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riting is there presentation of thoughts and emotions in a textual
medium like paper, wood or stone with a set of symbols. The
muscular movements involved in writing are controlled by the

central nervous system (CNS).

Statistical Shape Analysis of
Handwriting of Patients with

Multiple Sclerosis

AABBSSTTRRAACCTT  OObbjjeeccttiivvee::  The aim of the present study was to determine the alterations in the hand-
writing characteristics of multiple sclerosis (MS) patients acquired along one year at three differ-
ent time points by using statistical shape analysis. MMaatteerriiaall  aanndd  MMeetthhooddss::  The handwriting samples
of multiple sclerosis patients and control subjects were taken at three different time points. Statis-
tical shape analysis of handwriting characteristics was performed. Principal coordinate analysis was
applied to tangent coordinate which derived from Procrustes analysis. RReessuullttss::  Analysis of the hand-
writing samples at different time points suggested that upper case letters, both in the same box and
in separate boxes, showed more changes in MS patients. Lower case letters in the same box showed
more changes in MS patients while lower case letters in separate boxes showed more changes in the
control subjects. CCoonncclluussiioonn::  There are only a few studies about analysis of handwriting by statis-
tical shape analysis. In recent years, it has been observed that there has been considerable interest
in the statistical analysis of shape. This study has imaginative aspects as it analyzed the handwrit-
ing characteristics of MS patients by using statistical shape analysis for the first time. We hope that
this study enables further studies using this method of application. 

KKeeyy  WWoorrddss::  Handwriting; statistical shape analysis; principal coordinate analysis

ÖÖZZEETT  AAmmaaçç::  Bu çalışmanın amacı, multipl skleroz (MS)’lu hastaların bir yıl boyunca üç farklı za-
manda alınan el yazısı karakteristiklerindeki değişimi istatistiksel şekil analizi ile incelemektir.
GGeerreeçç  vvee  YYöönntteemmlleerr::  MS’li hastaların ve kontrol grubunun el yazısı örnekleri farklı üç zaman dili-
minde elde edildi. Toplanan bu el yazısı karakteristiklerine istatistiksel şekil analizi uygulandı. Proc-
rustes analiz sonucunda elde edilen tanjant koordinatlarına temel koordinat analizi uygulandı.
BBuullgguullaarr::  Üç farklı zaman noktasında toplanan büyük harfli el yazısı örneklerinin analiz sonucunda
hem aynı kutu içerisinde hem de harflerin ayrı kutu içerisinde yer aldığı durumdaki değişim MS’li
hastalarda daha fazla bulunmuştur. Aynı kutu içerisinde küçük harfli el yazısı karakteristikleri MS’li
hastalarda daha fazla değişim gösterirken, ayrı kutulardaki küçük harfli el yazısı karakteristikleri
kontrol grubunda daha fazla değişim göstermiştir. SSoonnuuçç::  İstatistiksel şekil analizi ile el yazılarının
incelendiği çalışma sayısı oldukça azdır. Son yıllarda istatistiksel şekil analizi giderek artan bir ilgi
görmektedir. Bu çalışmanın yaratıcı olan yönü, MS’li hastaların el yazısı karakteristiklerinin ilk kez
istatistiksel şekil analiziyle incelenmesidir. Çalışmamızda kullanılan yöntemin benzer çalışmalarda
uygulanabileceğini düşünmekteyiz.

AAnnaahhttaarr  KKeelliimmeelleerr:: El yazısı;  istatistiksel şekil analizi; temel koordinat analizi
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Handwriting requires voluntary acquisition.
The learned configuration technique of a letter will
lifelong stay the same.1 Materials used during writ-
ing (paper, pen), environment (ground, illumina-
tion), loss of strength and coordination in  the
hand, arm, and shoulder due to aging, disease of
CNS like multiple sclerosis (MS), traumatic com-
plications, or alcohol use may cause permanent or
transient alterations on handwriting.2 There are
few articles, based on empirical data such as “few”
or “increased”, about the influence of MS on hand-
writing characteristics.  

There are very few studies about analysis of
handwriting by statistical shape analysis. In recent
years, it is observed that there has been consider-
able interest in the statistical analysis of shape.3 Sta-
tistical shape analysis is a geometrical analysis of
the statistics measured from sets of shapes that de-
termines the features of similar shapes or of differ-
ent groups comprising similar shapes. Distance
between shapes, mean shape and shape variation
can be predicted and obtained using statistical
shape analysis.4

The aim of this study was to determine the al-
terations in the handwriting characteristics of MS
patients acquired along one year at three different
time points by using statistical shape analysis. 

MATERIAL AND METHODS

A total of 16 MS patients, diagnosed on the basis of
McDonald’s criteria and being followed up in the
outpatient clinic of Neurology Department, Uludag
University Medical Faculty, were included in the
study. Seven of the patients were excluded due to
nonattendance at 6th and 12th month follow ups. In
addition, one of the patients was excluded because
of having attached to study at the 12th month while
taking handwriting sample. The rest of 8 MS  pa-
tients (4 females, 4 males) were included in the
study. Their ages were between 30-51 years (me-
dian= 36.00) with a disease duration of 1-19 years
(median=10.50) and the Expanded Disability Sta-
tus Scale (EDSS) of 2.5-6.5 (median=3.25). Five of
them had relapsing-remitting MS while 3 of them
were in the secondary progressive phase of MS.
The median time from the onset of secondary pro-

gression was 2 (1-5) years. The control group con-
sisted of 5 male and 11 female subjects, aged be-
tween 24 and 44 years (median=31.5). None of the
MS patients had other major clinical illnesses, had
a history of an MS attack, pseudo attack or corti-
costeroid use within 4 weeks preceding handwrit-
ing sample acquisition, a Beck Depression Rating
Scale score more than 10, or a history of substance
abuse. Informed consent was obtained from all par-
ticipants, and the university ethics committee ap-
proved the study protocol.

The handwriting samples of MS patients and
control subjects were taken at three different time
points: At baseline, 6, and 12 months after. Each
subject was asked to write the words: “BURSA” and
“bursa” within a defined box as shown (Figure 1).
The same numbers of landmarks were plotted on
the letters each handwriting sample type. There
were 10 and 9 landmarks on upper case and lower
case letters, respectively.  The studied landmarks
were plotted on the digital images by using TPS-
DIG 2.04 software.

Similar conditions such as a paper pad, a stan-
dard A4-sized paper and a medium ballpoint pen
were maintained. The letters were written while
seated at a table and chair appropriate for the
height of the subject in a quiet room under ade-
quate illumination and without distractions.

FIGURE 1: Landmarks on handwriting sample.
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Statistical shape analysis of handwriting char-
acteristics was performed. In statistical shape
analysis, generalized Procrustes analysis was used
for evaluating shapes of the letters. Procrustes
analysis is known in shape analysis as the approach
that obtains the minimum sum of squared differ-
ences between the landmarks. Procrustes analysis
involves matching configurations with similarity
transformations (translation, rotation, scaling) to
be as close as possible according to Euclidean dis-
tance, using least squares techniques.4 After using
principal coordinate analysis, handwriting samples
of classification and changes were examined for MS
patients and control subjects at different time
points. Principal coordinate analysis was applied to
tangent coordinate which derived from Procrustes
analysis. Euclidean distance is used in principal co-
ordinate analysis. In this study, the R 2.11 and
PAST 1.84 software were used for the statistical
analysis. 

RESULTS

Analysis of the written samples “BURSA” (each let-
ter written in a separate box) (Figure 1a) showed
variance explanation rates for the first three com-
ponents considered in MS patients and control sub-
jects as 74.02% and 53.07%, respectively  (Figure
2, Figure 3).

The variance explanation rates for the first
three components of the written samples “BURSA”
(the whole word written in the same box) (Figure1
b) were 62.89% and 61.05% in MS patients and
control subjects, respectively (Figure 4, Figure 5).

According to the analysis results of the written
samples “bursa” (each letter written in a separate
box) (Figure1 c), variance explanation rates for the
first three components considered in MS patients
and control subjects were 54.98% and 59.60%, re-
spectively (Figure 6, Figure 7).

FIGURE 2: Scatter graphs with  95% confidence ellipses and Principal Coordinate Analysis results of multiple sclerosis patients for 
(See for colored form http://tipbilimleri.turkiyeklinikleri.com/)

B U R S A
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FIGURE 3: Scatter graphs with 95% confidence ellipses and Principal Coordinate Analysis results of the controls for  
(See for colored form http://tipbilimleri.turkiyeklinikleri.com/)

B U R S A

FIGURE 4: Scatter graphs with 95% confidence ellipses and Principal Coordinate Analysis results of multiple sclerosis patients for  
(See for colored form http://tipbilimleri.turkiyeklinikleri.com/)

BURSA
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FIGURE 5: Scatter graphs with 95% confidence ellipses and Principal Coordinate Analysis results of the controls for  
(See for colored form http://tipbilimleri.turkiyeklinikleri.com/)

BURSA

FIGURE 6: Scatter graphs with 95% confidence ellipses and Principal Coordinate Analysis results of multiple sclerosis patients for 
(See for colored form http://tipbilimleri.turkiyeklinikleri.com/)

b u r s a
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FIGURE 7: Scattergraphs with 95% confidence ellipses and Principal Coordinate Analysis results of the controls for  
(See for colored form http://tipbilimleri.turkiyeklinikleri.com/)

b u r s a

FIGURE 8: Scatter graphs with 95% confidence ellipses and Principal Coordinate Analysis results of multiple sclerosis patients for  
(See for colored form http://tipbilimleri.turkiyeklinikleri.com/)

bursa
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The variance explanation rates for the first
three components of the written samples “BURSA”
(the whole word written in the same box) (Figure
1d) were 68.60% and 65.22% in MS patients and
control subjects, respectively (Figure 8, Figure 9).

DISCUSSION

In the last two decades, a growing interest has been
observed in the use of statistical shape analysis in
the field of medicine. The main reasons for use of
statistical shape analysis widely in medicine are
advances in imaging technology and tendency to
investigate the effects of diseases and the environ-
mental factors’ effects on the structure of the organ
or organism.5

There are studies about handwriting changes
in neurological disorders, but most of them were
concentrated on dystonia, stroke, Parkinson’s or
Huntington’s disease.6-9 Despite common occur-
rence of handwriting deficits in MS, there are a
limited number of manuscripts on this aspect of MS
in the literature. Some of them were done in MS
patients with tremor; some in MS with a motor dis-

order of handwriting. All of them used different
methods to analyze the handwriting samples.10-14

Analysis of the handwriting samples at differ-
ent time points suggested that upper case letters,
both in the same box and in separate boxes, showed
more changes in MS patients. Lower case letters in
the same box showed more changes in MS patients
while lower case letters in separate boxes showed
more changes in the control subjects. Changes in
the upper case letters being more prominent in MS
patients may be the result of the difficulty attrib-
uted to their longer straight lines and more diffi-
cult perpendicular angles. 

None of MS patients, except one, showed pro-
gression during the study. EDSS of the patient with
disease progression increased from 4.0 to 5.5 with-
out any attack. Therefore the changes in upper case
letters written by the same MS patient at different
time points may be attributed to vulnerability of
fine motor control system in MS patients in time. 

Application of statistical shape analysis of
organ and organism are very common. However,
there are very few studies about analysis of hand-

FIGURE 9: Scatter graphs with 95% confidence ellipses and Principal Coordinate Analysis results of the controls for
(See for colored form http://tipbilimleri.turkiyeklinikleri.com/)

bursa
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writing by statistical shape analysis.15-19 Only Ar-
slan and Guney examined shape changes between
characters written by left-handed and right-
handed persons and females and males.20

The novelty of this study is due to rarity of
handwriting analysis in patients with MS, follow-
up of MS patients for one year, and use of statisti-
cal shape analysis  for handwriting analysis. One
limitation of the study is its short duration and
small numbers of participants. It would be valuable
to perform a longer study with more MS patients
taking the long duration of MS into consideration. 

This study has imaginative aspects as it ana-
lyzed the handwriting characteristics of MS pa-
tients by using statistical shape analysis for the first
time. 

CONCLUSION

This study showed the presence of changes in the
handwritings of MS patients compared to control
subjects within one year period by using statisti-
cal shape analysis. We hope that this study enables
further studies using similar methods of applica-
tion.
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