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ABSTRACT

The aim: To elaborate the thermosemiotics of acute and chronic tonsillitis during exacerbation.
Materials and methods: 48 patients with acute tonsillitis and 19 patients with chronic tonsillitis were examined during disease exacerbation. Thermographic examination
was carried out by the medical thermometer TI-120. Statistical processing of data was carried out with computer program “Microsoft Excel” and “Statistica for Windows”v. 6.0,

StatSoft Inc. (USA).

Results: Symmetry, homogeneity and isotherm are normal thermographic features of the skin. Presence of hyperthermia in carotid triangle, on the palms were revealed in
patients with acute tonsillitis. In chronic tonsillitis in the stage of exacerbation, a moderate overall «warming up» of the neck and projections of the submandibular lymph
nodes was also observed. The average temperature indices of the knee joints were statistically significantly higher than the corresponding values in healthy people °C (P<0.01).
Conclusion: Only in patients with acute tonsillitis clear strong positive correlation between the temperature of half of the submandibular area and warming in the center of the
palm —r=0.812...0.859 (P<0.01) and in the middle of the tenar on the corresponding side —r =0.790 ... 0.827 (P<0.01) was observed. Only in the case of chronic tonsillitis,
in the stage of exacerhation, the temperature difference over the knees and the lower part of the femur is always greater than 0.5 °C.
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INTRODUCTION

Acute tonsillitis is a rapid onset infectious inflammation of
tonsils that is the third most common infection after influ-
enza and other acute respiratory infections in etiological
structure of infectious morbidity [1, 2].

Cases of Streptococcal infection are comprised of more than
50 % of a total number of patients with respiratory infections 3].
Itis important that after acute tonsillitis relapsing inflammation
of palatine tonsils may be formed. It is favorable for formation
of tonsillar diseases (rheumatic fever, myocarditis, glomerulo-
nephritis, pyelonephritis, etc.). These data point out tonsillitis
as actual problem of theoretical and practical medicine.

In the last 10 years, the diagnosis of “tonsillitis” became
widespread both in Ukraine and in the world.

According to World Health Organization (WHO) data
among the world’s population about 616 million cases of strep-
tococcal tonsillitis are diagnosed annually [4]. Researches that
are carried out in different countries indicate an increase of the
cases of streptococcal infections in the human population and
the appearance of severe cases of the disease due to the vari-
ability of the pathogen [5-8]. Streptococcal infections remain
one of the relevant reasons of the population morbidity which
allowed WHO to name them an actual medical, social, and
economic public health issue [9,10]. The relapsing course of
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streptococcal tonsillitis and it’s frequent complications despite
of the proper etiotropic therapy allow to hypothesize about
existence of unstudied mechanisms in this infectious disease.

The thermographic criteria of acute and chronic tonsil-
litis in the stage of exacerbation concerned the features of
the thermorelief of the anterior half of the neck were de-
scribed previously. Thus, according to the known method
(in a known way), in patients with acute process, a spilled
hyperthermia in the projection of the tonsils and subman-
dibular lymph nodes is appeared, but temperature differ-
ence with adjacent regions (AT) usually exceeds 0.6 °C,
and in chronic cases, limited in area hyperthermia in the
upper part of the neck concerning to the type of “collar”
with AT in most patients is 0.3-0.6 °C [11, 12].

However, this method is not sufficiently precise and
specific, since the degree of hyperthermia and the area of
intensive light directly depend on the level of inflammation
in the tonsils, which alleviates the specified thermometric
boundaries between acute and chronic tonsillitis.

THE AIM
To elaborate more clear (or clearer) and specific the ther-
mosemiotics of acute and chronic tonsillitis in the stage of
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Fig. 2. Patient V.. 34 years old with acute tonsillitis. Hyperthermal symmetrical temperature distribution of the of the skin of the subnundibullar region,
palm, and knees

Fig. 3. Patient Ya.N. 24 years old with acute tonsillitis. Hyperthermal asymmetrical temperature distribution of the of the skin of the subnundibullar
region, palm, and knees
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Fig. 4. Thermogram of the anterior part of the neck and palms of patient M.V., 39 years old with
chronic tonsillitis in the stage of exacerbation, decompensated form (hyperthermia in the projection
of a carotid — AT = 0.6 °Cand in the middle of palms — AT =1.1°()

exacerbation by determination of the characteristics of in-
frared radiation in various anatomical sites of such patients.

MATERIALS AND METHODS
To determine the distinct characteristics of infrared radi-
ation in the submandibular region and on the palms, 48
patients (26 men and 22 women) with acute and 19 (8 men
and 11 women) with chronic tonsillitis in the stage of exac-
erbation were examined. Their age was between 23 and 58
years with average year (36.8+13.5). Control group consist
of 32 healthy volunteers of the same age with normal body
temperature and they had no history of tonsillar pathology.
The diagnosis of acute bacterial tonsillitis was made using
clinical, laboratory, and instrumental examinations.The
survey was conducted at the permission of the Bioethics
Commission of I.Ya. Horbachevsky Ternopil State Medical
University (Minutes No. 125/18 dated September 26, 2018).
Hyperemia, bloster-like thickening of the edges of the
palatine arches, cicatrix comissures between the tonsils and
palatine arches, caseous and purulent corks in the tonsillar
lacunas, regional lymphadenitis, tonsilogenic intoxication
and prolonged subfebrile conditions, as well as anamnestic
data about manifestations of decompensation in the form of
frequent recurrent acute tonsillitis for a long time. Thus, the
signs of chronic tonsillitis in the stage of exacerbation were
and reticulum cicatricial adhesions between loose tonsils and
palatine arches, cystic-purulent cork, regional lymphadeni-
tis, tonsilogenic intoxication were the main clinical signs of
chronic tonsillitis in the stage of exacerbation. To determine
the reliability of streptococcal etiology of tonsillitis, the Centor
scale of clinical symptoms evaluation was used [13]. Presence
of paratonsillitis, parontosillar abscess and other complica-
tions, as well as concomitant inflammatory diseases, were the
criterion for exclusion of person from the study.

Fig. 5. Termogram of the leg of the same patient
(knee hyperthermia — AT= 1.9 °C)

Thermographic inspection was performed using medical
thermal imager TI-120. Analysis of thermograms was carried
out with the program package “IRSee Software”. Thermal im-
ages were assessed visually by comparison of the color palette
with nearby regions. If there was a thermal asymmetry, thermo-
grams were described by the following algorithm: presence of
thermal asymmetry; localization of the zone with increased and
reduced intensity of infrared radiation; temperature values and
their difference from a symmetrical zone. The thermographic
survey of the submandibular region and neck was performed
on the patients in sitting position. Apparatus was focused at a
distance of about 40-50 cm from the face in facial projection
when the head was tilted back. We paid special attention at a
carotid triangle that corresponds to the position of the carotid
artery and submandibular lymph nodes, the projection of the
larynx and head-nod muscles. Keeping the same distance and
projection, thermograph of palms was made. At the same time
a temperature of the thenar, finger-tips, hypothenar and the
middle of the palm was evaluated.

Statistical processing of data was carried out with
computer program “Microsoft Excel” and “Statistica for
Windows” v. 6.0, StatSoft Inc. (USA).

RESULTS

It is known in healthy persons, the temperature distribution of
the right and left submandibular regions and both of the palms
and knees are symmetrical according to average indices [12].
Mild hypothermia in the projection of the larynx and head-nod
muscles, hyperthermal cords along the neck’s magistral vessels
were the characteristic thermographic features of submandibular
regions. The thermal radiation above this zone in absolute figures
fluctuated between minimum and maximum values of — 34.2-
36.8 °C, with average level (35.1+0.7) °C. In general, following are
the features of normal palm and knee teplovision visualization:
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Table 1. Distribution of average temperature indices in different anatomical regions in healthy persons and patients with acute tonsillitis in the stage

of exacerbation

Average temperature (M+m) °C

Anatomical region

healthy persons (n=32)

acute tonsillitis (n=48) chronic tonsillitis (n=19)

Carotid triangle 35.1+0.7 37.5+0.8* 37.1+0.6*
Thenar 34.0+£0.6 36.9+0.6* 35.3+0.6
Middle of the palm 34.2+0.6 37.0+0.7* 35.7+0.4*
Knee joints 32.9+0.5 33.2+04 35.5+0.7*

Note * — a reliable difference compared to a group of healthy individuals (P<0.05-0.001).

Table Il. Results of thermal imaging inspection of carotid triangle, palms, and legs in patients with chronic and acute tonsillitis in stage of exacerbation

o 4 Locus
° £
v =G
2 g Y T carotid triangle thenar TeHap midle of the palm knee joints
v = Tosillitis
$gs b b b b
&S abs.  Moprmo 20 M%:m9% s Moerm% 0% M%tm%
= number number number number
0-05 Acute (n=48) 3 6.3+3.5 0 0.0+0.0 0 0.0+0.0 48 100.0+0.0
(Norm  Chronic in stage of .
control)  exacorbation (ne1e) 2 10.5£7.0 3 15.8+8.4 2 10570 0 0.0£0.0
Acute (n=48) 16 33.3+6.8 9 18.8+5.6 10 20.8+5.9 0 0.0+0.0
0.6-1.1 ici
Chronic in stage of 1 57.9+11.3 7 36.8+11.1 6 31.6£10.7 3 15.8+8.4
exacerbation (n=19)
Acute (n=48) 19 39.6+7.1 22 45.8+7.2 19 39.6+7.1 0 0.0+0.0
1.2-1.6 ie i
Chronic in stage of 4 21.049.3 5 26.3+10.1 8 42.1+11.3 5 263+10.1%
exacerbation (n=19)
Acute (n=48) 10 20.8+5.9 17 35.4+6.9 19 39.6%7.1 0 0.0+0.0
>1.6 ici
Chronic in stage of 2 10.547.0 4 21.149.4 3 15.8+8.4* 11 57.9+11.3*

exacerbation (n=19)

Note. * — a reliable difference at compared with patients with acute tonsillitis in the border of proper range AT (P<0.05-0.001).

symmetry and homogenicity, isotherm with moderate relative hy-
perthermia of the middle of the palm, fingers of the hand and foot
are traced to the fingertips The range of absolute values of palm
temperatures was 32.3-34.5 °C, average figures — (34.2+0.7) °C.
Although in 53 % of healthy individuals, thermal asymmetry can
be registered at 0.2-0.6 °C with predominance in both the left and
right side. Significant differences between male and female were
not revealed [14-17]. We found previously that the temperature
indices in healthy 20-40 years of age persons were significantly
higher by 0.4-0.5 °C than in eldery persons (>40 years) [12].

Catarrhal inflammation was diagnosed in 3 of examined
patients (6.3 %) with acute tonsillitis, follicular —in 11 (22.9 %),
and 23 persons (47.9 %) had lacunar inflammation .

According to the character of thermal radiation in patients
with acute tonsillitis we distinguished two states — isothermal
(19 individuals) and hyperthermic (39 individuals).

In isothermal state temperature distribution in the tissues of
the submandibular region and palms, and knees did not differ
from the thermogram in control.

Taking into consideration the existence of physiological
temperature asymmetry +0.3 °C between the right and left half
of the submandibular region, the palms, and knees such cases
of temperature distribution were considered as symmetrical.
Figure 1 illustrates these type of heat radiation.
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The obtained combination of temperature indices on the
histogram and the line of projection of both tonsils proves the
absence of differences of thermal radiation in symmetrical
regions.

Hyperthermic radiation, is a result of the inflammatory
process in the tonsils, which is projected on the submandibular
region.

It is important that out of 39 patients with this type of
thermal radiation only in 13 persons local hyperthermia was
approximately symmetrical (the temperature difference in the
pair of parts — AT - did not exceed 0.2 °C) (Fig. 2), while in the
rest — the temperature asymmetry reached even 1.2 °C (Fig. 3).

Itis characteristic that despite of patients’ age, in all these cases,
the noted difference of temperatures in the carotid triangle, on
the palms, primarily in their center and in the middle of the
elevation of the thumb-thenar was observed. It is important that
the temperature of these areas statistically significantly exceeds
the proper value in healthy persons (P<0.05-0.001). At the same
time the temperature of the knee joints did not change (Table 1).
It was clear strong positive correlation between the temperature
of the half of the submandibular region (the projection of the
one of the palatine tonsils and the warming in the middle of
the palm (r=0.812 ... 0.859 at P<0.01) and in the middle of the
thenar on the corresponding side - r=0.790 ... 0.827 at P<0.01.
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In 7 out of 19 patients with chronic tonsillitis in the stage of
exacerbation there were compensated, and in the remaining 12
persons —decompensated forms of inflammation.

In exacerbation stage of chronic tonsillitis in thermotopo-
gram of anterior part of the neck showed a moderate warming
of the neck, a symptom of a “collar’, where, on the background
of insignificant hyperthermia brighter focal luminosities in the
projection of lymph nodes, mainly submandibular ones were
revealed (AT = 0.6 °C, table I. Fig. 4). At the same time, the
average temperature indices of the knee joints were statistically
significantly higher than the proper values in healthy persons —
(35.5+0.7) vs. (32.9+0.5) °C (P<0.01). At the same time, other
clinical signs of gonitis persecution were excluded.

Table II shows the fact presence fact of hyperthermia in the
carotid triangle, on the patients’ thenar and in the middle of the
palms in absolutive vast of patients with acute tonsillitis,and AT
usually exceeds 0.5 °C, and in every fifth to third - even 1.6 °C.
At the same time, no one of these patients was registered warm-
ing the knee joints, since this area was practically isothermal
with the lower part of the femur (AT does not exceed 0.3 °C).
Similarly, on the thermograms of the anterior half of the neck
of patients with chronic tonsillitis in the stage of exacerbation
hyperthermia of the submandibular area and palms was dom-
inant (AT was predominantly in the range of 0.6-1.6 °C). At
the same time, the most significant (>1.6 °C) exceeding of the
temperature difference in the middle of the palms in comparing
with adjacent areas was found only in (15.8+8.4) % of such
patients, which was significantly lower than in persons with
acute tonsillitis (39.6+7.1) % (P<0.05).

In this case, only in the patients with of chronic tonsillitis in
the stage of exacerbation, the in comparison with the lower part
of the femur (AT is always greater than 0.5 °C), thermographic
inspection of the knees always showed their hyperthermia and
in (57.9£11.3) % of these patients AT exceeded 1, 6 °C (Table
11, Fig. 5)

Since one of the main pathogenetic links of chronic tonsilli-
tis in the stage of exacerbation is the presence of tonsilogenic
intoxication, it can lead to infectious and allergic inflammation
of large joints [18].

Let be assume that the degree of hyperthermia of the knee
joints reflects the activity of chronic tonsillitis. At the same time,
when patient has acute inflammation of palatine tonsils, large
joints are not affected.

Conclusion about the degree of compensation of chronic
tonsillitis tonsils can be made according to the level of tem-
perature difference over the knees and the lower part of the
femur. Thus, in 10 out of 12 patients with decompensated
form of tonsillitis, indicated AT (more than 1.6 °C), and in all
7 patients with compensated form — moderate (1.2-1.6 °C). It
is important that even without clinical manifestations of joints
inflammation, the thermovisual inspection makes it possible
to establish initial manifestations of tonsilogenic intoxication
in the form of insignificant hyperthermia (AT = 0.6-1.1 °C).

DISCUSSION
As well in response to penetration of the infectious agent,
the inflammatory process develops in the pharyngeal tonsils,

which is manifested by local circulatory disturbances, increase
of vascular wall permeability, local immunosuppression and, as
a consequence, activation of endogenous microflora with e a
gradual development of acute inflammation in the tissue of the
palatine tonsils [19]. We assume that the marked relationship
between the temperature of the submandibular palms, and
knees is associated with reflex autonomic changes that lead
not only to the dysregulation of the vascular tonus, but also
are display remotely from the locus morbi in the Ged zones. As
it is known, in the pathogenesis of their formation takes part
anatomical and functional (metameric) connection between
the skin and inner organs through the segmental apparatus of
the spinal cord. In this process, a certain role plays a functional
state of the central nervous system.

From the modern point of view Ged zonse may be interpreted
as areas with altered sensitivity of the skin and other tissues
(muscles, bones) of a certain metamer, a complex vasomotor
and motor-trophic reflex, which is believed to be a skin meta-
meric projection of affected internal organ. In these zones
tenderness to palpation, changes of trophicity, skin electric con-
ductivity, perspiration, skin temperature and disorder of skin
surface sensitivity as hyper- or hypoalgesia were revealed [20].

This assumption is supported by the study of H. Asada et al.
(2003), who on the basis of a thermographic examination of 131
patients with chronic tonsillitis in the remission phase found that in
2-4hours after mechanical massage of the tonsils, the temperature
of the palms in some patients increased by >1 °C. It is interesting
that in this group of patients more favorable outcome after ton-
sillectomy was observed. Therefore researchers suggest to use the
thermographic technique and above mentioned provocative pal-
mar test as a marker for prognosis of effectis of tonsillectomy [15].
The same authors point out that in the area between the shoulder
girdle and submandibular region a line of the hyperthermia has
distinct contours and resembles “the collar”, which is a character-
istic feature of the toxicoallergic form of chronic tonsillitis.

Thus, the proposed method provides an increase of the
informativeness of the differential diagnostic study in patients
with acute and chronic tonsillitis in the stage of exacerbation,
as well as the possibility of establishing the form of chronic
tonsillitis. The peculiarity of thermosemiotics of chronic ton-
sillitis in the stage of exacerbation established by us is protected
by patent [21].

CONCLUSIONS

1. In patients with acute and chronic tonsillitis the isother-
mal and hyperthermal (symmetrical and asymmetric)
thermal radiation of submandibular areas and palms may
be distinguished. Only in patients with acute tonsillitis
can be traced a clear strong positive correlation between
the temperature of half of the submandibular area (the
projection of one of the palatine tonsils) and warming
up in the center of the palm - r = 0.812 ... 0.859 (P<0.01)
and in the middle of the tenar on the corresponding side
-1r=0.790...0.827 (P<0.01) can be observed.

2.In patients with acute tonsillitis, the regions of knee
joints are practically isothermal with the lower part of
the femur (AT does not exceed 0.3 °C).
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3. Only in the case of chronic tonsillitis, in the stage of ex-
acerbation, the temperature difference over the knees and
the lower part of the femur is always greater than 0.5 °C,
and in (57.9£11.3) % of these patients AT exceeds 1.6 °C.

4. The degree of compensation for chronic inflammation
of the tonsils can be estimated by the level of tempera-
ture difference over the knees and the lower part of the
femurs: AT in the range 1.2-1.6 °C indicates the compen-
sated form, and AT which is greater than 1.6 °C is usually
a sign of the decompensated form of chronic tonsillitis.
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