa improves handwriting and 
instrumental tasks in previously treated patients with Parkinson’s 
disease. J Neural Transm 127:1369–1376. https:// doi. org/ 10. 1007/ 
s00702- 020- 02246-3

 14. Nackaerts E, Heremans E, Smits-Engelsman BCM et al (2017) 
Validity and reliability of a new tool to evaluate handwriting dif-
ficulties in Parkinson’s disease. PLOS One 12:e0173157. https:// 
doi. org/ 10. 1371/ journ al. pone. 01731 57

 15. Nackaerts E, Broeder S, Pereira MP et al (2017) Handwriting 
training in Parkinson’s disease: a trade-off between size, speed 
and fluency. PLOS One 12:e0190223. https:// doi. org/ 10. 1371/ 
journ al. pone. 01902 23

 16. Impedovo D, Pirlo G (2019) Dynamic handwriting analysis for the 
assessment of neurodegenerative diseases: a pattern recognition 
perspective. IEEE Rev Biomed Eng 12:209–220. https:// doi. org/ 
10. 1109/ RBME. 2018. 28406 79

 17. Zham P, Arjunan SP, Raghav S, Kumar DK (2018) Efficacy of 
guided spiral drawing in the classification of Parkinson’s disease. 

IEEE J Biomed Health Inform 22:1648–1652. https:// doi. org/ 10. 
1109/ JBHI. 2017. 27620 08

 18. Nackaerts E, Heremans E, Vervoort G et al (2016) Relearning of 
writing skills in Parkinson’s disease after intensive amplitude train-
ing. Mov Disord 31:1209–1216. https:// doi. org/ 10. 1002/ mds. 26565

 19. Heremans E, Nackaerts E, Broeder S et al (2016) Handwriting 
impairments in people with Parkinson’s disease and freezing of 
gait. Neurorehabil Neural Repair 30:911–919. https:// doi. org/ 10. 
1177/ 15459 68316 642743

 20. Collett J, Franssen M, Winward C et al (2017) A long-term self-
managed handwriting intervention for people with Parkinson’s 
disease: results from the control group of a phase II randomized 
controlled trial. Clin Rehabil 31:1636–1645. https:// doi. org/ 10. 
1177/ 02692 15517 711232

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s00702-020-02246-3
https://doi.org/10.1007/s00702-020-02246-3
https://doi.org/10.1371/journal.pone.0173157
https://doi.org/10.1371/journal.pone.0173157
https://doi.org/10.1371/journal.pone.0190223
https://doi.org/10.1371/journal.pone.0190223
https://doi.org/10.1109/RBME.2018.2840679
https://doi.org/10.1109/RBME.2018.2840679
https://doi.org/10.1109/JBHI.2017.2762008
https://doi.org/10.1109/JBHI.2017.2762008
https://doi.org/10.1002/mds.26565
https://doi.org/10.1177/1545968316642743
https://doi.org/10.1177/1545968316642743
https://doi.org/10.1177/0269215517711232
https://doi.org/10.1177/0269215517711232

	Intensive training programme improves handwriting in a community cohort of people with Parkinson’s disease
	Abstract
	Background 
	Aims 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Results
	Participant demographics
	Analysis of inter-rater reliability
	Pre- and post-programme assessment of participants’ handwriting quality

	Discussion
	Acknowledgements 
	References


