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SYNOPSIS

The nail plate’s convex shape in both the longitudinal and transverse directions is thought
to contribute to its mechanical rigidity, and overcurvature can be a symptom of local
and/or systemic disorders. While a number of methods to measure the longitudinal nail
curvature have been proposed, evaluation of the transverse nail curvature has been
largely limited to visual estimation of overcurved nail plates. The aim of this study was
therefore to measure the transverse curvature of healthy adult fingernail plates, and
thereby provide a baseline range for ‘normal curved’ nail plates. In addition, the influence
of gender, age, hand size and hand dominance on the transverse fingernail curvature was
investigated. The transverse fingernail curvature in 92 males and 90 females (aged 21-90
years) was measured using a set of radius gauges, and the nail plate curvature was
expressed as the radius of a circle whose curve most closely approximated that of the nail
plate. ANOVA was used to investigate the influence of digit nature on curvature, while
general linear model was used to assess the influence of gender, age, and hand length,
breadth and dominance on transverse nail curvature. Subsequently, the influence of hand
dominance and age were further examined by paired t test and ANOVA respectively. In
this paper, baseline values for the transverse nailplate curvature of the thumb, index, and
middle, ring and little fingers are presented. The thumbnail is the flattest, followed jointly
by the index and middle fingernails, then the ring fingernail and finally the little fingernail.
Transverse nail curvature is influenced by a person’s gender, age, hand dominance and
hand width, but not by hand length. Thus, nails are flatter in the dominant hand, in males,
in older individuals, and in those with wider hands.
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INTRODUCTION

Commonly referred to as the nail, the nail plate - a thin, hard yet slightly elastic, convex
structure - is curved both longitudinally (in the direction of nail growth) and transversely
(perpendicular to the direction of growth). This double curvature is thought to contribute
to its mechanical rigidity [1]. Overcurvature is associated with local and systemic
disorders. For example, nail clubbing, where the nail plates are overcurved in both
longitudinal and transverse axes is a symptom of broncho-pulmonary and cardiovascular
diseases, while excessive longitudinal overcurvature such that the nails are claw-like is
seen in chronic crack cocaine use [2]. Overcurvature that is confined to the transverse
axis can also occur, and has been observed in pincer nail, onychomatricoma [3], subungual
myxoid cysts [4], median rhomboid glossitis [5] and in patients suffering from systemic
sclerosis, where nail changes were suggested as potential diagnostic clues [6]. The
transverse overcurvature can remain the same along the whole nail length or occur



sharply at one or both of the lateral margins of the nail plate, or increase along the length
of the nail becoming maximal at the distal fingertip [7].

Despite the importance of nail curvature as a symptom of local and/or systemic disorders,
there is little literature on the quantification of transverse nail curvature, although a
number of methods have been developed to quantify longitudinal overcurvature [8, 9].
Changes in transverse nail curvature have been largely observed visually [3-6], and to the
author’s knowledge, there is no data on the nail plate’s ‘normal’ transverse curvature,
although morbidity associated with transverse overcurvature is well documented [7].

Thus, the aim of the reported study was to measure the transverse curvature of healthy
adult nail plates in order to provide a baseline range for ‘normal’ transverse curvature.
The provided baseline values could, in future, be used when transverse nail curvature is
considered as a diagnostic tool in disease states.

As well as providing baseline values for ‘normal’ transverse nail curvature, the factors
which might influence the transverse nail curvature in adults were investigated. Nail
transverse curvature can be expected to be different in men and women as the latter’s
generally smaller size would be reflected in smaller hands and nails which could influence
the nail plate’s curvature. Even within the genders, hand size is expected to be a factor in
nail curvature. The observation that the right and left opposite fingernails rarely had the
same transverse curvature led to the hypothesis that an individual’s handedness and
consequent pronounced use of one hand at the expense of the other could influence nail
curvature. Similarly greater cumulative use of one’s hands/fingers as one ages could
influence nail curvature. Thus, the influence of the following factors: gender, age,
handedness and hand size (hand length and width) on the transverse nail curvature was
investigated using general linear model.

MATERIALS AND METHODS

Data collection

The study was approved by the ethics committee, and participants (92 male & 90 female
adults, age 21-90 years old) were recruited from the School, a residential home, and
family and friends. Participants were recruited at random, ensuring approximately equal
numbers of males and females and in the age groups 21-39, 40-59 and 60+ years. The
participants were asked for their age, height (as an indicator of size) and
preferred/dominant hand, and the length and breadth of both hands was measured to the
nearest mm using a self-retracting pocket tape measure at the positions shown in Fig. 1.
Hand length (midpoint of tip of middle finger to distal wrist crease) and breadth (across
finger knuckles) was measured on the palmar side, with the hands held straight and flat,
and with the fingers together.



Nail transverse curvature was expressed as the radius of the circle whose curve most
closely approximates that of the nail plate as shown in Fig. 2, and was measured using a
set of stainless steel radius gauges (0.3969mm-12.7000mm from JH Grant, England &
13.4938mm-17.4625mm were built in-house). The radius gauge was placed against the
surface of the nail plate, mid-way along its length (excluding the opaque free edge), as
shown in Fig. 3, and the gauge whose curvature most closely matched that of the nail
plate was identified. It must be noted that because nail plates are rarely part of perfect
circles, the methodology is not exact, but gives a close estimate. In all cases, the curvature
of the topmost part of the nailplate was recorded, as shown in Fig. 2c. For each
participant, the curvature of all healthy fingernails was measured; nails that were bitten or
damaged in any way were excluded from the study. To eliminate inter-operator error, all
measurements were conducted by the author.

Statistical analyses

Fingernail curvature of all five digits, of the right and left hands, in dextral and sinistral
participants, in males and females of different ages were available for analysis. No gross
deviation from normality was observed. ANOVA was used to investigate the influence of
digit nature on transverse nail curvature in males and females, with the right and left
hands and right- and left- handed individuals being grouped together. General Linear
model was performed separately for the five digits to investigate the influence of gender,
age, and hand length, breadth and dominance on transverse nail curvature.
Subsequently, the influence of hand dominance was investigated further by using paired t
tests to compare the left and right hand fingernail curvatures in dextral and sinistral
individuals. The influence of age was also confirmed by grouping the participants into
three age groups: <40, 40-59 and 60+ years old, and comparing the nail curvatures by
ANOVA. In each age group, there were approximately 30 males and 30 females. SPSS
18.0 was used to conduct all statistical analyses.

RESULTS AND DISCUSSION

Summary statistics

Summary statistics for the age, hand length and breadth for the 92 adult males and 90
adult females who participated in the study are provided in Table I. Males and females
had a fairly similar age range. However, as expected, males were taller and had larger
(longer and broader) hands than females. The mean hand lengths and breadths measured
in this study were similar to those reported by Kember et al [10] who measured the hands
of 300 female and 300 male British workers. When handedness of the participants was
analysed, it was found that the sample consisted of 10 sinistral males, 8 sinistral females,
82 dextral males and 82 dextral females. The small percentage (approximately 10%) of
sinistral participants, and the greater preponderance of left-handedness in males (11% in
males vs 9% in females) in the sample reflects similar percentages and preponderance in
the general population [11].



Transverse fingernail curvature of digits 1-5

Transverse nail curvature was expressed as the radius of a circle whose curve most closely
approximated the transverse curve of the nail plate as shown in Fig. 2. Thus, flatter nail
plates have larger radii of curvature compared to curved ones. The nail curvatures in
digits 1-5, of the left and right hands, in dextral and sinistral males and females are shown
in Table Il. The latter table shows large differences in nail curvature of the five digits and
between males and females. In contrast, hand side (right/left) and handedness were
associated with much smaller differences in nail curvature.

Due to the small influence of hand side and handedness on nail curvature, it was decided
to group these variables in order to reduce the large amount of data in Table Il and
establish mean nail curvatures of the different digits (Fig. 4). It can be seen that in both
males and females, thumbnails are have the largest radii, i.e. are the flattest, followed
jointly by the index and the middle fingernails, then the ring fingernails and finally by the
little fingernails i.e. thumb > index = middle > ring > little finger. The difference in
curvature was statistically significant (ANOVA, males: p<0.01; females: p<0.01). The
multiple comparison Tukey test indicated that the mean curvature of the fingernails were
significantly different from one another except for the index and middle fingernails which
had similar curvatures (p=0.3 and 0.6 for males and females respectively).

The order of radius of nail curvatures: thumb > index = middle > ring > little finger could
reflect the size of the fingers at the distal phalanx. While the latter was not measured in
this study, an indication of the distal finger size is provided by the hands’ distal
interphalangeal joint breadths shown in Table Il (calculated from [10]). Bearing in mind
that the data are from two different studies, the order of nail curvature (thumb > index =
middle > ring > little finger) seems to reflect that of the distal interphalangeal joint
breadth.

Influence of gender, age, hand size and hand dominance on transverse fingernail
curvature

As mentioned above, gender, hand side and handedness appear to influence nail
curvature (Table IlI). Hand side and handedness can be more effectively combined into
one variable — hand dominance. Preliminary investigations also showed nail curvature to
correlate with age, hand length and breadth. Subsequently, General Linear Model was
performed separately for the five fingernails to investigate the influence of gender, age,
hand length, breadth and dominance on transverse nail curvature. As gender was shown
to have a large influence on nail curvature (Fig. 4, Table 1), hierarchical multiple regression
was performed, to control for the influence of gender.

The general linear models for the five digits nail curvatures showed a highly significant
influence of gender (p<0.05), which explained between 26% and 33% of the total variance.
Males have flatter fingernails. After controlling for gender, age, hand breadth and hand



dominance explained a further 10% to 18% of the total variance, and were also significant
factors (p<0.05). The nails of the dominant hand are flatter, and older persons and those
with wider hands have flatter nails. In contrast, hand length was not significantly
associated with nail curvature (p>0.2).

The observed influence of gender i.e. males having flatter nails than females, reflects the
males’ larger size (Table I). Larger adults generally have larger hands and thicker fingers
whose fingernails would be flatter, in an analogous manner to the flatter nail in the wider
thumbnail compared to the other fingernails as discussed above. Similarly, the influence
of hand breadth could be explained. Wider hands are expected to have thicker fingers,
whose fingernails would be flatter.

The influence of hand dominance on nail curvatures was intriguing and was investigated
further by examining dextral and sinistral individuals separately. It can be seen from Table
Il that the dominant fingernail was always flatter (i.e. had a greater radius of curvature)
than the non-dominant one in dextral individuals, but not in sinistral ones. Statistically,
the difference between the dominant and non-dominant nail curvature was significant in
dextral individuals (paired t-test, p <0.01), but not in sinistral ones (paired t-test, p>0.01).
While the much larger number of dextral compared to sinistral participants (164 versus
18) is expected to make even small differences statistically significant, the slightly greater
and consistent difference in dominant/non-dominant nail curvature in dextral individuals
compared to sinistral ones can be seen in Table Il

The influence of hand dominance on nail curvatures suggests that a greater usage of a
particular hand/fingers leads to flatter nails. While speculative, this could explain the
difference between dextral and sinistral individuals. It is known that a large proportion of
dextral individuals are strongly right-handed i.e. they carry out more tasks with their
preferred hand, while sinistral subjects are less extreme in their use of preferred hand,
due to the fact that sinistral subjects live in a ‘right-handed world where most artefacts
are built for right-handers’ [11] . The pronounced usage of the right hand in dextral
subjects and less pronounced use of the left hand in sinistral subjects could thus lead to a
greater difference in nail curvature of the two hands in dextral subjects, and a smaller
difference in sinistral ones. The speculation that greater usage of a particular finger leads
to flatter nails could be tested in a few years’ time when current children and teenagers
who have been using their thumbs (as opposed to their index finger) to a far greater
extent than their predecessors, for example for mobile phone text messaging and using
game consoles, reach adulthood.

The influence of age — older persons having flatter nails — was surprising, but can be
clearly seen in Table IV where the participants were divided into three age groups as
follows: 21-39, 40-59 and 60+ years old. The radius of nail curvature increased with age
despite similar hand lengths and breadths. Though small, the differences were statistically



significant (One-way between-groups ANOVA, p<0.01 for all the digits in both genders).
Ageing is known to influence the nail plate, which grows at a slower rate [12] and
becomes thicker, less smooth and more longitudinally ridged [13]. In addition, nail cells
are larger [14] and the nail plate’s thermal diffusivity, trans-onycheal water loss and
composition, of for example, lipids, calcium and magnesium change upon aging [15-20].
This study suggests that nail plates also become flatter with age, after years of use.
Interestingly, this would reflect the flatter nail plates in the (more used) dominant hands
in the preceding section.

CONCLUSIONS

This study provides baseline values for the transverse curvature of healthy fingernail
plates in adults. To the author’s knowledge, this is the first systematic measurement of
the nail plate’s transverse curvature. The latter was measured using a set of radius
gauges, and was expressed as the radius of a circle whose curve most closely
approximates that of the nail plate. As expected, the different digits have different
fingernail curvatures. The thumbnail is the flattest, followed jointly by the index and
middle fingernails, the ring fingernail and finally the little fingernail. Nail plates are flatter
in the dominant hand, in males, in older individuals, and in those with wider hands.
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Table I: Summary statistics for age, height, hand length and hand breadth of participants.

N=90-92.

Mean = SD

(minimum-maximum)

Males Females
Age (years) 50+ 16 49 + 18
(22-88) (21-90)
Right hand length 19.3+£0.9 175+1.0
(cm) (17.3-21.6) (14.6-20.1)
Left hand length 19.4+0.9 176+1.0
(cm) (17.4-22.0) (14.6-20.4)
Right hand breadth 85104 76104
(cm) (7.5-9.5) (6.6-8.5)
Left hand breadth 8.6+04 7.7+0.5
(cm) (7.8-9.8) (6.6-8.8)
Height (m, as an 1.8+0.1 1.6+0.1
indication of size) (1.6-2.0) (1.5-1.8)
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Table II: Transverse curvature of the different fingernails in male (10 sinistral and 82 dextral) and female (8

sinistral and 82 dextral) participants. The mean and standard deviations are shown. N was between 8 and
10 for sinistral participants and between 79 and 82 for dextral ones. The variable number reflects hand
dominance and the fact that, as explained in the text, not all ten fingernails could be measured in all

participants.

Handedness of

Radius of nail curvature (mm)

+SD
Digit volunteers Hand (mean )
male female

Dextral Right 13.2 £2.0 104 +1.8

Thumb
Left 12.8 +2.1 9.8 +1.8
Sinistral Right 124 +1.2 115 +1.8
Left 126 +1.3 115 +1.8
Dextral Right 11.2 +2.1 84 +19

Index
Left 104 +2.4 7.8 £1.6
Sinistral Right 104 +1.8 9.3 £2.3
Left 106 £1.6 9.6 +2.7
Dextral Right 10.7 £2.2 8.0 +1.7

Middle
Left 10.1 +2.0 7.7 £1.4
Sinistral Right 10.3 +2.2 8.6 +1.3
Left 104 +2.4 9.4 +2.7
Dextral Right 8.7 21 6.5 £1.5

Ring
Left 8.1 +15 6.3 £1.2
Sinistral Right 8.2 +1.3 7.2 £1.4
Left 82 +14 7.0 £19
Dextral Right 6.8 £1.2 53 +09

Little
Left 6.6 £1.2 51 +1.0
Sinistral Right 6.4 +£1.2 5.6 £0.8
Left 7.2 £1.6 5.7 £0.8
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Table lll: Mean distal interphalangeal joint breadth in 300 males and 300 females. Means
have been calculated from Kember et al’s (1981) separate means of left and right hands.

Kember et al’s SD varied from 0.09-0.19 cm.

digit Male Female
thumb 2.29 1.89
Mean breadth (cm) index 1.88 1.58
middle 1.86 1.56
ring 1.71 1.42
little 1.55 1.26
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Table IV: Radius of nail curvature (mm) of digits 1-5 in the different age groups. Mean and
SD are shown; right and left hands have been grouped. N=56-62.

Age group (years)
gender | measurement digit
21-39 40-59 60+
thumb 12.2+2.0 133+ 2.2 13.3+1.7
index 99+2.1 10.7+1.9 11.6+25
Radius of nail
curvature middle 95+19 10.5+1.8 11.2+2.3
males (mm)

ring 7.5+t14 84+1.2 9.3+2.2

little 6.1+1.1 6.710.9 7.3t14
Hand Hand length 19.2 +1.0 19.4+£0.9 194 +1.0

length/breadth

(cm) Hand breadth | 8.5 +0.5 8.6 +t0.4 8.6 +0.4

thumb 97+1.4 10.1+1.6 11.0+2.2

index 7312 8.1+1.8 93+2.1

Radius of nail
curvature middle 73+1.1 79114 8.8+2.0
(mm)

females ring 6.0+£0.9 6.3+1.3 72116
little 49+0.8 52+1.1 5.6+0.8

Hand Hand length | 174 + 1.1 17.6+1.0 17.6+£0.8

length/breadth
(cm) Hand breadth | 76 +05 | 7.6 +0.4 7.8 +0.4

13
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Figure 1: Shows the positions at which hand length and hand breadth were measured on
the palmar side.
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Nail plate (frontal view)
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Figure 2: Transverse nail curvature was expressed as the radius of a circle whose curvature
most closely approximates that of the nail plate. Flat nails (a) have a large radius, while
curved nails (b) have smaller radii. The radius of the topmost part of the nail was
recorded, as shown (c).
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Figure 3: The measurement of transverse nail curvature using a radius gauge
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Figure 4: Transverse curvature of fingernails of digits 1-5 in males (black bars) and females
(white bars). The left and right hands, and dextral and sinistral subjects have been
grouped together. Means and SD are shown, N=178-183.
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