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Non-invasive diagnostics of the maxillary and frontal 
sinuses based on diode laser gas spectroscopy*

Summary
Problem: Suspected, but objectively absent, rhinosinusitis constitutes a major cause of visits to the doctor, high health care 
costs, and the over-prescription of antibiotics, contributing to the serious problem of resistant bacteria. This situation is 
largely due to a lack of reliable and widely applicable diagnostic methods. 

Method: A novel method for the diagnosis of rhinosinusitis based on non-intrusive diode laser gas spectroscopy is presen-
ted. The technique is based on light absorption by free gas (oxygen and water vapour) inside the sinuses, and has the poten-
tial to be a complementary diagnostic tool in primary health care. The method was evaluated on 40 patients with suspected 
sinus problems, referred to the diagnostic radiology clinic for low-dose computed tomography (CT), which was used as the 
reference technique. 

Main results: The data obtained with the new laser-based method correlated well with the grading of opaci!cation and 
ventilation using CT. The sensitivity and speci!city were estimated to be 93% and 61%, respectively, for the maxillary sinuses, 
and 94% and 86%, respectively, for the frontal sinuses. Good reproducibility was shown. 

Principal conclusion: The laser-based technique presents real-time clinical data that correlate well to CT !ndings, while 
being non-intrusive and avoiding the use of ionizing radiation. 
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Introduction
Rhinosinusitis, i.e. in"ammation of the nose and paranasal 
sinuses due to e.g. bacterial, viral or allergic reaction, constitu-
tes a major socio-economic and health problem. Costs include 
the consultation of a physician, tests and medical treatment. 
In 2002, over one !fth of the prescriptions for antibiotics in the 
USA were for the treatment of rhinosinusitis. Most diagnoses 
of rhinosinusitis, approximately 87%, are performed in primary 
health care clinics and are based on symptoms and clinical 
signs (1-3).

The de!nition of rhinosinusitis is symptom-based: the major 
factors being facial pain, facial fullness/congestion, nasal 
obstruction/blockage, purulence in the nasal cavity, and 
discharge/purulence/discoloured postnasal drainage together 
with fever (4,5). In 2007, the European Position Paper on Rhino-
sinusitis (6) expanded the recommendations for the diagnosis 
of this complaint to include objective signs, such as mucosal 
obstruction, revealed by endoscopy or computed tomography 
(CT). It has been found that when objective measurements are 
included in the diagnostic process, a large proportion (approxi-
mately 73%) of rhinosinusitis patients diagnosed as having 
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rhinosinusitis according to the symptoms mentioned above, 
showed no evidence of the disease according to CT and/or 
endoscopic evaluation (7). This group of patients thus does not 
require treatment with antibiotics, a fact that is important in 
restricting the use of antibiotics.

The cost of chronic rhinosinusitis to society is high due to 
the large number of outpatient visits and the medication 
prescribed (8). The major contributors to the high outpatient 
cost are CT and nasal endoscopy. CT is especially costly, and 
considerable savings could be made if this could be replaced 
by an inexpensive non-invasive method for the diagnosis of 
rhinosinusitis. We present a potential diagnostic method, and 
the instrumentation required, that can be used by both ENT 
specialists and physicians in primary health care, which allows 
easy, non-invasive, repeated measurements. This newly deve-
loped technique provides information on the gas volume and 
composition of the gas in the maxillary and frontal sinuses. 
The method is based on a laser spectroscopic technique called 
GASMAS (GAs in Scattering Media Absorption Spectroscopy)(9), 
which probes the free gas inside solids and liquids. GASMAS 
has already shown promising results in volunteers for both the 
frontal and maxillary sinuses (10,11). The present paper presents 
the results from the !rst clinical trial carried out to study the 
diagnostic accuracy of GASMAS by comparing the !ndings to 
those from CT scans. 

Method
Participants
The inclusion criterion for the study population was referral to 
the Lund University Hospital for low-dose CT due to suspected 
sinus disease. The patients received information on the clinical 
trial in the CT examination referral letter. Forty patients who 
gave their written consent were examined with the index test, 
i.e. the developed laser-based technique (GASMAS), directly 
after undergoing the CT scan. Both examinations were perfor-
med at the Diagnostic Radiology Clinic at the Lund University 
Hospital. No treatment was administered between the tests. 
The study was approved by the Regional Ethics Committee in 
Southern Sweden (No. 210-2007).  

Reference standard – Computed tomography
The diagnostic accuracy of the laser-based technique GASMAS 
was evaluated against CT as a reference standard. CT was cho-
sen as the reference technique because it provides objective 
con!rmation of sinus disease. 

The CT examinations were performed using a Philips Brilliance 
64-slice scanner (Philips Healthcare, Best, the Netherlands) 
with the patient in the supine position. The acquisition para-
meters were: spiral mode, 80 kVp, CTDIvol 0.7 mGy, 1 mm slice 

thickness reconstructed with 50% overlap. From these primary 
slices, multiplanar reformations with 2 mm coronal and axial 
slices including the maxillary and frontal sinuses were recon-
structed. 

Index test – Laser-based technique
The examinations with the laser-based technique GASMAS 
were performed with an instrument (12) developed at the Divi-
sion of Atomic Physics at Lund University, depicted in Figure 1. 
The instrument measures the amount of free gas, oxygen (O2), 
and water vapour (H2O), inside the sinus cavity, by measuring 
light absorption. The absorption by H2O is closely related to 
the volume of the gas probed, due to humidity saturation. The 
ratio of the absorption by O2 and H2O provides a measure of 
the O2 concentration inside the sinus. Both the absorption by 
H2O and the O2/H2O absorption ratio were analysed. 

A detailed technical description of the instrument and data 
processing has been presented previously (12). The instrument 
interfaces with the patient through two probes: a !bre probe  
(10 cm long, 1 cm in diameter), and a detector probe (a large-
area photodiode, measuring 18 × 18 mm2), which are held 
against the patient’s face. The !bre probe transmits light (total 
energy of about 1.5 mW) from two diode lasers, emitting at 
760 nm and 935 nm for the detection of O2 and H2O, respecti-
vely. Laser drivers, an optical breadboard and a computer with 
a data acquisition card (DAQ) are assembled on a rolling cart. 
A long optical !bre to the light transducer (!bre probe) and a 
long signal cable to the light detector (detector probe) enable 
easy access to the sinuses of the patient during examination.

The index tests were performed on the maxillary and frontal 
sinuses on both sides of the patient. The measurement geome-
tries are depicted in Figure 1. For examination of the maxillary 
sinus, the !bre probe is placed inside the mouth on the palate, 
on the right or left side pointing towards the sinus to be exa-
mined. The detector probe is placed on the cheekbone ante-
riorly under the eye, in direct contact with the skin. For frontal 
sinus examinations the !bre probe is placed at the location 
of the frontal bone directed towards the sinus. The detector 
is positioned on the frontal bone above the eyebrow. Each 
sinus was examined four times, the probes being repositioned 
between measurements. A measuring time of 20 seconds, 
corresponding to 200 averages of the signal, was used. During 
measurements the lights in the room were turned o$, and the 
patient wore laser-light protective goggles. 

Data evaluation
The diagnostic accuracy of the laser-based technique was 
investigated by comparing the results obtained from CT 
scans (i.e. the reference standard). The status of the examined 
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sinuses was determined from the CT scans by a senior radiolo-
gist, using a previously established classi!cation scheme for 
sinuses (13). The classi!cation includes grading of aeration, ven-
tilation and anatomic variants of the sinus. The grade describes 
the opaci!cation of the sinus: 0 – no abnormality, 1 – partial 
opaci!cation, and 2 – total opaci!cation. Obstruction of the 
ostiomeatal complex (OMC) classi!es the ventilation as: 0 – not 
obstructed, or 2 – obstructed. The anatomic variants are classi-
!ed as 0 – normal and 1 – absent sinus. 

Two parameters obtained with the index test measurement: 
the absorption by H2O and the ratio of the absorption by O2 

and H2O, were compared with the CT !ndings. As stated above, 
the absorption by H2O is related to the gas volume probed, 
while the ratio of the absorption by O2 and H2O provides a 
measure of the oxygen content in the sinus. There should thus 
be a correlation between opaci!cation determined by the CT 
scan evaluation and low H2O absorption determined by the 
index test. Impaired ventilation of the sinus according to CT 
evaluation should be seen as a low ratio between the O2 and 
H2O absorption in the index test, due to a decrease in O2 con-
centration resulting from adsorption by the tissue (14).

The results of the reference standard and the index test were 
obtained under blinded conditions. The investigators were 
blinded regarding the results of the CT scan during the index 
test (laser measurements) and during the subsequent data 
processing. Likewise, the radiologist analysing the CT scans 
was unaware of the results obtained with the laser-based 
method. 

Statistical methods
The sensitivity and speci!city of the index test were estimated 
by applying threshold values of the test parameters, calculated 
from the healthy patients. The examined sinuses were divided 
into two subgroups: healthy sinuses and sinuses with patholo-
gy. The results obtained from the healthy sinuses with the index 
test, i.e. classi!ed as showing no opaci!cation or obstruction 
of the OMC in the CT evaluation, were analysed assuming a 
normal distribution. Thresholds of the index test parameters, 
H2O absorption and ratio of O2 and H2O absorption, were deter-were deter-
mined from the 95% con!dence intervals. The sensitivity and 
speci!city were estimated using the thresholds obtained for 
the frontal and maxillary sinus, individually. 

The reproducibility of the index test was evaluated from the 
four consecutive individual gas absorption measurements. The 
deviation between the index test parameters obtained from 
the same sinus was calculated and used for reproducibility 
analysis.

Table 1. Sinus status of the study population, according to the reference 

standard evaluation (CT scans).

Maxillary sinus Frontal sinus

80 sinuses 74 sinuses - 6 absent

OMC OMC

G
ra

de

0 2

G
ra

de

0 2

0 60 2 0 68 2

1 12 5 1 2 1

2 0 1 2 1 0

Table 2. Overview of diagnostic accuracy.       

Maxillary sinus Reference standard
In

de
x 

te
st Healthy 

57 sinuses
Pathological 

18 sinuses

Heal. True Positive = 53 False Positive =11

Path. False Negative = 4 True Negative = 7

Frontal sinus  Reference standard

In
de

x 
te

st Healthy 
66 sinuses

Pathological 
14 sinuses

Heal. True Positive = 62 False Positive = 2

Path. False Negative = 4 True Negative =12

Results
In the present study, 40 patients underwent examinations 
with the reference standard and the index tests. The examina-
tions took place between October 21, 2008 and February 29, 
2009. The study population consisted of 10 men, aged 22 - 83 
years (57 ± 16 years), and 30 women aged 30 - 84 years (54 ± 
14 years). The patients did not report any discomfort during 
the laser-based examination, which lasted approximately 15 
minutes.

The distribution of the sinus conditions of the study popu-
lation shows that the majority of the sinuses were classi!ed 
as healthy according to the results of the reference standard 
(Table 1). Only 25% of the maxillary sinuses examined were 
opaci!ed (Grade 1 or 2) or showed obstructed ventilation 
(OMC 2). The corresponding proportion for the frontal sinuses 
was 12%, including 7.5% with an absent sinus. 

Data from 25 measurements using the index test are mis-
sing due to technical problems or limited light transmission 
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through the examined sinus. The missing data correspond to 
3.9% of the total 640 index test measurements performed (4 
sinuses in each patient, and 4 measurements on each sinus). 
Technical problems, such as incorrectly saved !les and satura-
ted ampli!cation, resulted in the loss of 9 measurements. Four 
of the maxillary sinuses examined (16 measurements) could 
not be evaluated due to the low level of laser light detected. Of 
the 25 missing measurements, !ve are a single measurement 
among the four consecutive measurements performed on a 
particular sinus. The 3 values obtained for these sinuses were 
used for the evaluation of the diagnostic accuracy of the me-
thod. The 5 sinuses for which no index test data were available 
were not included in the comparison of the reference standard 
and index test. The CT evaluation of these sinuses showed four 
healthy sinuses (Grade 0 and OMC 0), and one partially patent 
sinus (Grade 1 and OMC 0).

The results of the index test parameters, absorption by H2O 
and the ratio of O2 and H2O absorption are shown in Figure 2, 
in relation to their classi!cation from the CT images. Sinuses 
with H2O absorption below the detection limit of the index 
test instrument, i.e. 2 mm (12), were excluded from the evalu-
ation of the ratio. It can be seen that the sinuses with no 
gas-containing cavity, Grade 2 or absent sinuses, exhibit no 
H2O absorption. The maxillary sinuses with a partially gas-!lled 
cavity (Grade 1) show a lower H2O absorption than aerated 
sinuses (Grade 0). This clear di$erentiation between Grades 1 
and 0 was not seen in the data obtained from the frontal si-
nuses. Gas-!lled, but unventilated maxillary and frontal sinuses 

(Grade 0 and OMC 2) show no anomaly in H2O absorption, but 
3 out of 5 exhibited a reduced oxygen concentration. Low H2O 
absorption in the index test identi!es obstructed and absent 
sinuses well, and a low O2/H2O absorption ratio identi!es 
unventilated sinuses.

The H2O absorption (which is a measure of the volume of gas) 
and the O2/H2O absorption ratio (which provides a measure of 
the oxygen concentration) provide complementary informa-
tion. The clinical applicability of the index test should thus be 
evaluated using both these parameters together. Presenting 
the measured absorption of O2 and H2O of a particular sinus 
together, illustrates a way to expose both index test param-
eters with retained sinus identity. Figure 3 shows the index test 
data obtained in this way demonstrating the suitability of this 
approach. The sinuses classi!ed as healthy (Grade 0 and OMC 
0) exhibit strongly positively correlated values of O2 and H2O 
absorption that lie around the line y = x. This indicates that 
the gas volumes of O2 and H2O probed were similar, and that 
the O2 concentration is similar to the ambient concentration. 
A clear deviation from the line y = x indicates an abnormal 
oxygen concentration. Low values of H2O and O2 absorption, 
i.e. low gas volume, are located in the lower left corner of each 
plot. The data presented in Figure 3 provide information on the 
gas volume and oxygen concentration in a particular sinus, in 
contrast to the data presented in Figure 2.

The data and thresholds presented in Figure 3 yield a sensitiv-
ity and speci!city of 93% and 61% for the maxillary sinuses, 

Figure 1. The set-up of the laser-based method 

showing the measurement geometry of frontal 

and maxillary sinuses. Absorption signals from a 

frontal sinus are shown on the monitor. A modula-

tion technique was used so the gas absorption 

signal has the shape of the derivative of the light 

absorption.
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and 94% and 86% for the frontal sinuses (Table 2). Sinuses with 
any kind of pathological !nding according to the reference 
standard classi!cation (CT scans) are treated as one group. 
Both parameters of the index test, H2O absorption and O2/H2O 
absorption, were used to determine the diagnostic accuracy. 
The estimated sensitivity and speci!city provide information 
about the possibility of distinguishing sinuses with pathologi-
cal conditions from healthy sinuses (Grade 0 and OMC 0).

The index test showed good reproducibility. The variation 
between the four consecutive measurements on each sinus 
with the laser-based technique was small. For the maxillary 
sinus, the average deviation between the measurements on 
the same sinus was 2.0 mm for the H2O absorption and 0.09 for 
the O2/H2O ratio. The corresponding values for the frontal sinus 
were 1.2 mm and 0.09.

Discussion
The results of this study show that there is good correlation 
between the reference standard (CT scans) and the index test 
(laser-based technique GASMAS). They also demonstrate that 
diagnostically valuable information can be obtained non-

intrusively, with a simple instrument not requiring ionizing 
radiation. The laser-based system consists of low-cost compo-
nents that can be incorporated into a small device with good 
usability, as well as in instruments with additional sensors. 
The price of the research instrument was about € 20,000, and 
exhibits large "exibility and alteration possibilities. The cost of 
a commercially produced instrument can be expected to be 
considerably lower. 

The non-intrusive and harmless nature of the technique allows 
repeated examinations, making it possible to study the course 
of the disease, as well as recurring problems. The diagnostic 
parameters provided by the technique are the absorption of 
light by H2O (which is correlated to the gas volume probed), 
and the ratio of the absorption by O2 and H2O (which provides 
a measure of the oxygen concentration). As can be seen in 
Figure 2, the former parameter is related to the obstruction of 
the sinus, while the latter is related to the ventilation of the si-
nus. A useful way of combining the parameters in the analysis 
is to plot the O2 absorption vs. the H2O absorption in a scatter 
plot, as shown in Figure 3. Here, healthy sinuses lie close to 
the line y = x above the H2O absorption threshold. Distinct 
deviation from the line indicates a low or high (high being 
physiologically unlikely) oxygen concentration. Small values 
close to the origin of the plot indicate low gas absorption, i.e. 
opaci!ed, absent or small sinuses.
This study on the clinical applicability of the laser-based me-
thod demonstrated good sensitivity and speci!city between 
sinuses with and without pathological !ndings according to 
the CT classi!cation scheme. Due to the low occurrence of 
sinuses with pathological conditions in the study population, 
no statistical di$erentiation could be made between the CT 
classi!cation subgroups, however, particular groups, such as 
those with opaci!ed sinuses (Grade 2 and absent sinuses) are 
well distinguished with the laser-based technique. Further 
studies on a larger study population are needed to determine 
the sensitivity and speci!city for speci!c subgroups. The large 
proportion of healthy sinuses in the present study population 
provides a good basis for threshold calculations, whereas the 
statistical data are not conclusive with respect to sensitivity 
and speci!city. 

Since the laser-based method provides information on the gas 
volume probed by the laser light, there is no intrinsic way to 
distinguish between small healthy sinuses and partially ob-
structed larger sinuses, or between an absent or a completely 
obstructed sinus. Using an additional method, such as acoustic 
techniques, together with the laser-based method could allow 
such distinctions to be made. Further investigations into this 
are required. Additional information that could be incorpora-

Figure 2. Index test parameters categorized according to the CT classifi-

cation, for the maxillary sinuses (above) and the frontal sinuses (below). 

The mean values for sinuses with Grade 0 and OMC 0 are shown on the 

left in the graphs, together with the 95% confidence interval (dashed 

lines). Left: Absorption by H2O. Right: Ratio of O2 and H2O absorption.
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Figure 3. Absorption by O2 vs. H2O together with 95% confidence interval threshold values of H2O absorption and ratio of O2 to H2O absorption 

(dashed lines), for the maxillary sinuses (left) and the frontal sinuses (right).

ted into the diagnostic data is the amount of light transmis-
sion, di$erences between the patient’s sinuses (left and right) 
as well as the patient’s history of previous examinations.

One limitation of the laser-based technique is the penetration 
depth of the laser light, preventing the analysis of deep-lying 
sinuses, such as the ethmoidal sinuses. The sinuses located 
deep in the skull cannot be examined with the laser method in 
its present form. Theoretically, it would be possible to obtain 
measurements from the anterior ethmoidal cells, although 
we have not yet investigated this possibility. Nevertheless, in 
the acute clinical setting, information regarding the maxillary 
and frontal sinuses is more important as acute ethmoiditis is 
revealed by concomitant periorbital oedema.

In summary, the clinical trial presented here demonstrates the 
possibility of using laser light to obtain diagnostic information 
on the maxillary and frontal sinuses non-intrusively, without 
the need for ionizing radiation. The trial was carried out on 40 
patients, and showed that the results obtained with this novel 
technique are well correlated to the classi!cation according 
to the reference standard CT scan evaluation, and that the 
method has good sensitivity and speci!city, as well as good 
reproducibility.
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