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Abstract

Introduction: Single fiber reflectance spectroscopy (SFRS) is a noninvasive procedure to
quantitate tissue absorption and scattering properties. It can be used to diagnose different
diseases such as malignancy and pre-cancerous conditions. The measurement is done with
a fiber optic probe in contact with the tissue surface. Herein, the effect of probe pressure

on the extracted parameters from human lip spectra was studied.

Published online 27 October 2016

Methods: Thirty-three normal subjects were examined with three exerted pressure levels

on the right, middle and left parts of their lips.
Results: The results showed variation of spectroscopic parameters with different pressure

levels. However, the effect was seen between a very mild contact (pressure 1) and the other

Introduction

Reflectance spectroscopy is a noninvasive method to de-
termine the scattering and absorption properties of a tur-
bid medium, such as tissue. This information can be used
to describe aspects of the tissue physiology and morphol-
ogy.' Single fiber reflectance spectroscopy (SFRS) uses a
single fiber for the delivery and detection of light. The ad-
vantages of SFRS over other techniques such as spatially
resolved diffuse reflectance spectroscopy (DRS)? are the
simplicity of the setup and the small dimensions of the
tiber-optic probes.’ It has shown its potential in diagno-
sis of cancer and pre-cancer in lung lymph nodes,* brain,’
skin® and uterine cervix.”

In order to obtain clinically useful information about the
measured tissue, the spectroscopy results must depend
solely on the tissue characteristics rather than environ-
mental parameters, such as probe pressure.® Probe pres-
sure effect on fluorescence’'? and reflectance®''>!* spec-
troscopy has been studied by several authors. Nath et al'?
and Rivoire et al'® investigated this effect on fluorescence
spectra acquired from the human cervix. By application
of three pressure levels they did not find significant differ-
ence in the fluorescence intensity or line shape acquired
from the patients.

Reif et al”* investigated the effect of five pressure levels on
the right and left thigh muscles of ten mice. The probe
came in contact with the muscle after removal of the skin.

reasonably practical pressure levels normally used in the medical centers.
Conclusion: SFRS can be used as a reliable diagnostic tool in clinics.
Keywords: Spectroscopy; Reflectance; Probe pressure; Lip measurement.

They found that the absorption and scattering proper-
ties of the mouse thigh muscle depended on the probe
pressure.

Ti et al'! tested both fluorescence and reflectance spec-
troscopy dependence on the probe pressure using six ani-
mal tests. The heart and liver of the anesthetized rats were
exposed to 5 probe pressure levels during surgery. Their
results showed a significant spectral alteration of diffuse
reflectance and fluorescence spectra after exceeding a
threshold pressure. They concluded that such changes
may be highly tissue-dependent and the potential effect
should be considered during in vivo studies.

Delgado Atencio et al' and Lim et al’ investigated the
probe pressure effect on human skin DRS spectra. Del-
gado Atencio et al"* collected the spectra from 45 normal
forearm skins and one skin lesion. They compared the
effect of pressure on the spectra in 6 different pressure
levels. Their results showed a decrease in intensity of dif-
fuse reflectance above 600 nm in 83% of cases while no
remarkable difference was observed in spectral band of
400-600 nm.

Lim et al’ studied the short-term (<2 seconds) and long-
term (>30 seconds) effects of six probe pressure levels on
DRS and fluorescence measurements. The studied sam-
ples included forehead, neck and finger skin of five nor-
mal volunteers. They found a site-specific effect up to 10%
but negligible short-term effect of light probe pressure.
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This study was done to investigate the effect of probe pres-
sure on the SFRS spectra. SFRS has a shorter pathlength
than DRS which has been studied by other researchers.
The studied tissue was the human lip to simulate the ef-
fect of pressure on uterine cervix tissue with comparative
characteristics of epithelium layer. Herein, the effects of 3
different probe pressure levels during the lower lip mea-
surements of normal volunteers were evaluated.

Methods

Experimental Setup

The SFRS system setup has been described previously.’
Briefly, it included an optical fiber spectrophotometer and
a tungsten halogen light source. A pair of bifurcation con-
nected the two devices to a common fiber by two 200 um
diameter optical fibers. The common 1000 um diameter
contact probe was enclosed in a stainless steel tube with
a 1.6 mm outer diameter and the tip was polished at 15°
angle to reduce the specular reflectance (Figure 1).

At the distal end of the probe a spring and a holder were
designed in order to apply a specific pressure to the tis-
sue. Before the experiment, the linearity of the spring was
verified. The measurements were calibrated using a high
scattering solid phantom (Titanium dioxide [TiO,]) and
water within a dark container. The calibrated signal was
quotient of the measured spectra to the phantom mea-
surement while the water measurement was subtracted
from both.'® Spectra were collected and saved using an
interface written by LabView code (version 7.1; National
Instruments).

In Vivo Measurements

Thirty-three normal volunteers (8 females, 25 males) with
30 + 8 years old age were included in this study. Three
different pressure levels were applied to the right, mid-
dle and left parts of the lower lip of the subjects. Mea-
surements were acquired by the same user to eliminate
inter-user variability. A colorful indicator was positioned
under the spring of the probe holder to determine the ap-
plied pressure level. The highest pressure (3) was chosen
as not to hurt the subject while the lowest one (1) was
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Figure 1. Schematic of the Single Fiber Reflectance Spectroscopy
(SFRS) System Setup.'

such that a very mild contact was established between the
probe tip and tissue. The middle pressure (2) was chosen
between these two extremes. Five SFRS spectra were aver-
aged at each site to reduce the noise.

Data Analysis

A semi-empirical model for SFRS spectra analysis has
been described previously' and it was applied success-
fully in cervical tissue.” Because of the similarity of the
lower lip tissue with the cervical tissue, the same model
was used to analyze the measured spectra. However, mel-
anin was added to the model in addition to previously
described absorbers, including blood and beta-carotene.
The fitting parameters included Mie scattering ampli-
tude (Mie-amp), Mie scattering slope (Mie-sl), Rayleigh
scattering amplitude (Ray-amp), blood volume fraction
(Bl-vol), average vessel diameter (Ves-diam), melanin
concentration (Mel), beta-carotene concentration (B-car)
and blood oxygen saturation (StO,). Parameter estimation
was done using a Levenberg-Marquardt (LM) algorithm
that was scripted into LabView code. Figure 2 shows a
typical lip spectrum as well as its fitting curve.

A total of 288 spectra were obtained from 33 subjects.
Among these spectra the ones with bad fitting (mean
squared error > 100) were excluded. Also, the parameters
with high uncertainty and low level of signal to noise were
discarded. The criterion for exclusion of each parameter
depended on the frequent error associated with it among
the measurements. The effect of contact probe pressure
on the fitting parameters was evaluated by calculating the
significance of the difference between fitting parameter
mean values in each pressure group. It was done using
Kruskal-Wallis (KW) one-way analysis of variance test.
The statistical significance was set to P < 0.05. Figure 3
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Figure 2. A Typical Middle Part of the Lip Spectrum Obtained
With the Second Pressure Level Shown in LabView Interface.
Black squares indicate the data points of SFRS spectrum as a
function of wavelength. The blue and red lines are the fitting
curves obtained by the initial guess fitting parameters and after
application of Levenberg-Marquardt (LM) algorithm, respectively.
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Figure 3. Comparison Between Spectra Acquired With the Three
Pressure Levels Applied to the Middle Part of the Lip of the
Volunteer Shown in Figure 2.

shows the fitted spectra of the middle part of the lip mea-
surement of a male volunteer for the three applied pres-
sure levels.

Results

The difference of fitting parameters between the three
pressure levels was analyzed for each measurement site.
The number of acceptable data points for different pres-
sure levels is summarized in Table 1. Exclusion of unac-
ceptable values resulted in different number of analyzed
parameters for each pressure category. Among the three
measurement sites, Table 2 presents the results for middle
part of the lip measurements. The mean and standard de-
viation of the fitting parameters for each pressure level as

Table 1. The Number of Acceptable Data Points for Statistical
Analysis of Each Site and Pressure Level

Measurement Site on the Pressure Level

Lip r 2 Total
Left 31 32 30 93
Middle 32 30 30 92
Right 30 31 26 87

well as their corresponding KW P values are shown.

In a one-way analysis of variance, the comparison is made
between the means of several groups to test the hypoth-
esis that they are all the same. But sometimes, the infor-
mation about the significance of difference between pairs
of mean values is of concern. Therefore, a multiple com-
parison procedure can be performed. Table 3 shows the
significantly different pairs for each parameter among the
three pressure levels for the right, middle and left parts of
the lip measurements. In other words, the check marks in
the table show the pressure pairs which 95% CI of differ-
ence of their mean values did not include zero. The data
was analyzed using MATLAB software.

Discussion

Table 2 shows that all the spectroscopic parameters except
Ray-amp were affected by different pressure levels of the
contact probe during the middle part of the lip measure-
ment. Increase in probe pressure resulted in increase of
scattering amplitude in contrast with all other parame-
ters. Reif et al found that the blood vessel radius, oxygen
saturation and Mie slope decreased while the reduced
scattering coefficient at 700 nm increased with increasing
the probe pressure.”” Our results are in agreement with
them. Decrease in absorption and reduced scattering co-
efficients with increasing the pressure is consistent with
the results obtained by Lim et al.” However, the trend of
scattering was reversed after 500 nm in their study.

The comparison was made in detail in Table 3. It is shown
that the significant difference is only between the first
pressure level and the others or, only for one case (Mie-
amp during middle part of the lip measurement), between
the first and third pressure levels. This effect can be seen
in Figure 3 in which the difference between P1 and the
others is more pronounced than between P2 and P3. It
means that the mostly used pressures during a clinical ex-
periment (pressures 2 and 3) do not produce any differ-
ence in the extracted parameters from the measured SFRS
spectra. It is a good piece of news because a very mild
contact with the tissue, as applied in the pressure level 1,
is not a common practice for clinical use.

Less effect of probe pressure on spectroscopic parame-
ters of SFRS compared with DRS can be attributed to the

Table 2. The Mean and Standard Deviation of the Spectroscopic Parameters for Middle Part of the Lip Measurements and Their Corresponding

KW Test P Values

Mean = Standard Deviation for Pressures

Parameters p 2 3 P Value
Mie-amp (-) 0.474 + 0.089 0.513 £ 0.069 0.527 + 0.064 0.046
Mie-sl (-) -1.212 £0.281 -0.934 £ 0.184 -0.863 £ 0.144 0.000
Ray-amp (-) 0.004 + 0.009 0.005 + 0.008 0.005 + 0.008 0.113
Bl-vol (-) 0.017 +0.006 0.008 + 0.005 0.008 + 0.004 0.000
Ves-diam (mm) 0.021 + 0.006 0.015 + 0.006 0.015 + 0.005 0.000
Mel (mM.cm) 0.167 +£0.147 0.097 + 0.081 0.084 + 0.054 0.029
B-Car (uM) 12.03 £5.25 6.89 +3.31 7.94 + 3.84 0.000
StO, (%) 76.64 £ 8.57 70.24 £7.21 69.47 £9.47 0.003
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Table 3. The Significantly Different Average Parameters for Left, Middle and Right Part of the Lip Measurements

Measurement Site

Parameters Left Middle Right
Pressure Levels 1 2 3 1 2 3 1 2 3

1 v
Mie-amp 2

3 v

1 v v v v v v
Mie-s| 2 v v v

3 v v v

1
Ray-amp 2

3

1 v v v v v v
Bl-vol 2 v v v

3 v v v

1 v v v v v v
Ves-diam 2 v v v

3 v 4 v

1 v v v v
Mel 2 v v

3 v v

1 v v v v
B-Car) 2 v v

3 v v

1 v v v v
StO, 2 v v

3 v v

smaller sampling volume.” While the number of illumina-
tion and collection optical fibers ranges from two** to sev-
en' in other similar studies, SFRS uses a single fiber for
both illumination and collection of the spectra. The other
reason is the shorter time during which the pressure was
applied. While the pressure application duration differs
from 5 seconds to 2 minutes in other studies,”'*!>!* the
acquisition and pressure application time was about one
second in this study. It is long enough to collect 5 spectra
from the tissue and short enough not to induce a signif-
icant effect on the collected data. It is consistent with the
negligible short-term effect of probe pressure on tissue
characteristics.’

In order to reduce the tissue-specific variations,”"! the lip
tissue was chosen for the experiment. It has comparable
characteristics to uterine cervix which is under investiga-
tion by the authors.”® Also, the tissue was tested in its nor-
mal situation rather than exposing to the probe barely like
other studies.'>" Investigation of the sole effect of probe
pressure on a comparable tissue and with similar experi-
mental setup, confirmed the previous cervical tissue re-
sults. No significant difference was seen between different
probe pressures exerted by ten clinicians in diagnosis of
cervical pre-cancer using SFRS.?

Conclusion

The influence of probe pressure on the single fiber re-
flectance spectra has been studied. SFRS is a simple and
cost-effective method for diagnosis of malignancies and

pre-malignancies. While the probe pressure influences
most of the SFRS spectroscopic parameters, the difference
is seen between the lowest pressure level and the more
reasonable ones. It shows the potential of SFRS system for
diagnostic purposes in clinics without being concerned
about the interfering factor of pressure variation.
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