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Abstract

Background: Rheumatoid arthritis is known to produce deformity of the joints and muscles which can affect the
handwriting of an individual significantly. Examination of such handwriting specimens can become a challenging
task for the document examiners. This can affect the accuracy of their opinions upon the related cases. Thus, the
present study was conducted to determine the effects of rheumatoid arthritis on handwriting characteristics
qualitatively and statistically. The study also included qualitative analysis and comparison of line quality defects of
copied writings and writings affected by rheumatoid arthritis.

Results: Handwriting characteristics were analyzed qualitatively and statistically in old writings vs affected writings.

affected by the illness.

affected writings.

arthritis, Copied writings

All these handwriting characteristics were also analyzed qualitatively in copied writings vs affected writings. The
results of the study showed significant deteriorating effects of rheumatoid arthritis on almost all handwriting
characteristics, except for characteristics such as slant, retouching, and overwriting. The pictorial appearance of
letters in the writings executed before and after the onset of illness was even observed to appear different
altogether in case of some individuals with severely affected writings. Moreover, the analysis of copied writings
indicated the execution of writing by a different person. Handwriting characteristics such as slant, spacing, and
alignment were observed to show insignificance in analyzing differences between copied and genuine writings

Conclusion: It has been concluded that rheumatoid arthritis causes deterioration of letters, tremor, disturbed
rhythm, and a huge variation in other handwriting characteristics. The copied writings have also presented line
quality defects like artificial tremor, hesitations, retouching, and unnatural pen lifts at all wrong places. The
determination of these peculiarities may assist the document examiners in the differentiation of copied and

Keywords: Questioned document examination, Document examiners, Handwriting characteristics, Rheumatoid

Background

Handwriting is an intricate activity that requires exten-
sive neuromuscular coordination. Physiological illnesses
like rheumatoid arthritis (RA) are known to drastically
affect the muscular control involved in the process of
handwriting (Huber and Headrick 1999). RA primarily
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affects small joints and most RA patients develop stiff-
ness, pain, swelling, and rigidity in the hand, fingers, and
wrist joints which are functional in writing. This leads to
severe deterioration in the quality of handwriting, thus,
rendering the authenticity of the process debatable (Saini
2015). Document examiners are required to acquire pre-
cise knowledge of various effects of such an illness on
the handwriting characteristics of a patient and how they
differ from forged writings.
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While multiple studies have elucidated the immense
effect of old age and illness on handwriting (Osborn
1929; Quirke 1930; Brewester 1932; Baker 1950; Hilton
1956, 1977; Harrison 1966; Miller, 1987; Saini 2015), the
present study aims to analyze the effects of rheumatoid
arthritis on handwriting characteristics, both qualita-
tively and statistically, and determine whether it is pos-
sible to compare the concerned writings executed under
the influence of rheumatoid arthritis with those written
before the onset of the illness. The study also includes
qualitative analysis and comparison of the copied writ-
ings with the handwriting samples of people affected by
RA to determine the characteristics which can be used
in the identification and differentiation of these writings.

Methods

Collection of handwriting samples

Sixty patients diagnosed with RA were included in the
study; the patients were contacted by visiting various
orthopedic hospitals, physiotherapy clinics, and related
institutions. After a comprehensive explanation of the
study, handwriting samples were collected from the in-
terested patients who provided written informed con-
sent. Demographic details of the patients were recorded
on a basic information sheet (Table 1).

As per the study objectives, two sets of handwriting
samples — genuine writings and copied writings — were
collected and prepared. Genuine writings were collected
from RA patients that included handwriting samples ex-
ecuted in 2 different health conditions — before and
after the onset of RA. All RA patients were requested to
provide samples of handwriting executed before the on-
set of RA (OH), that is, old writings from their previous
records. Sixty old writings were collected that served as

Table 1 Demographic details of rheumatoid arthritis subjects
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standard samples or control specimens. All the subjects
were then instructed to write the same content (as writ-
ten in their old writings) for standardization of the text.
The old writings were placed in front of the subjects to
help them write the same content and no instructions
were given regarding the style or manner of writing.
Thus, another set of writings, that is, sixty affected writ-
ings (AH), were collected from the patients to be com-
pared with their old writings.

Copied writings (CH) of all the affected writings were
prepared with the help of a skilled volunteer to evaluate
and identify different features of defective handwriting
between the copied and affected writings. Thus, an equal
number of copied writings (n = 60) were prepared for
the present study. No instructions were given to the vol-
unteer regarding the manner of copying.

Thus, a total of 120 genuine writings and 60 copied
writings were obtained and analyzed.

Analysis
All the handwriting samples, namely OH, AH, and CH
were compared as OH vs AH and CH vs AH; they were
analyzed and differentiated qualitatively on the basis of
change in quality, presence/absence, and increased/de-
creased number of handwriting characteristics, such as
line quality features (rhythm, tremor, pen lifts, retouch-
ing or overwriting), letter formation, writing speed,
omission of letters or parts, simplification or abbrevi-
ation of letters or parts, initial and terminal strokes, con-
necting strokes, overall slant, spacing, and
alignment.

Statistical analysis was conducted using IBM°SPSS®
Statistics software. For statistical analysis, the handwrit-
ing characteristics were coded along with variables (OH

size,

Parameters Groups Number of subjects %Age
Age Below 40 5 83
41-50 12 20
51-60 15 25
61-70 " 183
71-80 10 16.6
81-90 7 1.6
Gender Male 18 30
Female 42 70
Educational qualification Matric or below matric 20 3333
Higher secondary education 15 25
Graduation or above 25 41
Occupation Self-employed 12 4333
Job employee 43 483
Not employed 5 83

Details of all RA subjects participating in the study, showing different parameters, groups, and number of subjects belonging to each group
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and AH) and were then divided into 2 categories, “0”
and “1”, according to the quality of characteristics ob-
served (Table 2) (Saini and Kaur 2019). The handwriting
samples showing characteristics with good line quality
and constancy were placed into the “0” category,
whereas characteristics with poor or disturbed line qual-
ity and variation were placed into the “1” category.

The two samples of genuine writings, OH and AH,
were compared using a paired ¢-test. The null hypothesis
(Hp) stated that there will be no difference in handwrit-
ing features of “OH” and “AH” samples (Hy = 1 = ta).
The alternative hypothesis (H;) was that the true mean
difference between the two paired samples would not be
zero (Hy= p; # y,) (the population mean for OH is rep-
resented as “u,” and for AH is represented by “u,”). A p-
value of < 0.05 was chosen to determine statistical sig-
nificance; if p < 0.05, Hy is rejected, implying that RA
will have significant deteriorating effects on the hand-
writing characteristics.

Results
The results of the qualitative and statistical analysis have
been outlined and discussed in the following section.

Qualitative analysis

The following observations were made during the quali-
tative analysis and comparison of both OH vs AH and
CH vs AH:
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Line quality features

Rhythm

The overall deterioration of rhythm was observed in 53
out of 60 AH samples. The letter strokes in these writ-
ings indicated a lack of rhythm — angularity and a
change in the direction of strokes (Fig. 1a) was evident
in the AH samples.

The CH samples also showed an overall deterioration
of rhythm; however, these were due to the occurrence of
hesitations at all wrong places in the strokes (Fig. 1b).
This was also indicated by the copiers’ difficulty in form-
ing certain unknown forms and combinations in some
parts of the writing, while the other parts of writing
showed strokes formed with freedom and smoothness.

Tremor

Tremor was observed in 49 of the 60 AH samples as
compared to their corresponding OH samples. Tremor
was observed in the form of involuntary wavy strokes at
almost every type of stroke (including numerals) due to
a change in the writing impulse of the affected hand and
the resultant AH (Fig. 2a).

On the other hand, CH samples showed carefully
drawn tremulous strokes in the form of hesitations and
constrained strokes of a high degree that were discov-
ered at all wrong and unnatural places of the letters (Fig.
2b). Thus, the tremor observed in copied writings was
representative of artificial tremor.

Table 2 Categorization and coding of handwriting characteristics along selected variables

S. Handwriting Code Codes along Categorization of characteristics
No. characteristics variables Category 1 (0) Category 2 (1)
1. Rhythm RM RM_OH/RM_AH 0 = Smooth 1 = Deteriorated
2. Tremors ™ TM_OH/TM_AH 0 = Absent 1 = Present
3. Pen lifts PN PN_OH/PN_AH 0 = Absent 1 = Present
4. Retouching/overwriting RO RO_OH/RO_AH 0 = Absent 1 = Present
5. Letter formation DL DL_OH/DL_AH 0 = Absent 1 = Present
6. Overall writing speed WS WS_OH/WS_AH 0 = Fast 1 = Slow
7. Omission of letters/parts oM OM_OH/OM_AH 0 = Absent 1 = Present
8. Simplification/abbreviation SM SM_OH/SM_AH 0 = Absent 1 = Present
9. Initial and terminal strokes T [T_OH/IT_AH 0 = Tapered 1 = Tremulous/blunt
10. Connecting strokes NC NC_OH/NC_AH 0 = Smooth/curved 1 = Tremulous/angular
11. Overall size S| SI_OH/SI_AH 0 = Constant 1 = Increase/decrease
12. Slant SL SL_OH/SL_AH 0 = Vertical/forward/backward/mixed 1 = Variation
13. Spacing SP SP_OH/SP_AH 0 = Narrow/wide/constant 1 = Variation
14. Alignment AG AG_OH/AG_AH 0 = Horizontal/uphill/downhill/mixed 1 = Variation
Variables
1. Pre-condition (before RA) OH
2. Post-condition (after RA) AH

Categorization and coding of handwriting characteristics and variables selected for the study for statistical analysis
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Fig. 1 Rhythm. a; Handwriting before onset of RA showing rhythmic strokes of writing. a; Non-rhythmic writing strokes in RA patient. b
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Pen lifts

Pen lifts were observed in only 29 out of the 60 AH
samples. There was inconsistency in the pen lifts in the
majority of affected writings as evident from both the
occurrence at some places and lack of pen lifts in the
same writing. The samples written in the Devanagari
script demonstrated significantly high pen lifts during
the formation of “Matras” and loops (Fig. 3a). Some
writings showed bold rejoining of strokes at places of
pen lifts, whereas some of the AH writings even
reflected no extra efforts to rejoin the leftover strokes.

Additionally, the difficulty in continuing the writing was
found to cause pen lifts in the AH samples and was indi-
cative of muscular stiffness and a lack of movement
control.

Extensive pen lifts were seen at almost all unnatural
places in a considerable number of CH samples as com-
pared to the affected writings. This was also evident
from the copiers’ conscious efforts to copy the letters of
genuine writings. Also, copied writings showed peculiar
pen lifts for joining the leftover strokes by drawing the
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Fig. 2 Tremor. a; Absence of tremor in writing before onset of RA. a, Tremor in handwriting of RA patient. b, Artificial tremor observed at
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Fig. 3 Pen lifts and retouching/overwriting. a; Handwriting before onset of RA showing consistency of strokes and no retouching/overwriting. a,
Inconsistent pen lifts in handwriting of RA patient. by Absence of retouching to make correction in handwriting of RA patient. b Extra lines to
rejoin strokes at place of unnatural pen lifts along retouching and overwriting to make cautious corrections in copied writing

strokes with extra efforts in a concealing manner, indi-
cating a conscious effort by the copier (Fig. 3b).

Retouching and overwriting

Retouching was not observed in any of the AH samples
(Fig. 3a) and overwriting was found in only 16 of the 60
affected writings. Overwritten strokes in these writings
were observed in bold form and some of these AH sam-
ples had instances of overwriting where letters had not
been made properly by respective participants in the first
attempt. Overall, RA did not show any significant effect
on retouching and overwriting.

Whereas in the case of copied writings, retouching
was observed at certain strokes as compared to the
genuine AH samples (Fig. 3b). Bold overwriting was ab-
sent in these CH samples while drawing of strokes was
observed at places of overwritten strokes in the AH sam-
ples. This signifies that the copying process was under-
taken with cautious intentions (Fig. 5b).

Letter formation

Overall deterioration in letter formation was observed in
53 out of 60 AH writings. The affected writings showed
the presence of irregularities like an abrupt change in
the curvature and hesitations, indicative of the poor
quality of handwriting as opposed to their corresponding
OH samples (Fig. 4a). Also, the overall formation of let-
ters in the AH writings was more angular as compared
to their corresponding OH samples; however, the execu-
tion of letters was similar in the movement of writings
in both OH and AH samples.

For the copied writings, only a few samples showed a
complete deterioration of strokes as compared to their
corresponding genuine affected writings. Some of the
CH samples contained drawing of exactly similar letter
designs, punctuation marks, tremor, pen lifts, and cer-
tain other characteristics corresponding to their relative

positions in the text, which is suggestive of the “rubber
stamp effect”. Nevertheless, the majority of copied writ-
ings showed an effort in making similar letter designs,
but the difference in basic formation of letters indicated
a different writing hand (Fig. 4b).

Overall writing speed
A significant decline in the speed of writing was ob-
served in most of the handwriting samples (n = 41/60)
written under the effect of rheumatoid arthritis as com-
pared to the corresponding OH writings (Fig. 4a).
Strikingly, slow speed of writing was also observed in
copied writings, indicated by the presence of hesitations
or tremulous strokes at unexpected positions (Fig. 4b).

Omission of letters/parts and words
Omission of certain letters or parts of a few letters was
observed in 28 AH samples, suggestive of difficulty in
the formation of some particular letters (Fig. 5a). This
characteristic was absent in all the OH writing samples.
Copied writings for only a few subjects had omission
of whole words along with a combination of various line
quality defects (Fig. 5b). The copier even tried to copy
the exact letter designs of genuine writings in some
cases and skipped strokes at few positions while copying
because of unfamiliarity with the exact formation of
letters.

Simplification/abbreviation of letters or parts of letters

An increase in the simplification/abbreviation of writing
was done by 24 out of the 60 RA patients; simplification
of letters and even numerals was observed in these AH
samples (Fig. 6a). This change may be attributed to the
disruption of proper hand movement in forming particu-
lar letters because of the disease. However, the affected
writings of a few participants also showed a proper and
whole formation of letters and even words, despite the
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Fig. 4 Letter formation and writing speed. a; Handwriting before onset of RA showing no deterioration of letters and fast speed of writing. a,
Deterioration of letter formation and slow speed in handwriting of RA patient. b Copied writing showing efforts in drawing deteriorated letters of

affected writing along slow speed
S J

execution of simplified/abbreviated words in their old On the contrary, simplification and abbreviation of
writings. This indicates that these participants formed  writing were observed in only a few of the CH samples.
letters and words according to the copybook form even  The copier attempted to draw the simplifications ob-
after the onset of illness, indicating their conscious ef- served in affected writings but was unable to simplify
forts in forming whole and legible letters (Saini 2015). the letters or words properly in many copied writings

e N

Fig. 5 Omission of letters and words. a; Handwriting executed before onset of RA. a; Omission of whole words and bold overwritten strokes in

handwriting of RA patient. b Copied writing showing omission of a word and artificial drawing of overwritten strokes
. J
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Fig. 6 Initial, terminal, and connecting strokes, simplification of words. a; Handwriting before onset of RA showing good quality of initial,
terminal, and connecting strokes and no simplification. a, Simplified writing strokes, blunt initial and terminal strokes, and tremulous connecting
strokes in handwriting of RA patient. by Simplification of strokes and poor quality of initial, terminal, and connecting strokes in affected writing.
b, Copied writing showing inability to simplify letters, hesitating initial and terminal strokes, and tremulous connecting strokes
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(Fig. 6b). Thus, fully formed letter strokes were observed
in most of the copied writings as compared to their cor-
responding genuine writings.

Nature of initial and terminal strokes

The presence of blunt (# = 18) and mixed type (1 = 27)
of initial and terminal strokes was observed in 45 AH
samples (Fig. 6a).

Blunt and hesitating type of initial and terminal
strokes were also observed in copied writings, along with
abrupt pen pauses at unexpected positions of letters, in-
dicating the conscious efforts of the copier in starting
and ending the letters (Fig. 6b).

Nature of connecting strokes

Tremulous types of connecting strokes were observed in
34 out of 60 affected writings. The connecting headline
was missing in a few AH samples written in the Deva-
nagari script. Few samples showed the presence of
tremulous headlines above the words without joining
them with the top of letters as compared to their corre-
sponding old writings (Fig. 6a).

Tremulous types of connecting strokes were also in
CH samples; however, they were at wrong and unex-
pected places (Fig. 6b). Also, most of the samples
showed the presence of smooth strokes at unexpected
places when compared to the affected writings.

Overall size

An increase in the overall size of writing (large size) was
observed in the majority of AH writing samples (1 = 47)
as compared to their corresponding OH writings (Fig.
7a).

When compared to the corresponding AH samples,
the maximum number of copied handwriting samples
had medium-sized overall writing and was large-sized in
only 1 sample (Fig. 7b).

Slant, spacing, and alignment

As compared to their OH samples, constancy in the slant
(same as old writings) was observed in 51 AH samples,
narrow spacing between the words in 39 affected writings,
and one half of the total affected writings showed variation
in the alignment of overall writing (Fig. 8a).

On the contrary, only a few copied writings demon-
strated a change in text alignment, along with the ab-
sence of other line quality defects (Fig. 8b). Otherwise,
more than half of the copied writings were similar in the
writing alignment, slant, and spacing for their corre-
sponding affected writings.

The overall results of the qualitative analysis for OH
vs AH reveal no significant effects of RA on handwriting
characteristics such as retouching/overwriting and slant.
Moreover, the results of qualitative analysis of CH vs
AH indicate the minimal significance of handwriting
characteristics like slant, spacing, and alignment while
differentiating copied and genuine (affected) writings.

Statistical analysis

The results of the paired ¢-test showed an overall signifi-
cant effect of RA (p < 0.05) on various handwriting char-
acteristics (Table 3) including rhythm, tremor, pen lifts,
letter formation, simplification, nature of initial and ter-
minal strokes, nature of connecting strokes, the overall
size of writing, writing speed, spacing, alignment, and
omission of letters/words. On the other hand, handwrit-
ing characteristics of slant, retouching and overwriting
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Fig. 7 Overall size. a; Handwriting before onset of RA showing medium writing size. a, Increased size in handwriting of RA patient. b; Medium-
sized letters in handwriting of RA patient. b, Large size of letters in copied writing
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did not show a statistically significant difference between
the two groups (p > 0.05).

Discussion

Rheumatoid arthritis causes swelling, pain, and stiffness
in hands, fingers, or wrist, thereby affecting the hand-
writing of an individual (Huber and Headrick 1999;
Haberfehlner et al. 2011). The formation of angular
strokes is suggestive of unbalanced movement impulses
caused due to illness (Osborn 1929). However, the
abrupt changes in the direction of strokes along with the
momentarily slow speed of writing observed in the cop-
ied writings can be attributed to the bad line quality of

writing (Osborn 1929; Harrison 1966). Moreover, a lack
of control over the writing instrument was observed in
copied writings as opposed to genuine writings.

Tremor was observed at curved strokes, straight strokes
(mostly vertical), and in the loop formations (mostly
“Matras” and numerals). This may be due to the lack of
muscular control during the writing process caused by the
illness (Ellen 1989; Saini 2015; Saini and Kaur 2019).
Tremor of copied writings has been differentiated from
the natural tremor (Osborn 1929; Brewester 1932; Harri-
son 1966; Hilton 1977, 1982; Saini 2015), as shown by the
efforts made by the copier in drawing the design of tremor
present in the affected writings. Thus, copied writings
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Fig. 8 Alignment. a, Handwriting before onset of RA showing mixed alignment. a, Change in overall alignment along downhill direction in
handwriting of RA patient. b Mixed alignment in copied writing
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Table 3 Paired samples t-test results of characteristics in old vs RA affected handwriting samples

Pair Variables Mean Std. deviation t (test statistic) df (degree of freedom) Sig. (two-tailed) (p-value)
Pair 1 RM_OH/RM_AH — 483 504 - 7429 59 000
Pair 2 TM_OH/TM_AH 183 390 3639 59 001
Pair 3 PN_OH/PN_AH - 667 475 - 10.863 59 .000
Pair 4 RO_OH/RO_AH —-.100 303 - 2560 59 013
Pair 5 DL_OH/DL_AH — 483 504 - 7429 59 .000
Pair 6 WS_OH/WS_AH - 217 415 - 4.040 59 .000
Pair 7 OM_OH/OM_AH —.250 A74 - 4.086 59 000
Pair 8 SM_OH/SM_AH - 517 504 —7.942 59 .000
Pair 9 IT_OH/IT_AH — 683 469 —11.283 59 .000
Pair 10 NC_OH/NC_AH - 817 .390 - 16212 59 000
Pair 11 SI_OH/SI_AH —.150 360 —-3.227 59 008
Pair 12 SL_OH/SL_AH - 933 252 — 28740 59 .000
Pair 13 SP_OH/SP_AH - 650 481 - 10468 59 000
Pair 14 AG_OH/AG_AH — 467 503 —7.185 59 000

Results of paired t-test with mean values of differences in “OH” and “AH”", standard deviation values, significance values (two-tailed), t-values, and degree of
freedom obtained from statistical analysis of handwriting characteristics of RA subjects

indicated towards conscious act with strong muscular co-
ordination as compared to the corresponding genuine
writings with lack of muscular control.

Pen lifts were observed at only certain strokes, specifically
at turning positions of the letters and in words with bigger
letter formations which may be largely due to the muscular
pain. Thus, the position of the pen lifts can indicate the ac-
tual health condition of the writer (Osborn 1929; Harrison
1966; Hilton 1977, 1982; Saini 2015). On the other hand,
pen lifts in copied writings have been observed in the form
of hesitation marks in combination with the other line
quality defects (Harrison 1966; Saini 2015).

Overwriting in affected writings has often been ob-
served to be performed in a fearless, clear, and bold
manner despite being written under the effect of illness,
thus, signifying the genuineness of writing (Osborn
1929; Brewester, 1932 1950; Harrison 1966; Saini 2015).
Whereas, in the case of copied writings, retouching was
observed at certain strokes in a concealed manner to
make the strokes look like those of genuine writings.
Moreover, bold overwritten strokes were found to be ab-
sent in copied writings.

Deterioration in the formation of letters in varying
degrees has been observed in the majority of affected
writings (Koppenhaver 2007; Sharma 2012). The letter
strokes have not been found to be smooth due to the
muscular rigidity caused by arthritis (Sulner 1966).
Also, it may have caused inhibition of proper hand
movement required in forming particular letters. In
the case of copied writings, few samples showed de-
terioration of strokes, while a few other samples
showed conscious efforts in forming identical letter
designs.

Furthermore, the speed of handwriting has frequently
been observed to decrease in almost all affected hand-
writing samples (Hilton 1977; Saini 2015). The affected
handwriting samples have been observed to show il-
legible, scratchy, and angular strokes, which is possibly
due to the difficulty in hand movements (Osborn 1929,
Kumar 1989). In our study, the omission of letters or
their parts was observed in almost half of the AH sam-
ples. This feature may have been due to the stiffness of
muscles involved in the writing process, leading to diffi-
culty in making certain letters. Omission of letters was
also observed in a few CH samples along with the com-
bination of various line quality defects.

The formation of letters demonstrated more angularity
and slow speed, along with simplification and abbrevi-
ation of letters/words in the affected writing samples.
This may be attributed to the swelling and joint deform-
ities caused by RA. Simplifications observed in the CH
samples may be due to the unfamiliarity about the writ-
ing movements instead of a lack of muscular inhibition.

Initial and terminal strokes were found to be blunt and
executed with difficulty in only a few samples, whereas the
remaining samples showed the execution of a mixture of
both tapered and blunt strokes. Also, tremulous types of
connecting strokes were observed in a relatively angular
and zig-zag form in the majority of affected writings.

Previous studies have reported variations in the overall
size of letters in the majority of affected writings (Os-
born 1929; Hilton 1956, 1977; Miller, 1987; Saini 2015;
Saini and Kaur 2019). Our results showed that an in-
crease in the size of writing was observed in most of the
affected writings. Also, an extreme change in the size of
copied writings was observed as compared to the
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corresponding affected writings, making the visual ap-
pearance of the letters in the copied writings to be re-
markably different from their AH counterparts.

The slant of writing was the most unaffected charac-
teristic in the case of AH samples. Slant is said to be one
of the fixed writing habits and even a slight divergence
in a few strokes may cause the lack of genuineness (Os-
born 1929). Furthermore, a change in the alignment of
handwriting was also observed, which may be due to a
difference in the movement and position of the writing
arm with respect to the line of writing (Osborn 1929;
Harrison 1966; Saini 2015). A decrease in the spacing
was observed in the majority of affected writings, which
may be attributed to the difficulty in moving the writing
instrument.

Lastly, the statistical analysis to compare both the
genuine writings, OH versus AH, has demonstrated stat-
istical significance for the majority of handwriting char-
acteristics. This indicates that a well-marked difference
exists among the writings written under two different
conditions, that is, before and after the onset of illness
(Saini and Kaur 2019).

Conclusion

It can be concluded that rheumatoid arthritis brings
about considerable effects on the handwriting of an indi-
vidual owing to the development of deformities and se-
vere pain in the hand joints. However, the writing of a
person affected by RA can be distinguished from copied
writings by identifying non-genuine features, such as
artificial tremor, hesitations, delicate retouching, unnat-
ural pen lifts, and the addition of peculiar writing char-
acteristics of the copier. Meticulous assessment of these
peculiarities may help document examiners to determine
the genuineness of any questioned document. The find-
ings of the study will be helpful for document examiners
in solving the relevant cases; we also suggest that docu-
ment examiners be well-acquainted with the knowledge
of factors that may affect handwriting characteristics.
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