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ABSTRACT

Background: Most human palms present have primary creases, but some
present only 1-2 creases. PIC model described 21 variants. Previous studies
showed great variation in different variants'incidence in different countries
and ethnic groups. Correlation between PIC variants and students” academic
performance is proposed. This study aimed to describe different PIC variants
incidence in KFU College of medicine Saudi male students and assessing
relationship between variants’ types and academic performance. Methodology:
A cross-sectional study conducted on 175 KFU College of medicine male
students, years 1-4. Each student signed data collection form and recorded his
data. PIC patterns of both hands were recorded and photograph of both palms
was picked. Data were statistically analyzed using IBM SPSS 24% version.
Results: Out of previously described 21 PIC variants, only 10 variants found in
students’ palms (310, 300, 311a, 311b, 312, 321c, 321d, 200, 201, 211). Our study
revealed new variants (PIC 320, 400, 410,510). There was high incidence of
bilateral symmetrical variants. Commonest variant was PIC 310 and
300.Academic performance was in students
symmetrical variants, PIC (300-300) than (310-310). Within PIC 310-310,

higher performance was present in students having symmetrical meeting

higher having bilateral

points. Academic performance was highest in bilateral two-creases (4.75+0.35)
than in unilateral two-crease (3.67+0.52) variants. Conclusions: Similarity of
variants in both palms was associated with higher academic performance
(more prominent in those with similarity in points of meeting). Presence of
new variants raises importance of performing further studies to find other

new variants.

Keywords: Palmar creases, PIC, Academic performance, incidence, Saudi

male students
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1. INTRODUCTION

There are 3 primary palmar creases in most human hands; radial longitudinal crease (RLC), proximal transverse crease (PTC), and
distal transverse crease (DTC). However, some primary creases may not be present in some individuals. Depending on numbers of
Primary creases (P: 1-3), Intersections of primary creases (I: 0 — 2) and Complete transverse Creases (C: 0 —2), Van Mensvoort (2009)
described 21 different variants of primary palmar creases (PIC model), each formed of 3 digits. Palmar transverse creases may be
incomplete or complete. Offei et al., (2014) used PIC model to study incidence of palmar creases variants and their relation to
academic performance in Ghanaian secondary school students.

The primary palmar creases develop in embryos between 3 and 5" months (same period of brain development, where genetic
makeup plays the major role before environmental factors affect brain development) (Hirsch & Schweighel, 1973; Cannon et al.,
1994). This explains high incidence of complete transverse palmar crease (CTC) variants together with intellectual disability in
trisomy syndromes (Bagga, 1991; Than et al., 1998; Nazarabadi et al., 2007). The pattern of primary creases is genetically determined
(Kong et al., 2006; Gutierez et al., 2012). Previous studies revealed variations in incidence of complete palmar creases in different
populations and between different ethnic groups in same population (Dar et al., 1977; Malla et al., 2010; Sharma & Sharma, 2011).

PIC variants without CTC (310 and 300) are the most common variants (Wu et al., 2004; van Mensvoort, 2009; Offei et al., 2014).
CTC variants are frequently present in chromosomal abnormalities e.g. Down syndrome (Purvis-Smith, 1972; Rignell, 1987;
Nazarabadi et al., 2007). However, presence of CTC has been also reported in normal individuals and many exceptionally
intelligent people (Lde Lestrange, 1969; Hernandez, 1985; Moore et al., 2018). Palmar creases are helpful in revealing the
anthropologic characteristics of populations of different ethnic origins. For example, frequencies of normal, Simian, and Sydney
creases are different between Caucasians and Negroes (Dar et al., 1977). Although general incidence of complete palmar creases in
normal Nepalese children was 14.6%, Malla et al., (2010) found great variation in incidence of these Creases in different Nepalese
ethnic groups ranging from 2.4 % in Tamang to 71.2 % in Lama. Adetona et al., (2012) reported very low incidence of complete
palmar creases in Nigerians.

Palmprints unusual variants can be used as diagnostic indicator to some genetic or medical disorders (Lopuszanska &
Jankowska, 2001). Some variants are more frequent in some genetic disorders as Down's, Edward’s, Patau’s syndromes, mental and
psychiatric disorders, Turner and Klinefelter syndromes, fetal alcoholic syndrome and are useful in anthropologic studies (Bagga,
1991; Schaumann & Kimura, 1991; Stevenson et al., 1997; Than et al., 1998; Kava et al., 2004; Jones et al., 2006; Nazarabadi et al.,
2007; Park, 2010). CTC variants were associated with delayed development, learning difficulties and/or behavioral disorders
(Johnson & Opitz, 1971). Offei et al., (2014) used the PIC model to study incidence of palmar creases” variants in Ghana secondary
school students. They correlated different variants with academic achievement of secondary school students.

To our knowledge, no research is done on palmar creases in Saudi Arabia. Identification of most frequent and rare variants of
palmar creases will add new information to anthropological characteristics of Saudi community. This study is planned to 1.
Describe incidence of different PIC variants in KFU College of medicine Saudi male students. 2. Assess relationship between

different variants and students' academic achievement (GPA)

2. SUBJECTS AND METHODS

Research design
Our research is a cross-sectional descriptive study conducted on KFU College of medicine male students in years 1-4, during the
period from 27 November 2020 to 27 March 2021.

Research population

Male students of KFU College of medicine were invited to share in our research. 175 male students agreed to share. Their age
ranges from 19 to 23 years.

- Inclusion criteria: male KFU medical students at First to fourth years.

- Exclusion criteria: Presence of disfiguring hand lesions.

Procedure
Each student was asked to sign the data collection form and record his name, academic number, GPA. Then, photograph of his
palmswas picked and pattern of palmar creases in right and left hands was recorded according to the PIC system (van Mensvoort,

20091). According to PIC model, the pattern of palm creases was described as 3 digits (the first represents the number of the
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primary creases (1 — 3), the middle represents number of intersection between the primary creases (0 — 2), the last represents the
number of complete transverse creases (0 — 2).

Presence of complete transverse crease was described according to the criteria of CTC as Simian (single transverse crease),
Sydney (complete PTC + normal DTC) or Suwon (normal PTC + complete DTC). Also we classified the point of meeting between
the radial crease and proximal transverse crease from 1 to 4, according to its level in relation to fingers (point 1 at the level of lateral
margin of index finger, point 2 at level of midline of index finger, point 3 at level of the cleft between index and middle fingers,

point 4 at level of the midline of middle finger).

Statistical analyses
The data were entered and statistically analyzed using IBM SPSS 24 version.

Ethical consideration
Our research was accepted and permitted by the ethical committee of KFU College of medicine. Participants were properly
informed about required data and study objectives and assured about confidentiality of their data. Written consent was obtained
from each participant.

3. RESULTS

PIC variants in KFU College of medicine male students
Out of the previously described 21 variants, we found only 10 variants {310, 300, 311a (Sydney crease), 311b (Suwon crease), 312,
321¢, 321d, 200, 201, 211} (table 1 and Fig 1-2).

Table 1 PIC variants in the hands of KFU College of medicine students.

. Left hand Right hand Both hands Total

PIC variants
No % No % No | % No | %

310 8 4.57 5 2.86 128 | 73.14 141 | 80.57
300 5 2.86 10 5.71 22 12.57 37 21.14
311a (Sydney) | 3 1.71 1 0.57 0 0.00 4 2.29
311b (Suwon) | 0 0.00 1 0.57 0 0.00 1 0.57
312 0 0.00 2 1.14 0 0.00 2 1.14
321c 0 0.00 1 0.57 0 0.00 1 0.57
321d 1 0.57 0 0.00 0 0.00 1 0.57
200 1 0.57 2 1.14 1 0.57 4 2.29
201 2 1.14 1 0.57 0 0.00 3 1.71
211 1 0.57 1 0.57 1 0.57 3 1.71
New variants
320 1 0.57 0 0.00 0 0.00 1 0.57
400 0 0.00 1 0.57 0 0.00 1 0.57
410 1 0.57 0 0.00 0 0.00 1 0.57
510 0 0.00 1 0.57 0 0.00 1 0.57

Most frequent variant was 310 (total 141 (80.57%)), mostly symmetrical (both hands of 128-students (73.14%)). Second
commonest variant was 300 (total 37 (21.14%)), mostly symmetrical (both hands of 22-students (12.57%)) (Table 1, Fig. 1). Other less
frequent variants are shown in Fig. 2, 3 and Table 1. Complete transverse creases (CTC) are shown in Fig. 1d, 2d and Table 1. We
observed new variants (not described in PIC system), namely PIC 320, 400, 410, 510 (Fig. 3a, b, c) and a new 310 variant with
intersection between PTC and DTC (Fig. 3d).
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Figure 1 Symmetrical PIC patterns among KFU medical students (Lt. Hand — Rt. Hand): a. 310 -310, b. 300 — 300, c. 200 -200, d. 211 -

211. (Black arrows = number of creases, blue arrows mark points of meeting and red arrows mark complete transverse creases)

Figure 2 Asymmetrical PIC patterns among KFU medical students (Lt. Hand — Rt. Hand): a. 310 -300, b. 310 — 201, c. 200 -300, d.
310-211. (Black arrows = number of creases, blue arrows mark points of meeting and red arrows mark complete transverse creases)

Page1806
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Figure 3 New PIC patterns among KFU medical students (in Lt and Rt. Hands): a. 320 — 310 (320: 2 meeting points in left hand with
no complete crease, 310: usual meeting between PTC and RLC). b. 310 - 400, c. 410 — 510, d. 300 — 310N (meeting between PTC and

DTC). (Black arrows = number of creases, blue arrows mark points of meeting)

Symmetry of PIC variants in both hands
Symmetrical variants (same pattern in both hands) were present in 152 (86.86%) students (Table 1, Fig. 1). Asymmetrical variants
(different patterns in both hands) were present in 23 (13.14%) students (Table 1, Fig.2).

Meeting between radial crease, PTC and DTC

Meeting between radial crease and PTC was found in most students either in both hands (88-50.29%), or in left (34-19.43%) or right
hand (30-17.14%). Points of meeting showed variation ranging from point 1 (level of lateral side of index finger) to point 4 (level of
midline of middle finger). Both hands may have same point or different points of meeting of these 2 lines (table 2). We found
meeting between PTC and DCT in one right hand (Fig. 3d) and 3 Lt Hands.

Table 2 Meeting between radial longitudinal crease and proximal transverse crease in the hands of KFU College of medicine

students.
No. of students Total hands
Left hand Right hand Both hands
) . (175) (350)

Meeting points

No % No % No % No % No %
Absent 30 17.14 34 19.43 23 13.14 87 49.71 110 31.43
Present 34 19.43 30 17.14 88 50.29 152 86.86 240 68.57
Point 1 1 0.57 2 1.14 2 1.14 5 2.86 7 2.00
Point 2 8 4.57 6 3.43 16 9.14 30 17.14 46 13.14
Point 3 14 8.00 16 9.14 55 3143 85 48.57 140 40.00
Point 4 11 6.29 6 3.43 15 8.57 32 18.29 47 13.43

Level of point of meeting between radial crease and PTC
Table 2 shows presence or absence of meeting between primary creases in one or both hands. Presence of meeting points was more
frequent than their absence. Bilateral meeting points were more frequent than unilateral meeting points. Out of 1-4 levels of meeting
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points, commonest meeting is point 3 (at level of cleft between index and middle fingers) followed by point 2 (at level of midline of
index finger) (Table 2).

Correlation between PIC variants and students' academic performance

Our results revealed higher academic performance among students with symmetrical PIC variants than those with asymmetrical
variants, though not statistically significant (p-value = 0.5). Highest performance was found in symmetrical followed by
asymmetrical bilateral 2 creases variants. Although symmetrical PIC 300 students have higher academic performance than
symmetrical 310 students, symmetrical 310 students with symmetrical meeting point 1 or 2 had a higher performance. The least

academic performance was found in students having CTC and unilateral 2 creases variants (Table 3).

Table 3 KFU College of medicine students' academic performance according to different PIC variants

GPA
PIC variants Number (%) GPA - Range
(Mean + SD)

All symmetrical 152 86.86 | 2-5 4+0.68
Symmetrical 310 (All) 128 7314 | 2-5 3.99 +0.69
Symmetrical 310 +Symmetrical point of meeting
Point 1 2 1.14 4-5 4.38+0.53
Point 2 21 12.00 | 3-5 4.13+0.63
Point 3 59 3371 | 3-5 3.90+0.63
Point 4 16 9.14 3-5 3.90+0.78
Symmetrical 300 22 1257 | 3-5 4.01+0.69
Symmetrical 2 creases 2 1.14 45-5 4.75+0.35
All asymmetrical 23 13.14 | 3-4.75 3.74+0.63
Asymmetrical bilateral 3

15 8.57 3-4.75 3.69+0.66
creases
Asymmetrical bilateral 2

2 1.14 4.5-475 4.63£1.77
creases
Asymmetrical unilateral 2

6 3.43 3-45 3.67+0.52
creases
All 2 creases 10 5.71 3-5 4.08+0.67
CTC variants 10 5.71 2-5 3.22 +1.52

4. DISCUSSION

PIC variants in KFU College of medicine male students

The PIC classification depends on 3 criteria: number of creases (1-3), intersection between creases (0-2) and presence of complete
transverse crease (0-2) The PIC classification of primary palmar creases presented 21 variants (van Mensvoort, 2009; Offei et al.,
2014). Out of these PIC variants, our results showed only 10 variants in hands of our students. However, we observed new variants
(not described previously), namely PIC 320 (2 meeting points without complete transverse crease), 400, 410 and 510, each of them is
seen only in one hand. Commonest variants observed in our results are also described as commonest variants by other researchers,
but no one reported our new variants (Dar et al., 1977; Hernandez, 1985; Wu et al., 2004; van Mensvoort, 2009; Park, 2010; Adetona
et al., 2012; Offei et al., 2014; Moore et al., 2018; Mekbeb, 2019; Ranijit et al., 2019).

Moreover, in 310 variants in PIC model, the intersection is between radial crease and PTC (van Mensvoort, 2009; Offei et al.,
2014). This type of intersection is found in all 310 variants of our study except in one right hand (with intersection between PTC and
DTC). This pattern is not described in PIC model and not reported by previous studies (Dar et al.,, 1977, Hernandez, 1985;
Schaumann & Kimura, 1991; Wu et al., 2004; van Mensvoort, 2009; Park, 2010; Adetona et al., 2012; Offei et al., 2014; Moore et al.,
2018). So according to our results, 310 variants should be classified into 2 variants (the original 310 variant as 310a-which is very
common) and our new variant 310b (which is very rare — found only in one (0.29%) out of 350 hands).

Symmetrical PIC variants in both hands were the most frequent patterns in our study, found in 152 (86.85%) students. The
commonest symmetrical pattern was PIC 310, followed by PIC 300. Our incidence of symmetrical patterns is higher than that

reported by Offei et al., (2014) who reported symmetrical patterns in (76.2%) of their cases. Ranjit et al., (2019) reported higher
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incidence (82.3%) of symmetrical variantsbut still less than our incidence. Ranjit et al., (2019) described 310 variants as 2 forms:
closed palm crease and meeting palm crease. Their meeting palm crease corresponds to meeting point-1 and closed palm crease to
meeting points-2, 3, 4 of our study. Incidence of complete transverse creases; Simian (3.42%), Sydney (2.29%) and Suwon (0.57%)
creases was low in our study. In palms of medical and dental students, Mekbeb (2019) reported higher incidence of different
complete transverse crease variants (Simian 6.3%, Sydney 3.5%and Suwon 4.1%). Other studies also reported variable but higher
incidences of different complete creases (Oyinbo & Fawehinmi, 2008; Park, 2010; Sharma & Sharma, 2011; Alhaji et al., 2015; Ranjit
etal., 2019).

Meeting between radial crease, PTC and DTC
Our results revealed high incidence of meeting between radial crease and PTC. Out of 350 hands, this meeting was observed in 240
hands (68.57%) of 152 students (86.86%). Moreover, meeting between PTC and DTC was very rare, observed only in one-right Hand
and 3-left Hands associating second meeting between PTC and radial crease. This informationis not reported in previous studies
(Dar et al., 1977; Hernandez, 1985; Schaumann & Kimura, 1991; Wu et al., 2004; van Mensvoort, 2009; Malla et al., 2010; Park, 2010;
Sharma & Sharma, 2011; Adetona et al., 2012; Gutierez et al., 2012; Offei et al., 2014).

We further classified points of meeting between radial crease and PTC into different levels ranging from 1-4. According to
meeting points, we classified meeting patterns as symmetrical (same point of meeting in both hands) or asymmetrical (meeting in
only one hand or different levels of meeting in both hands). Symmetrical meeting points were more frequent (50.29%) than

asymmetrical meeting points (36.57%) and bilateral absence of meeting points (13.14%).

Correlation between academic performance and PIC variants
Academic performance of students was higher in all symmetrical groups (4+0.68) than asymmetrical groups (3.74+0.63). Our results
support results of Offei et al., (2014). Highest performance was found in bilateral 2 creases variants (symmetrical then
asymmetrical). Although symmetrical PIC 300 students had higher academic performance than symmetrical 310 students,
symmetrical 310 students with symmetrical meeting points 1 or 2 had a higher performance than symmetrical 300 students (mean
GPA was highest in symmetrical meeting point 2). The least academic performance was found in students having CTC and
asymmetrical unilateral 2 creases variants.

This information is not reported in previous studies and can be helpful as one of the criteria for admission to medical Colleges

(requiring high academic performance).

5. CONCLUSIONS

Saudi students showed only 10 PIC variants out of previously described 21 variants. New variants were seen in Saudi students.
Commonest patterns are symmetrical patterns. Meeting points were studied and classified into 1-4. Single meeting points between
radial crease and PTC was observed in most students (86.86%). Our results revealed correlation between GPA and PIC variants. It

can be a criterion for admission to medical Colleges.

Recommendations

We recommend the following;:

1. Conducting further studies in other groups of Saudi population (as other Colleges) to determine anthropological characteristics of
Saudi community.

2. Examination of hands to confirm full symmetry of major and minor details of palmar creases may be considered as one of criteria

for higher academic performance and can be added to criteria used for admission to different medical Colleges.

Abbreviations

CTC:  Complete Transverse Crease

DTC:  Distal Transverse Crease

KFU:  King Faisal University

PIC: P= number of primary lines, I= number of intersections, C= number of complete lines

PTC: Proximal Transverse Crease
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