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Abstract

Background: Pulse oximeter is a simple technique that non-invasively measures arterial oxygen saturation
(Sp0O2) and pulse rate (PR). Little research is available on inter-digit differences in pulse oximetry
measurements. There is no information in the current literature about which finger could give the highest or the
reliable recording of SpOz. In clinical practice the index and middle fingers are most commonly used but little
research is available on inter-digit differences in pulse oximetry measurements. The purpose of this study was to
compare the accuracy and error rate of pulse oximeter measurements obtained on all 5 digits. This study will
help in assessing whether if there is any difference of SpO2 values between-fingers in young healthy adults.
Objectives: In this study we aimed to provide the comparison of peripheral capillary hemoglobin oxygen
saturation (SpOz) values among each finger of the both hands. Height, weight, temperature and blood pressure
of all the subjects were recorded. SpOz in each finger of both hands were measured to find which finger of hand
has the highest reliability and appropriate value of SpOs-.

Methods and Materials: One sixty three healthy volunteers between the ages of 18-60 years were enrolled in
the study. They were monitored after 5 min of rest. After their non-invasive blood pressure measurement,
height, weight and body temperature were measured, SpO2 values were obtained from every finger and each
finger of both hands with the same pulse oximetry.

Results: A total of 1630 SpO2 measurements from 163 volunteers were obtained. The highest average SpO:
value was measured from right little finger (97.46+1.44) and it was statistically significant when compared with
right middle finger and left middle finger. The second highest average SpO: value was measured from right
middle and it was statistically significant only when compared with left middle finger (the finger with the lowest
average SpOz value) (p < 0.05). SpO2 measurement from the fingers of the both hands with the pulse oximetry,
the right middle finger and right thumb have statistically significant higher value when compared with left
middle finger in right-hand dominant volunteers.

Conclusion: We assume that right middle finger and right thumb have the most accurate value that reflects the
arterial oxygen saturation.

Keywords: Pulse Oximetry, SpO2 Measurement, Blood Oxygen Saturation, Dominant Hand, Arterial Oxygen
Saturation.
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Introduction

Pulse oximeter is a simple technique that non-
invasively measures arterial oxygen saturation
(SpO2) and pulse rate (PR). Peripheral capillary
oxygen saturation (SpO2) measured by pulse
oximeter, is a simple and reliable objective
measurement in routine medical practice that
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approximates the level of oxygen in arterial blood
[1,2]. Measurements with this inexpensive and non-
invasive method also provide heart rate and an
indication of tissue perfusion -pulse amplitude. In
clinical practice the index and middle fingers are
most commonly used for measuring SpQO:. Pulse
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oximeter measures our oxygen saturation, or
percentage of blood carrying oxygen [3,4,5]. To get
the best reading from oximeter, enough blood
should flow to the hand and finger wearing the
device. The best reading, therefore, is achieved
when the hand is warm, relaxed, and held below
the level of heart.

In smokers, unfortunately, the reading on oximeter
may be higher than the actual oxygen saturation.
This is because smoking increases carbon
monoxide levels in blood, and the oximeter cannot
tell the difference between the gas carbon
monoxide from oxygen [6,7,8].

Low perfusion due to hypothermia, low cardiac
output, increased systemic vascular resistance or
profound anaemia, venous pulsations in a
dependent limb, excessive ambient light or motion
can cause pulse oximetry artifact [9,10]. Little
research is available on inter-digit differences in
pulse oximetry measurements. There is no
information in the current literature about which
finger could give the highest or the reliable
recording of SpOa.

This study will help in assessing whether if there is
any difference of SpO: values between-fingers in
young healthy adults. Pulse oximeter readings of
oxygen saturation (SpO2) may result in false
estimates of the true arterial oxygen saturation
(SpO2).

Therefore, an understanding of accuracy and finger
wise differences in values of SpOz in young healthy
adults is required to avoid different measuring
errors. Index finger is commonly selected for pulse
oximetry measurement, but we do not know which
finger is the best for probe location [7,8].

The aim of this study was to investigate which
finger is most resistant to hypoperfusion and the
best for the pulse oximetry measurement. Aim of
the study was to detect and compare the capillary
hemoglobin oxygen saturation (SpO2) values in
each finger of both hands in healthy individuals of
Bhavnagar and find which finger of hand has the
highest reliability and appropriate value of SpOa.
Objectives of the study were to measure height,
weight, temperature and blood pressure of all the
subjects, record SpOz in each finger of both hands
and find which finger of hand has the highest
reliability and appropriate value of SpOaz. The
purpose of this study was to evaluate the accuracy
and finger wise differences in values of SpO:
values in young healthy adults.

Materials & Methods

One sixty-three voluntary participants were
enrolled into this cross-sectional study with prior
written informed consent after approval from the
Institutional Review Board (IRB) of Government
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Medical College, Bhavnagar from June 2021 to
July 2021. Participants of the study were the
Healthy individuals of age group 18 to 60 years.
The individuals having history of peripheral
vascular disease, asthma or any pulmonary
disorder,  hypertension/diabetes,  anaemia/any
haemoglobinopathy or SBP>150 mm Hg /
DBP>100 mm Hg , nail varnish/ henna
pigmentation on fingers, local injury of hands,
history of OSA due to respiratory and ENT causes
were excluded from the study.

Individuals enrolled in the study agreed that data
regarding their health status could be used for
scientific purposes.

Data was collected by measuring height, weight,
temperature according to standard WHO protocol
using stadiometer, weighing machine and infrared
thermometer respectively after taking relevant
history. Participants were advised to take rest for
15 minutes. After 15 minutes, arterial blood
pressure was measured according to standard WHO
protocol by using Mercury Sphygmomanometer
and Stethoscope.

Participants were allowed to take rest for 5 minutes
after which SpO: and heart rate were recorded by
“pulse oximeter” wused for monitoring and
management of Covid 19 patients from each finger
of both hands according to standard WHO protocol.

GraphPad instat 3.0 and Microsoft excel was used
for statistical analysis. Repeated Anova test was
used to compare measurements. Post hoc
Bonferroni test was used to evaluate all multiple
comparisons for significant results. Simple
ANOVA test was used to compare the
measurements. Tukey Kramer Multiple comparison
test was used to evaluate all multiple comparisons.
P value < 0.05 was considered as statistically
significant. Comparison between different groups
and Statistical analysis was done by using ANOVA
test. If p value <0.05, Post hoc test was applied.

Results

The mean age of 163 subjects was (22.73 £11.49)
out of which 70 were females and 93 males. SpO2
of all ten fingers of each participant was taken and
recorded according to abbreviations used in the
table no. 1. Thus, a total of 163 volunteers were
involved and 1630 SpO: measurements obtained.
Mean demographic data of all the parameters
measured with mean and standard deviation values
are shown in table no 2. Comparison of SpO:
values between fingers of right and left hand are
shown in table no. 3 and table no. 4 respectively.

Out of 163 participants, 148 individuals had right
hand dominancy while only 15 were having left
hand dominancy. Subjects enrolled in the study
were in the normal BMI range according to WHO
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classification with normal values of SBP, DBP and
MAP respectively. All participants Blood oxygen
saturation recorded in these subjects revealed that
middle finger and little finger of right hand records
the highest value of SpO: which is statistically
significant (p value < 0.05). While in left hand,
index finger and little finger showed the highest
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SpO2 value which is statistically significant. SpO2
measurement from the fingers of the both hands
with the pulse oximetry, the right middle finger and
right thumb have statistically significant higher
value when compared with left middle finger in
right-hand dominant volunteers.

Table 1: Abbreviation for fingers.

Right thumb R1
Right index finger R2
Right middle finger R3
Right ring finger R4
Right little finger RS
Left thumb L1
Left index finger L2
Left middle finger L3
Left ring finger L4
Left little finger L5

Table 2: Mean demographic

data of parameters recorded.

Parameters recorded

Mean + standard deviation

Age (in years) 22.73+£11.49
Height (m) 1.64+0.11
Weight (kg) 57.86+£12.60
Gender (male/female) 93/70
Dominant hand (right/left) 148/15
Systolic blood pressure (mmHg) 112.05£13.09
Diastolic blood pressure (mmHg) 74.30+7.80
Mean blood pressure (mmHg) 86.88+8.92
BMI (Kg/m?) 21.59+4.85
Table 3: Comparison of SpO: values between fingers of right hand

SpO:2 values (%) R1 R2 R3 R4 R5
R1 96.55+2.06 -
R2 97.10+1.47 NS -
R3 97.33£1.36 <0.001 NS
R4 97.02+1.55 NS NS NS
RS 97.46+1.44 <0.001 NS NS -

Table 4: Comparison of SpO: values between fingers of left hand.

SpO:2 values % L1 L2 L3 L4 L5
L1 96.49+1.91 -
L2 97.27£1.42 <0.001 -
L3 97.06+1.57 NS NS -
L4 97.11£1.56 NS NS NS -
L5 97.36+1.52 <0.001 NS NS NS -
Discussion with poor peripheral perfusion. Dominant hand and

According to our results in 148 volunteers with
right hand dominance, R3 had the highest average
SpO2 value with the pulse oximetry, while in 15
volunteers with left hand dominance; the L2 had
the highest value.

The difference of SpO: recordings between
different fingers may not be clinically important,
but this knowledge may be valuable in conditions
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higher perfusion may explain the highest value in
R3. But, the explanation of the lowest value in L3
is a little complicated. In the non-dominant hand,
the size of the finger may become a negative
contributing factor that determines the SpO:
recording. Higher perfusion in the middle finger
seems reasonable to expect the highest and most
accurate SpOz value. According to the results of our
study, we believe that the middle finger of the
dominant hand has the highest and possibly the
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most accurate SpO: measurements. The highest
SpO: value can be taken as the most accurate value
that reflects the arterial oxygen saturation (SaO2).

Previous report showed that ulnar artery is
dominant for index finger, while ulnar and radial
arteries are equally innervated to the middle finger.
Highest PI value observed in the middle finger may
reflect relatively abundant blood perfusion due to
dual vascular supply [7,8,9,10].

According to our results in 148 volunteers with
right hand dominance R5 had the highest average
SpO: value with the pulse oximetry, while in 15
volunteers with left hand dominance, the L5 had
the highest value.

In a similar study, they gave a conclusion that
middle finger is best for accurate SpO2 monitoring
as it receives both ulnar and radial artery blood

supply.

In other similar study, in a survey of health care
workers for monitoring pulse oximetry, index
finger was selected by 80% for the SpO»
measurement (Mizukoshi et al.2009). Index finger
dominantly is fed from deep palmer arcus created
from radial artery. Mizukoshi et al. have
investigated the most suitable finger for the
measurement of the pulse oximetric monitoring.

In this study, we found out that highest SpO2 value
in right hand observed In RS little finger and lowest
in R1 right thumb. And same with left hand highest
SpO2 value in LS little finger and lowest in L1 left
thumb.

Compared to previous studies conducted by
Basaranoglu et al., 2015 and Mizukoshi et al.,2009,
which concluded that the most accurate
SpO: readings from are from the right middle
finger and index finger, respectively, our study
results are quite different. Higher perfusion in
dominant hands accounted for their findings.

An interesting observation has been made by David
Verhoeven et al., where they have concluded that
SpO: levels measured by pulse oximetry exhibited
an inverse correlation with viral loads in the lung.
SpO2 readings clearly and strikingly followed the
level of pathology in the lungs and the immune
response, demonstrating its utility for assessing the
amount of lung inflammation without having the
need for sacrificing animals during early infection
time points. This can be employed in COVID
patient monitoring non-invasively.

In a study by Haimovich et al. (2020), a low quick
COVID-19 Severity Index score based upon three
variables, namely, respiratory rate, pulse oximetry,
and oxygen flow rate, was found to be associated
with a less than 5% risk of respiratory
decompensation in the validation cohort. A
significant number of COVID-19 patients
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deteriorate  clinically within 24 hours of
presentation. These patients can be accurately
predicted with bedside respiratory examination
findings with a simple scoring system based on
pulse oximetry.

Using a simple theoretical model based upon the
Beer—Lambert law, the effect of shifts in
wavelength on pulse oximeter accuracy was
examined in relation to temperature and found to be
negligible over the temperature range studied by
Reynolds K J et al. However, the same has to be
interpreted in light of perfusion variations induced
by temperature, especially in sub 20°C
environments commonly maintained in intensive
care units as it has been observed by W M
Schramm et al. that finger-tip pulse oximetry
SpO2 readings change with limb temperature. The
change in venous oxygen saturation can be
explained by temperature-dependent arteriovenous
shunts in the periphery. The observed change in
SpO: probably reflects altered transmission of
arterial pulsations to venous blood in the finger.

The potential arrangement of blood supply in hands
can never be fully realized because any given hand
shows imperfections in its arterial distribution. The
palmar arteries in pair are the primary supply to the
fingers and are the larger and most consistent to the
thumb. The pair is connected by multiple
anastomoses in each finger. Like other anastomotic
systems, the pair is often unbalanced in size. This
irregularity nevertheless follows a definite pattern
in the thumb, index, and fifth fingers in the form of
predominant arteries lying medially. These arterial
supply variations can lead to varied perfusions in
digits, thus affecting SpO2 measurements. The fifth
finger often receives a significant supplementary
supply on its ulnar side from a dorsal branch of
ulnar arising from the proximal wrist. This explains
the variation in our study from the work of
Basaranoglu et al. and Mizukoshi et al.

Our finding of the highest average SpO:2 value in
left little finger needs to be investigated further,
especially taking into account ethnic differences,
climatic variations, and other factors. [11]

The main limitations of our study are the limited
number of subjects both right-handed and
particularly left-handed to fully appreciate the
reliability of our results.

Conclusion

We assume that right middle and right little finger
have the most accurate value that reflects the
arterial oxygen saturation. Monitoring pulse
oximetry at the middle finger may reduce the risk
that oximetry indicates inaccurate result during
hypoperfusion. The results of this study suggest
that pulse oximetry measurements should be taken
at the index, middle, or little fingers of either hand
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and the measurement taken at these digits are
equivalent.
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