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Abstract

Background: Sex estimation from fragmented or isolated human bones found during excavations is imperative not
only in the field of forensics but also paleoanthropology. This study investigated the possibility of sex estimation
from computed tomography (CT) data for the lengths of the index and ring fingers. The scans were obtained using
a multislice ECLOS-16 CT scanner (Hitachi Medical Co., Tokyo, Japan), and the images were analyzed using a
SYNAPSE VINCENT volume analyzer (Fujifilm Medical Co., Tokyo, Japan). For 205 cases, the authors measured the
total length of the distal, middle, and proximal phalanges (P) and of the metacarpal bones for the index and ring
fingers of both hands. Right heart serum testosterone and estradiol levels in 92 cases were also measured by an
electrochemiluminescence immunoassay and a chemiluminescence immunoassay, respectively.

Result: The difference in P between the index and ring fingers was significantly greater in men than in women for
both hands; receiver operating characteristic analysis showed an optimal cutoff of 6.0 mm (sensitivity, 0.64 and
specificity, 0.64). Blood testosterone levels were moderately correlated with this difference.

Conclusion: A value of 6.0 mm for the ring finger–index finger difference for the left hand distinguished men from
women, and these results are affected by testosterone levels. The findings from this report in the field of forensics
and paleoanthropology indicated that the CT data-assessed morphometry of the phalanges could be used as an
objective index for sex estimation.

Keywords: Forensic science, Forensic anthropology, Sex estimation, Computed tomography, Index finger length,
Ring finger length, Japanese population

Background
Forensic anthropology, along with DNA analyses of sex and
genetic polymorphisms, is essential for the estimation of
sex, age, and stature in the identification of human remains
and single bones (Aldegheri and Agostini 1993; Duyar and
Pelin 2003; Ozaslan et al. 2003; Petrovecki et al. 2007;
Zeybek et al. 2008). Moreover, paleoanthropology enables
the estimation of sex from a bone fragment and/or isolated
human bones from excavations (Alarcon et al. 2016;

Slizewski et al. 2013). However, one of the greatest limita-
tions to the application of the anatomical sex estimation
method is its inability to evaluate some of the skeletal
elements required for the calculation. Indeed, a major chal-
lenge in analyzing skeletal remains, particularly archaeo-
logical samples, is the high incidence of missing and/or
non-measurable elements (Auerbach 2011). Therefore,
there are a number of factors that contribute to the vari-
ability in the preservation and use of archaeological human
remains for research. In this process, radiology is used to
detect anatomical characteristics, specific bone pathologies,
and foreign bodies (including surgical materials), as well as
identifying sex-related differences and age-dependent
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changes, and providing measurements for stature estima-
tion (Hasegawa et al. 2009; Rainio et al. 2001). However,
until recently, it has been difficult to make such assess-
ments from a single small bone from a cadaver, especially
given that the bone may have been moved away from the
remainder of the cadaver, such as by an animal or insects
(Campobasso and Introna 2001).There is therefore a lack of
scientific data about small bones in the field of forensic
medicine.
In addition to conventional radiology, computed tomo-

graphy (CT) may be useful for the documentation and
reconstruction of skeletal data in autopsy routines. Post-
mortem imaging has been reported as useful for identifying
individuals, and investigations are ongoing about the practi-
cality of imaging various bones for the estimation of sex,
height, and weight (Giurazza et al. 2012; Hishmat et al.
2014; Torimitsu et al. 2014a; Torimitsu et al. 2014b;
Torimitsu et al. 2015c). Several studies have demonstrated
the successful application of CT to virtual bone measure-
ment for estimating sex and stature (Djorojevic et al. 2014;
Hishmat et al. 2015; Inamori-Kawamoto et al. 2016;
Macaluso and Lucena 2014; Rodriguez et al. 2014;
Torimitsu et al. 2015b; Torimitsu et al. 2014c; Torimitsu et
al. 2015a; Verhoff et al. 2008).
Previous studies in the forensic science field have re-

ported osteometric data about index and ring finger
lengths for sex estimation in different modern populations
(Agnihotri et al. 2015; Kanchan et al. 2010; Kanchan and
Pradeep Kumar 2010; Kanchan et al. 2010; Krishan et al.
2013), but, as yet, such studies have not involved postmor-
tem CT data. Furthermore, to the best of our knowledge,
there have been no published studies in the forensic
science field that have investigated the influence of sex
hormones (such as androgen and estrogen) on the lengths
of the index and ring fingers. In the present study, there-
fore, the authors investigated the possibility of sex estima-
tion from CT data about index and ring finger lengths, as
well as the influence of sex hormones on finger length.

Materials and methods
Postmortem CT data.
Postmortem CT scans are performed at our institution
immediately before autopsy as part of the scope of rou-
tine casework such as personal identification, injury tact,
and pathophysiological analysis. In this study, we used
autopsy cases of post-adolescent Japanese subjects (age
≥ 20 years) of known sex, age, height, weight, and stat-
ure, for which complete finger bone CT data were avail-
able. Cases with advanced decomposition, evident
fracture, destruction, or advanced osteoarthrosis were
excluded. Cases were excluded if the details regarding
sex and height could not be definitively verified due to
postmortem destruction, and no case included in this
study qualified for exclusion. Samples for 205 cases

(102 men and 103 women; age range, 20–95 years; me-
dian age, 60 years) were collected during a 5-year period
from July 2011 to September 2015 (Table 1).
Postmortem interval, defined as the time elapsed from

estimated time of death to autopsy ranged from 10 to
370 h (median, 33 h) and was calculated based on autopsy
findings, case history, and circumstantial evidence; thus,
possible error in postmortem interval ranged up to hours
depending on elapsed time in cases of unwitnessed deaths.
Necessary data were extracted from autopsy documents,
pathological findings, and circumstantial evidence.
Whole-body PMCTs were routinely performed immedi-

ately before forensic autopsy using a 16-row multidetector
CT scanner (ECLOS, Hitachi Medical Co., Tokyo, Japan)
as part of routine casework. Spiral CT was performed
using the following conditions: 120 kV; 250 mA;
1.25-pitch factor, 2.5 × 4 mm collimation, and 1.0 ×
1.25 mm thickness; field of view, 500 mm. A CT data ana-
lysis system, volume analyzer Synapse Vincent (Fujifilm
Medical Co., Ltd., Tokyo, Japan), was used to reconstruct
three-dimensional (3D) images of the finger bone in situ
for virtual length measurement which was extracted by
manual cursoring. These analyses were performed by two
forensic pathologists and one radiographer. The reprodu-
cibility of virtual reconstruction and measurement was
checked by two independent observers. CT attenuation
[Hounsfield units (HUs)] was performed using the corre-
lation of HU with bone-specific length.

Measurements.
For each finger (left and right index and ring fingers),
the authors measured the following: P, the length from
the bottom prominence to the tip of the distal phalanx
(i.e., the total length of the distal, middle, and proximal
phalanges); M, the length of the metacarpal bones in the
longitudinal direction; and P +M, the total of lengths
P and M (Fig. 1a-c). Moreover, the differences in P, M
and P +M between the finger (R) and index finger (I)
were calculated for each hand (R–I). The analysis tested
differences between the sexes for all these lengths and
their correlations with the levels of sex hormones testos-
terone and estradiol.

Biochemical analyses.
Testosterone concentrations in serum from the right
heart were measured by electrochemiluminescence im-
munoassay (Ezaki et al. 2010) For this measurement, the
clinical serum reference intervals were 0.54–10.10 ng/ml
(median 3.42 ng/ml) for the men and 0.20–8.55 ng/ml
(median 1.20 ng/ml) for the women. Estradiol concen-
trations in serum from the right heart were measured by
chemiluminescence immunoassay (Dettling et al. 2008),
with clinical serum reference intervals of 20–2000 pg/ml
(median 278.5 pg/ml) for the men and 20–1765 pg/ml
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(median 275 pg/ml) for the women (except for any that
had been pregnant at the time of death.

Toxicological analyses.
Blood carboxyhemoglobin concentrations for the fire fa-
talities were determined using a CO-oximeter system
(Maeda et al. 1997; Maeda et al. 1996). Drugs, such as
an amphetamine and antipsychotropics, were detected
by gas chromatography/mass spectrometry.

Statistical analyses.
The statistical analyses were performed using Microsoft
Excel and SPSS (version 17.0; SPSS, Inc., Chicago, IL,
USA). The Kruskal–Wallis test, Bland–Altman plots,
Pearson’s correlation analysis, and Mann–Whitney U
tests were used, as appropriate, for nonparametric com-
parisons of two datasets and multiple group analyses of
all examination items. Linear regression analysis was
used to estimate stature based on the individual bone

parameters. In these analyses, p–values < 0.05 were con-
sidered statistically significant. Receiver operating char-
acteristic analysis was used to establish cutoff points for
each individual bone parameter for the optimal estima-
tion of sex (Vexler et al. 2008); cases above and below
the cutoff values were deemed male and female, respect-
ively. The accuracy of sex estimation using these cutoff
values was examined by dividing the number of cases
identified by the total number of cases.

Results
Relationships between bone lengths and general
characteristics
There was no significant correlation between the
lengths of the index or ring fingers and postmortem
time (p > 0.05). In detail, the authors compared the
postmortem period with under more than two days
(≤ 48 h: n = 150, > 48 h: n = 55), there was no statis-
tical difference (left index finger: p = 0.3098, left ring

Table 1 Case profiles

Cause of death n (Male /
Female)

Age (years) Height (cm) Weight (kg) Postmortem time (h)

Median Min Max Median Min Max Median Min Max Median Min Max

Blunt injury 59 (35 / 24) 62 20 93 161 138 180 54.5 30.2 105 34 14 145

Sharp instrument injury 13 (7 / 6) 55 38 86 160 150 169 61.5 31.9 86.2 28 10 41

Drowning 11 (6 / 5) 51 33 85 160 144 172 56.1 34.4 67.5 36 17 206

Fire fatalities 2 (1 / 1) 55 65 158 168 52.5 75.7 17 24

Asphyxia 22 (10 / 12) 49 21 86 164 143 174 54.6 34.6 73.5 33 14 301

Hypothermia 5 (1 / 5) 83 47 87 149 140 159 39.9 30.3 55.7 39 26 110

Hyperthermia 21 (8 / 13) 71 28 95 157 136 170 46.4 23.6 72.4 33 15 109

Sudden cardiac death 18 (10 / 8) 69 29 84 161 145 181 54.3 43.2 82.3 35 16 181

Other natural death 54 (24 / 30) 51 24 93 160 140 179 53.6 27.5 99.8 32 10 370

Total 205 (102 / 103) 59 20 95 160 136 181 54.2 23.6 105 33 10 370

P

M
P+M

M

P

M

P

a b c

Fig. 1 Measurements of finger lengths by computed tomography and the computer analyzer system. Red solid line: P, the total length of the
distal, middle, and proximal phalanges. Red broken line: M, the length of the metacarpal bones in the longitudinal direction. a-c The figures show
method for measurements. P +M: the total of lengths P and M
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finger: p = 0.5318, right index finger: p = 0.3638, right
ring finger p = 0.3186). Furthermore, about the same
person (84 years, male, height 168 cm, body weight 59.6
Kg), as a result of having performed the measurement
(24 h later) twice, there was not the difference that was
slight to a peripheral bone (first time: 16.70 mm, second
time 16.70 mm), middle phalanx (first time: 21.30 mm,
second time 21.30 mm), proximal phalanx (first time:
40.10 mm, second time 40.1 mm). On the other hand,
after having left the same person unattended posthu-
mously for several months, it is not a permissible thing
ethically to measure the length of the finger again. There-
fore, the authors were not able to examine a post mortem
change in detail.
P (the total length of the three phalanges) was moder-

ately to strongly correlated with height (r = 0.439–0.545,
p < 0.0001) for the left and right index and ring fingers of
both sexes. However, P showed no significant correlation
with body mass index, bodyweight, or age (p > 0.05).
There were strong correlations between P for the ring

and index fingers in both men (left: r = 0.847, p < 0.0001
and right: r = 0.879, p < 0.0001) and women (left: r = 0.854,
p < 0.0001 and right: r = 0.887, p < 0.0001; Fig. 2).
M (the length of the metacarpal bones) was slightly to

moderately correlated with height (r = 0.534–0.702,
p < 0.0001) and weight (r = 0.217–0.330, p < 0.05) for the
left and right index and ring fingers of both sexes. In men,
but not women, there was a slight negative correlation be-
tween M and age (left index, r = 0.260, p < 0.01; left ring,
r = 0.310, p < 0.01 and right index, r = 0.289, p < 0.01; right
ring, r = 0.246, p < 0.05).

Relationships between bone lengths and sex
Values for P, M, and P +M for both sexes are given in
Table 2. Values of P for the left and right index and ring

fingers were significantly greater for the male than the
female (left index, p < 0.0001; right index, p < 0.001; left
ring, p < 0.0001; right ring, p < 0.0001). Similarly, values
of M for the left and right index and ring fingers were sig-
nificantly greater for the male than the female (left index,
p < 0.0001; right index, p < 0.0001; left ring, p < 0.0001;
right ring, p < 0.0001). Moreover, P +M values for the
male were significantly longer than for the female (left
index, p < 0.0001 and right index, p < 0.0001; left ring,
p < 0.0001 and right ring: male, p < 0.0001).

Relationships between R− I differences and sex
The differences in P between the ring and index fingers,
R − I, are shown in Table 3. These differences were
significantly greater for the male than for the female
(left, p < 0.0001; right, p < 0.001). The presence of a sex
difference in the left hand was clearer when we com-
pared P between the right and left hands (Fig. 3).
However, there were no significant differences between

the sexes for the R–I difference in M (p > 0.05) or P +M
(p > 0.05; Tables 2 and 3).

Cutoff values to distinguish men from women
Figure 4 shows differences in phalangeal length (ring
finger–index finger) in male and female. In the receiver
operating characteristic analysis, the optimal cutoff value
for distinguishing men from women was a value of
6.0 mm for the R–I difference in P for the left hand.
This showed a sensitivity of 0.64 and a specificity of 0.64
(Fig. 4). There was statistical significant difference in
right and left index finger of the male (p < 0.05), without
other fingers.
The area under the curve (AUC) in this study was

0.673. Discriminant function equations is − 0.0004 × 2–
50.795× + 317.91 = 0, The x-axis was a difference of the

ba

Fig. 2 Correlation between ring and index finger phalanx lengths in (a) the left hand and (b) the right hand
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length of the left finger, and the y-axis was a difference
of the length of the right finger, and the plotted the
whole data. Afterwards, the authors measured the differ-
enced the male and female boundary line by the cluster
analysis. As the results, it was D = 2579.62 (D > 0).

Relationships between finger lengths and levels of sex
hormones
Measurements of testosterone levels in the right heart
serum (postmortem period < 2 days) of 51 male and 41
female found significantly higher levels in the male than
in the female (Table 4). There was not the correlation of
testosterone and finger length in the elderly male and fe-
male both finger, respectively (> 70 years, p > 0.05).
There was a slight positive association between P of

the left ring finger and serum testosterone in men (n = 51,
r = 0.34, p < 0.05; y = 0.1472× − 8.8372, where x is length
in mm and y is testosterone level in ng/ml). No significant
associations with testosterone were found for M for the
right index and ring fingers in men, for P + M in men, or
for any finger lengths in women.
In the men, there was a slight correlation between

serum testosterone and the R–I difference for P in the
left hand (r = 0.29, p < 0.05) although there were differ-
ences in P in the right hand. In the women, there were
no correlations between testosterone levels and R–I dif-
ferences in P (Fig. 5).
Higher testosterone levels were detected in cases with a

positive R–I difference in P + M (i.e., the total length of
the ring finger was longer than that for the index finger).
Measurements of right heart serum estradiol levels in

51 male and 40 female showed no significant correlation
with R–I differences in P for either hand.

Discussion
The smaller index to ring finger (2D:4D) ratio has been
considered as a ‘male finger pattern’ and is associated
with blood testosterone levels (Aycinena et al. 2014,
Robertson et al. 2008, Warrington et al. 2018). However,
there is no report that examined the sex estimation
using this method in a forensic medicine field.
A lot of testosterone participating are reported in the

length of the finger by sex differences so far in the field
of embryology and/or life sciences. However, in the field
of forensic medicine, there is no report considered about
sex hormone and the length of the finger. This examin-
ation is the first report that proved that the length of the
finger with the sex differences depends on testosterone
in the field of forensic medicine. In this study, one of the
important points includes that we do not use the long
bones such as a thigh bone or the humerus. Osteoar-
throsis may develop in the long bone with aging accor-
ding to the indication a reviewer. However, the
transformation of the bone of the finger is not caused
other than the special diseases such as rheumatism,
amyotrophic lateral sclerosis (ALS) or the hyperpara-
thyroidism (Kalichman et al. 2018; Zhang W et al. 2008,
Parkin Kullmann and Pamphlett, 2017, Rhara et al.
2015). In this study, effective points with the using short
bone such as the finger include that there is little
osteoarthrosis.
This study found moderate-to-strong correlations be-

tween height and the total lengths of the phalanges(P),
the total lengths of the metacarpal bones (M), and P +M
in the index fingers of both hands. The P, M, and P +M
lengths in the index and ring fingers of both hands were
longer in male than in female, and the R–I differences in
P in both hands were also greater in the male. However,

Table 2 Bone lengths

Finger Sex Left Hand Right hand

Phalanx (mm) Metacarpal (mm) Total length (mm)
(Phalanx+Metacarpal)

Phalanx (mm) Metacarpal (mm) Total length (mm)
(Phalanx+Metacarpal)

Med. Min Max Med. Min Max Med. Min Max Med. Min Max Med. Min Max Med. Min Max

Index finger Male 78.9 59.2 89.3 62.9 50.5 72.4 141.8 109.7 161.7 78.7 62.0 88.6 63.7 50.2 71.2 142.1 112.2 159.2

Female 74.5 62.6 83.1 60.4 51.0 69.2 134.4 116.0 148.2 74.4 65.1 84.1 60.3 50.5 67.3 134.6 115.6 149.3

Ring finger Male 85.6 67.5 95.4 55.4 42.7 62.9 140.7 110.2 157.4 85.5 69.2 95.8 54.7 42.9 61.9 140.0 112.1 157.7

Female 79.6 67.1 93.8 52.0 42.8 58.9 131.9 111.9 149.1 80.2 67.9 92.2 51.8 44.7 61.2 132.5 113.3 152.7

Table 3 Difference in lengths (ring finger–index finger)

Sex Left Hand Right hand

Phalanx (mm) Metacarpal (mm) Total length (mm)
(Phalanx+Metacarpal)

Phalanx (mm) Metacarpal (mm) Total length (mm)
(Phalanx+Metacarpal)

Med. Min Max Med. Min Max Med. Min Max Med. Min Max Med. Min Max Med. Min Max

Male + 7.3 −0.2 + 13.8 −8.0 −14.3 −1.3 −1.1 −7.4 + 11.0 + 7.1 + 1.3 + 11.7 −8.6 −15.2 −3.1 −1.3 −9.5 + 6.9

Female + 5.6 + 0.1 + 13.2 −8.1 −15.1 −2.8 −2.3 −10.7 + 4.4 + 6.0 + 0.0 + 10.6 −8.6 −13.6 −0.4 −2.3 −10.9 + 3.4
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results indicated that this difference did not differ in
females. This result held even for cases with a long post-
mortem time. Thus, the authors concluded that calcula-
ting the R–I difference for P in the ring finger is
potentially useful for sex prediction in complicated fo-
rensic work in a variety of situations. In this study, the
optimal cutoff value for distinguishing men from women
based on the R–I difference for P was estimated to be
6.0 mm. However, our studies showed a sensitivity 0.64,
specificity 0.64, and AUC 0.673. Thus, it was not able to

make refer to that the expected values of this study were
high.
Generally, image analysis inherently low accuracy

levels in contrast to DNA analysis that provides high
accuracy for sex estimation. In a previous study, an
accuracy of 61.7%- 87.1% was obtained using the
calcaneus and talus as materials for sex estimation
(Inamori-Kawamoto et al. 2016). Furthermore, sensi-
tivity and specificity of 0.85 and 0.92, respectively,
was achieved when the authors used the human

a-i

a-ii

b-i

b-ii

Fig. 3 Relationship between the difference in ring and index finger lengths and the sex of the individual. a-i and a-ii: The figures show the
length of the finger of the male. b-i and b-ii: The figures show the length of the finger of the female

Fig. 4 Differences in phalangeal length (ring finger–index finger) in men and women
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patella for sex estimation (Michiue et al. 2017). How-
ever, image analysis does offer some advantages for
human sex estimation. These include its utility for
analyzing highly decomposed bodies (Kranioti et al.
2009) and bone fragments and/or isolated bones
(Croker et al. 2016), and it can easily be updated new

data on evolution and/or degeneration (Memarian
et al. 2017) .
Previous studies have suggested that testosterone in-

fluenced differences in ring finger and index finger
lengths, and that this would be expected to apply to a
wide range of circumstances (Bijleveld and Baalbergen

Table 4 Serum concentrations of testosterone and estradiol in the right heart

Cause of death Sex Testosterone (ng/mL) Estradiol (pg/mL)

n Median Min Max n Median Min Max

Blunt injury Male 19 3.42 0.54 7.50 20 263 20 2000

Female 5 1.14 0.32 2.78 6 365 203 720

Sharp instrument injury Male 6 2.56 1.92 4.56 5 88 78 382

Female 2 0.32 2.78 2 129 202

Drowning Male 3 2.32 0.78 5.83 3 91 65 280

Female 1 1.65 1.65 1 71 71

Fire fatalities Male 1 3.78 3.78 1 114 114

Female 1 1.26 1.26 1 20 415

Asphyxia Male 3 6.28 4.26 8.15 3 340.5 283 20

Female 7 1.40 0.22 5.92 7 533 69

Hypothermia Male 0 0

Female 1 4.67 4.67 1 790

Hyperthermia Male 5 5.19 1.89 10.10 5 200 32

Female 7 1.00 0.20 2.68 8 215.5 20 993

Sudden cardiac death Male 3 2.79 1.98 4.42 3 187 70 453

Female 3 1.20 1.07 1.90 3 107 24 441

Other natural death Male 11 3.61 1.07 7.45 11 367 84 2000

Female 14 1.30 0.22 8.55 11 192 20 1317

Total Male 51 3.42 0.54 10.10 51 278.5 20 2000

Female 41 1.20 0.20 8.55 40 275 20 1765

ba

Fig. 5 Correlations between testosterone levels in the right heart serum and the difference in ring and index phalangeal lengths in (a) the left
hand and (b) the right hand
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2017; Parkin Kullmann and Pamphlett, 2017). In the
present study, measurements of right heart serum levels
of testosterone levels in 92 cases of men and women
showed higher levels in the men who had longer ring
than index finger phalanx lengths.
There was no correlation between finger bone lengths

and age. However, except for elderly persons, there were
associated with increase in testosterone concentration
and the finger lengths. Moreover, a relationship between
serum testosterone and P for the left hand was also
found although this did not apply to the right hand. The
reason for this difference between the hands is unclear,
but it may reflect the degree of work performed by the
fingers due to handedness, or the possibility that a de-
crease in age-related testosterone influences is supposed.
There were no significant correlations between finger
lengths and blood estradiol levels. The correlation be-
tween finger length and testosterone levels decreases as
individuals become elderly. An explanation for the lack
of correlation between finger length and testosterone
levels in women is that testosterone may be masked by
estrogen in premenopausal women (Matsui et al. 2013)
although this masking decreases after the menopause,
when testosterone levels have been reported to increase
(Matsui et al. 2013) (Burger et al. 2002).

Conclusion
A value of 6.0 mm for the ring finger–index finger dif-
ference for the left hand distinguished men from
women, and these results are affected by testosterone
levels. The findings from this report in the field of foren-
sics and paleoanthropology indicated that the CT
data-assessed morphometry of the phalanges could be
used as an objective index for sex estimation.
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