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The Ratio of the Second Finger to the Fourth Finger (2D:4D);
Can it be a Marker for Dental Anxiety?

Ikinci Parmagin Dérdiincii Parmaga Orani (2D:4D);
Dental Anksiyete i¢in Bir Belirte¢ Olabilir mi?
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ABSTRACT Objective: 2D:4D (the ratio of the second finger to the
fourth finger) ratio has been used as a morphological marker in eval-
uating the relationship between androgen exposure in the prenatal pe-
riod and developmental/neuropsychiatric disorders. Material and
Methods: Ninety-one children between the ages of 5 and 10 years
from whom teeth were to be extracted under local anesthesia were in-
cluded in the study. Measurements were made of the second and
fourth fingers of the children’s right and left hands. At the end of the
procedure, the physician was asked to evaluate the patient’s dental
anxiety levels using the Frankl Behavior Scale (FBS). Results: Based
on the FBS, the right-hand 2D:4D ratio was 0.979+0.074 in patients
who refused treatment, 1.000+0.044 in unwilling patients who could
not cooperate, 1.017+0.043 in cooperative patients, and 0.980+0.020
in patients with interest (p=0.092). The left-hand 2D:4D ratio was
1.02440.045 in patients refusing treatment, 1.006+0.046 in unwilling
patients who could not cooperate, 1.018+0.054 in cooperative pa-
tients, and 0.983+0.025 in patients with interest (p=0.526). No rela-
tionship was found between successful extractions and 2D:4D ratios
in children. Conclusion: As a result, no significant correlation was
found between dental anxiety and 2D:4D of pediatric patients who
are planned tooth extraction. It was determined that 2D:4D is not a
morphological marker that we can use to predict dental anxiety in the
preoperative period.
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OZET Amag: Prenatal dsnemde meydana gelen androjen maruziyeti
ile gelisimsel/néropsikiatrik bozukluklar arasindaki iliskinin degerlen-
dirilmesinde, morfolojik bir belirteg¢ olarak 2D:4D (2°nci parmagin
4’tincii parmaga orani) orani kullanilmistir. Gereg¢ ve Yontemler: Ca-
lismaya, lokal anestezi altinda dis ¢ekimi planlanan 5-10 yas aras1 91
cocuk dahil edildi. Olgiimler, ¢ocuklarin sag ve sol ellerinin 2°nci ve
4incii parmaklarindan yapildi. Islem sonunda sorumlu doktordan,
Frankl Davranis Olgegi'ni [Frankl Behavior Scale (FBS)] kullanarak,
hastalarin dental anksiyete diizeylerini degerlendirmesi istendi. Bul-
gular: FBS'ye gore sag el 2D:4D orani, tedaviyi reddeden hastalarda
0,979+0,074, is birligi yapamayan isteksiz hastalarda 1,000+0,044,
koopere olan hastalarda 1,017+0,043 ve ilgili olan hastalarda
0,980+0,020 idi (p=0,092). Sol el 2D:4D orani, tedaviyi reddeden has-
talarda 1,024+0,045, is birligi yapamayan isteksiz hastalarda
1,006+0,046, kooperatif hastalarda 1,018+0,054 ve ilgili olan hasta-
larda 0,983+0,025 idi (p=0,526). Basarili dis ¢ekimi uygulamast ile sag
ve sol el 2D:4D oranlar1 arasinda anlamli iliski bulunmamistir
(p=0,691, p=0,086, sirasiyla). Sonug¢: Sonug olarak, dis ¢ekimi planla-
nan pediatrik hastalarda dental anksiyete ile 2D:4D arasinda anlaml
bir iliski bulunamamustir. 2D:4D'nin preoperatif donemde dental ank-
siyeteyi ongormek i¢in kullanabilecegimiz morfolojik bir belirteg ol-
madig1 belirlenmistir.

Anahtar Kelimeler: Dental anksiyete; 2D:4D; pediatrik

Rising androgens in the prenatal period are crit-
ical in fetal sexual dimorphism, and prenatal andro-
gen activity affects and regulates neuropeptides, thus
affecting structural and functional changes in the de-
veloping brain.'> Exposure of a fetus to high levels of
androgens in the early intrauterine period may cause
physical and mental adaptations that have lifelong ef-

fects. It is therefore thought that there may be a rela-
tionship between some neuropsychiatric conditions
and a high androgen load.** Measuring possible an-
drogen exposure directly in the prenatal period may
adversely affect the health of the fetus, so indirect
methods and markers that do not affect the health of
the fetus or the mother are needed to identify diseases
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that may be part of the etiology of intrauterine hy-
perandrogenism. In a review, Richards examined six
studies and showed that there is a relationship be-
tween prenatal sex hormones and 2D:4D (the ratio of
the second finger to the fourth finger) ratio in samples
obtained from amniocentesis and cord blood, stating
that a low 2D:4D ratio indicates a high intrauterine an-
drogen level and vice versa.’

Many diseases and conditions are thought to be re-
lated to intrauterine androgen exposure and 2D:4D ratio
have previously been investigated in some behavioral
and psychiatric disorders, aggression, suicidal tenden-
cies, sports success, and cerebrovascular diseases.*”’
Ribeiro et al. reported a negative correlation between
2D:4D ratio and physical aggression and, in another
study conducted in men, stated that there is a signifi-
cant relationship between suicidal tendencies and
2D:4D ratio and that the ratio may therefore be a sign
that can be used to predict suicidality and to prevent
suicide.”® Based on these studies, it was hypothesized
that the 2D:4D ratio might be low in patients with high
anxiety, which would mean that it could be used as a
morphological marker for anxiety. In such patients, be-
havioral management techniques and evaluation for
premedication and/or sedation could be recommended
to avoid work and time loss.

In this study, the relationship between the hemo-
dynamic parameters of patients and the 2D:4D ratio
was also examined. Zhang et al. investigated whether
there is a significant relationship between finger ratios
and blood pressure in children and adolescents aged 8-
15 years and reported a direct/indirect relationship.'® If
the 2D:4D ratio is a hemodynamic morphological
marker, physicians can take necessary precautions to
keep hemodynamic parameters, such as blood pressure
and pulse, under control.

This study investigated whether there is a signifi-
cant relationship between the 2D:4D ratio and dental
anxiety and hemodynamic parameters in pediatric pa-
tients from whom teeth were to be extracted under
local anesthesia.

I MATERIAL AND METHODS

This was a double-blind, prospective, randomized clin-
ical study approved by the Ondokuz Mayis University
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Ethics Committee (date: 01.08.2019 / number: B.30.2.
ODM.0.20.08/537). This study was carried out in ac-
cordance with the Helsinki Declaration Principles.
Ninety-one children between the ages of 5 and 10
years from whom teeth were to be extracted under
local anesthesia were included in the study. First, the
study was explained to relatives and patients in the
waiting room, and written informed consent was ob-
tained. Measurements of the children’s fingers were
then made. Patients who did not allow measurement
and those with musculoskeletal disease were ex-
cluded from the study.

Measurements were made of the second and
fourth fingers of the children’s right and left hands.
The distance between the basal crease and the fin-
gertip was measured with the help of a ruler (vernier
caliper) and all measurements were recorded. The
children taken into the treatment unit were monitored
for blood pressure and pulse. Articain (40 mg/mL)
was used as a local anesthetic in all patients; at the
end of the procedure, the physician was asked to eval-
uate the patient’s dental anxiety levels using the
Frankl Behavior Scale. All tooth extractions were
performed by the same dentist. Tooth extraction
under sedation was planned for patients whose teeth
could not be extracted under local anesthetic. And
these patients were excluded from the study.

Perioperative heart rate (HR) and mean arterial
pressure (MAP) were measured in the preoperative
period, immediately after local anesthesia, and at 5-
minute intervals during the procedure. Operation
time, the number of teeth extracted, and any compli-
cations were recorded.

STATISTICAL METHOD

The data were analyzed using IBM SPSS v23. Com-
parisons between groups were conducted with inde-
pendent samples t-tests and ANOVA. Categorical
data were analyzed using chi-squared tests. The sig-
nificance level was p<0.05.

I RESULTS

The right and left finger ratios of the patients were
grouped as 2D:4D<1 and 2D:4D>1. Preoperative HR
evaluated in the right and left hands was 97.4+22 and
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96.3+24.2 (p=0.126), respectively, in the 2D:4D<1
group and 103+14.8 and 103.6+13.9 (p=0.075) in the
2D:4D>1 group. HR measured in the right and left
hands after local anesthesia was 106.3+18.4 and
98.8+17 (p=0.483), respectively, in the 2D:4D <1
group and 109.5+18.2 and 112.4+17.3 (p=0.002) in
the 2D:4D>1 group. Fifth minute HR in the right and
left hands was 104.1+17.1 and 98.6+15 (p=0.222),
respectively, in the 2D:4D<1 group and 109.5+17.4
and 111.9+£16.9 (p=0.002) in the 2D:4D>1 group.
Tenth minute HR in the right and left hands was
104.6+13.5 and 97.6+12.3 (p=0.283), respectively, in
the 2D:4D<1 group and 110.8+17.4 and 114.5+13.4
(p=0.002) in the 2D:4D>1 group.

Preoperative MAP measured in the right and left
hands was 82.6+11.9 and 85.3%£12 (p=0.255), re-
spectively, in the 2D:4D<1 group and 85.8+11.9 and
84.6£11.9 (p=0.808) in the 2D:4D>1 group. After
local anesthesia, MAP in the right and left hands was
86.2+8.3 and 87.5£11.6 (p=0.440), respectively, in
the 2D:4D<1 group and 88.4+16.5 and 87.8.4+15.7
(p=0.934) in the 2D:4D>1 group. Fifth minute MAP
in the right and left hands was 86.8£9.4 and
89.3+14.9 (p=0.564), respectively, in the 2D:4D<I
group and 88.9+13.8 and 88+12.1 (p=0.715) in the
2D:4D>1 group. Tenth minute MAP in the right and
left hands was 92+13.1 and 86.4+17.5 (p=0.7006), re-
spectively, in the 2D:4D<1 group and 88.7+17.4 and
90.7£16.1 (p=0.620) in the 2D:4D>1 group.

Local anesthesia was successfully used in 23 of
27 patients with right-hand 2D:4D<1 and in 56 of 64
patients with right-hand 2D:4D>1 (p=0.745). Local
anesthesia was successfully used in 22 of 24 patients
with left-hand 2D:4D <1 and in 57 of 67 patients with
left-hand 2D:4D>1 (p=0.506). The procedure was
successfully completed in 22 of 27 patients with
right-hand 2D:4D<1 and in 48 of 64 patients with
right-hand 2D:4D>1 (p=0.691). The procedure was
successfully completed in 22 of 24 patients with left-
hand 2D:4D<1 and in 48 of 67 patients with left-hand
2D:4D>1 (p=0.086). The female to male ratio for the
right hand measurements was 11:16 for 2D:4D<1 and
35:29 for 2D:4D>1 (p=0.324). The female to male
ratio for the left hand was 10:14 in 2D:4D<1 and
36:21 for 2D:4D>1 (p=0.437) (Tables 1, 2).
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The right-hand 2D:4D ratio was 1.002+0.047 in
men and 1.015+0.047 in women (p=0.203). The left-
hand 2D:4D ratio was found to be 1.008+0.049 in
men and 1.02140.052 in women (p=0.253) (Table 3).

Based on the Frankl Behavior Scale, the right-
hand 2D:4D ratio was 0.979+0.074 in patients who
refused treatment, 1.000+0.044 in unwilling patients
who could not cooperate, 1.0174+0.043 in cooperative
patients, and 0.980+0.020 in patients with interest
(p=0.092). The left-hand 2D:4D
1.024+0.045 in patients refusing treatment,
1.006+0.046 in unwilling patients who could not co-
operate, 1.018+0.054 in cooperative patients, and
0.983+0.025 in patients with interest (p=0.526)
(Table 4).

ratio was

TABLE 1: Comparisons by right 2D:4D ratio.
2D:4D<1 2D:4D21 pvalue
Preoperative HR 97.4+22 103.5+14.8  0.126
HR after local anesthesia 106.3+18.4  109.5+18.2  0.483
Minute 5 HR 10414171 109.5¢174  0.222
Minute 10 HR 104.6£13.5 110.8+16.1  0.283
Preoperative MAP 82.6+11.9 85.8+11.9  0.255
MAP after local anesthesia 86.248.3 88.4+16.5  0.440
Minute 5 MAP 86.8£9.4 88.9+13.8  0.564
Minute 10 MAP 92+13.1 88.7+17.4  0.706
Number of patients allowing local anesthesia ~ 23/27 56/64 0.745
Number of patients successfully completed 22127 48/64 0.691
Gender (female/male) 11116 35/29 0.324

Data presented as meanzstandard deviation.
2D: 4D: Ratio of second finger to fourth finger; HR: Heart rate; MAP: Mean arterial
pressure.

TABLE 2: Comparisons by left 2D:4D ratio.
2D:4D<1  2D:4D21 pvalue
Preoperative HR 96.3+24.2 103.6£13.9 0.075
HR after local anesthesia 98.8£17  1124+17.3  0.002
Minute 5 HR 98.6£15  111.9+16.9 0.002
Minute 10 HR 97.6+12.3 1145134  0.002
Preoperative MAP 85.3+12  84.6+11.9 0.808
MAP after local anesthesia 87.5¢116 878157 0934
Minute 5 MAP 89.3+149  88+121  0.715
Minute 10 MAP 86.4+£17.5 90.7+16.1  0.620
Number of patients allowing local anesthesia ~ 22/24 57167 0.506
Number of patients successfully completed 22124 48/67 0.086
Gender (female/male) 10/14 36/31 0.437

Data presented as meanzstandard deviation. 2D: 4D: Ratio of second finger to fourth
finger; HR: Heart rate; MAP: Mean arterial pressure.
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TABLE 3: Comparisons by gender.

Female Male p value
Right 2D:4D 1.015+0.047 1.002+0.047 0.203
Left 2D:4D 1.02140.052 1.008+0.049 0.253

Data presented as meanzstandard deviation. 2D: 4D: Ratio of second finger to fourth
finger.

TABLE 4: Comparisons according to Frankl Behavior Scale.

Right 2D:4D Left 2D:4D
Refusal/distress 0.979+0.074 1.024+0.045
Uncooperative/reluctant 1.000+0.044 1.006+0.046
Co-operative/reserved 1.01740.043 1.018+0.054
interested/enjoyed 0.980+0.020 0.983+0.025
p value 0.092 0.526

Data presented as meantstandard deviation. 2D: 4D: Ratio of second finger to fourth
finger.

There was no significant difference in terms of
operative time, number of extracted teeth and com-
plications.

I DISCUSSION

In this study, no relationship was found between ei-
ther successful extractions or Frankl anxiety scores
and 2D:4D ratios in children. However, the HRs im-
mediately, 5 minutes, and 10 minutes after local anes-
thesia were higher in those with 2D:4D>1. No
significant difference was found in terms of other
hemodynamic parameters.

The effectiveness of 2D:4D ratio as a morpho-
logical marker has been tested in many different dis-
cases.”” It has been reported that circulating
androgens can cause hypertension in children and
adolescents, which has been confirmed by animal ex-
periments.'®! Tt has also been reported that blood
pressure may increase with increased androgen ac-
tivity, especially during adolescence. Zhang et al.
evaluated 2D:4D, blood pressure, and testosterone
levels in children aged 8-15 years and reported that,
although there was a positive correlation between cir-
culating testosterone levels and systolic blood pres-
sure, there was no significant relationship between
the 2D:4D ratio and blood pressure. They suggested
that this might be related to differences in ethnic ori-
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gin.'’In the current study, no significant relationship
was found between those with a 2D:4D ratio less than
one and MAP, which may be related to the age range
of the participants (prepubescent) and evaluation
being limited to only mean arterial pressure.

2D:4D ratio has been used as a morphological
marker in evaluating the relationship between andro-
gen exposure in the prenatal period and developmen-
tal/neuropsychiatric ~ disorders  in  children,
adolescents, and adults.'"'* Eichler et al. stated that
2D:4D ratio may be an early indicator of behavioral
disorders based on their study in primary school
boys.! Butovskaya et al. studied 1,296 children and
adolescents using the aggression questionnaire by
Buss and Perry and reported a negative relationship
between right 2D:4D ratio and physical aggression in
men."* In a more recent study, they stated that 2D:4D
ratio is an indicator of adult lung function, with low
2D:4D indicating low lung function.'*

However, there are conflicting results; in a re-
cent study, O’Brian et al. examined the relationship
between 2D:4D ratio and aggression-related injuries
in patients who attended a pediatric emergency de-
partment and stated that there was a significant rela-
tionship only in girls and that this rate was lower.'®
In another study, no relationship was found between
their aggression model and 2D:4D ratio in 275 un-
dergraduate students.'®

In the current study, no significant relationship
was found between patients who either could not
complete the procedure or had high dental anxiety
scores and 2D:4D ratio. Although many researchers
hypothesize that there is a negative relationship be-
tween 2D:4D ratio and many diseases and behavioral
and psychiatric disorders, there are inconsistent re-
sults; significant differences in the conditions and dis-
eases evaluated in the patient groups used in the
various studies, whether those conditions are acute or
chronic, and the sources of the diseases may all have
affected the results.

The presence of a' Y chromosome in the prenatal
period and an increase in sex hormones prompt the
development of male and female sexual characteris-
tics. However, it has been reported that androgens in-
creasing more than expected in the intrauterine period
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may lead to male-type behaviors, such as physical
strength, courage, independence, leadership, and as-
sertiveness, when older."!” Studies have therefore fo-
cused on aggression and behavioral disorders.

In the literature review, studies on the effects of
prenatal androgen on dental development and di-
mensions were found.'®!"” Lakshmi et al. reported a
positive relationship between caries risk and low
2D:4D ratio.” In the current study, dental anxiety lev-
els and patient compliance were examined, but no
significant relationship was found. Furthermore, no
significant correlation was found between anxiety
scores and 2D:4D ratios of pediatric patients whose
teeth were planned to be extracted. It was therefore
determined that 2D:4D ratio is not a morphological
marker that can be used to predict dental anxiety in
the preoperative period.

Prenatal androgens affect many organs and sys-
tems of the fetus with consequences that may only
develop many years later. It has been reported that
the second finger shows the effects of estrogen and
the fourth finger shows the effects of testosterone.
With the increase in testosterone, the length of the
fourth finger increases and the 2D: 4D ratio de-
creases.”’”? Although there are many studies showing
that low 2D:4D ratio can be a marker for aggression
and behavioral disorders, there are many different re-
sults.!*162* Although many authors have been work-
ing on dealing with dental anxiety, more studies are
needed on the predictors of dental anxiety.?**

I CONCLUSION

As a result, no significant correlation was found be-
tween dental anxiety and 2D:4D of pediatric patients
who are planned teeth extraction. It was determined
that 2D:4D is not a morphological marker that we can
use to predict dental anxiety in the preoperative pe-
riod.
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