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This study was undertaken to evaluate the structure of bone and soft tissues of the rabbit oral cavity during and after
long-term corticosteroid therapy. Osteoporotic changes in bone tissue were noted from the 12th day after the beginning
of the experiment and progressed to the 30th day of the use of glucocorticoids. Dentin and tooth enamel were resistant to
the action of the hormone. After the abolition of the 30-day course of hydrocortisone, normal structures were restored by
day 16, and by the end of the experiment (day 30), there were no pathological changes in the bone or soft tissues of the
teeth. Subsequently, the predentin zone was restored. These changes in bone tissue after the cessation of limiting therapy
are reversible, which indicates the need for a more critical attitude towards those patients taking corticosteroids as an anti-
inflammatory therapy.
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MpencTaBneHbl pe3ynbTraTbl OLEHKN CTPYKTYPbl KOCTHOW TKaHW 1 TKaHel 3y60B KPONKOB NPy ANTENbHON KOPTUKOCTE-
POVAHONV Tepanun 1 Npu ee oTMeHe. IaMeHeHns B KOCTHOW TKaHW B BUAE OCTEONOPO3a OTMeYanucb ¢ 12 goHs nocne Hava-
na aKcnepumMeHTa u nporpeccuposanu Kk 30 AHIO NCNONb30BaHNUS MIOKOKOPTUKOMAOB. YCTOMYNBLIMU K AENCTBUIO FOPMOHA
okasanncb OeHTUMH 1 amManb 3y6oB. Mocne oTMmeHbl 30-AHEBHOro Kypca rmapokopTU3oHa Habaanocb BOCCTaHOBJIEHNE
CTPYKTYP K 16 AHI0, a K KOHLy akcrnepumenTa (30 AeHb) OTCYTCTBOBaNN Kakme-nmbo naToiormyeckmne U3MeHeHnst B KOCTHOM
TKaHM 1 B TKaHsx 3y6a. Mo3xe apyrux BOCCTaHaBMBaaCb 30Ha NPeaeHTUHA. Yka3aHHble U3MEHEHMS KOCTHOW TKaHW nocne
npekpaLLeH1s TMMUTUPYIOLLE Tepanum 06paTUMbL, YTO AUKTYET HEOOXOAMMOCTb 60/1ee KPUTUYHOIO OTHOLLEHUSI K COCTOSI-

HUIO NAUNEHTOB, NMPUHUMaKLWNX KOPTUKOCTEPOUObl B KA4eCTBE HpOTMBOBOCHaﬂVITeJ'IbHOVI Tepanunu.
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GC - Glucoorticoids

and immunomodulatory properties, which

influence all metabolic forms, glucocorticoids
(GC) have a wide range of adverse effects that are
dependent on the dose and duration of application.
The most commonly used form of GC therapy is
limited therapy — when drugs are applied for several
weeks to several months in non-physiological doses,
their influence on bone metabolism is extensive;
in particular, these effects include the emergence
of generalized osteoporosis, which can lead to the
formation of spontaneous fractures [1, 2, 3].

Animal experiments have been performed to study
morphological changes of the teeth during application
of GC therapy. In particular, inhibition of the globular
calcification of the dentinogenic zone of the upperincisors
has been noted [4], as well as a sharp expansion of pulpal
vessels and instances of hemorrhage [5, 6, 7]. However,
after the introduction of the hormone, bone formation
was observed [8, 9]. Information regarding the timing
and nature of changes in the tissues of the jaw and teeth
under the influence of corticosteroid drugs is incomplete.
Structural rearrangements of the periapical tissues of
the jaw and hard tissues of the teeth that occur after the
cessation of limited therapy with prednisolone (1 mg/kg/
day) or hydrocortisone (4-5 mg/kg/day) have not been
extensively studied. However, such information is needed
to substantiate, both with and after the abolition of GC,
therapeutic approaches that involve the uncontrolled
prescription of medications with unproven effects.

The purpose of the study was to study drug
pathomorphosis in hard tissues of the teeth and
surrounding tissues with the application of GC, as well as
after the abolition of corticosteroids.

Material and Methods. Two series of experiments
were performed. The first series studied changes
in the teeth and surrounding tissues following the
administration of corticosteroid preparations to
25 rabbits. The second series studied changes in these
tissues after drug withdrawal, using 28 rabbits. In both
series of experiments, rabbits underwent intramuscular
administration of hydrocortisone for 30 days: 5 mg/kg
body weight. Rabbits in the first series were sacrificed for
analysis at 2, 6, 9, 12, 16, 20, 25, and 30 days from the
beginning of the administration of the preparation; rabbits
in the second series were sacrificed for analysis at 2, 6,

Along with their pronounced anti-inflammatory
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12, 16, 20, 25, and 30 days after drug discontinuation.
For histological examination, teeth were harvested with
surrounding tissues. The material was fixedin 12 % neutral
formalin for 7 days, decalcified in Trilon-B, subjected to
ascending concentrations of alcohol exposure and poured
into celloidin. Morphological changes were judged on the
basis of preparations stained with hematoxylin and eosin,
in accordance with the method of Mallory and Masson.

Data Processing. Microscopic analysis of the sections
was performed on a digital microscope with an integrated
Olympus BX45 camera. Morphometric studies were
performed using Video-Test Morphology 5.1 software
for Windows. The resulting digital data were analyzed
using Student’s t-test in Primer of Biostatistics 4.03 for
Windows. p<0.05 was considered to indicate statistical
significance.

Ethical standards. Animal experiments were
performed in accordance with the principles of good
laboratory practice (National Standard «Good Laboratory
Practices» GOST R 53434-2009), «International
recommendations for conducting animal biomedical
research» (1985), and the Rules of Laboratory Practice in
the Russian Federation (Order of the Ministry of Health of
the Russian Federation Ne 267 of June 19, 2003).

Results and Discussion. In the first series, histolo-
gical analysis of the jaws and teeth on the 2nd day of the
experiment showed no changes in the hard tooth tissues.
The bony substance of the jaw was somewhat homoge-
nized, and an excessive number of Ebner lines were ap-
parent. No changes were detected on days 6 and 9. Pulp
and periodontal vessels were full-blooded; in some, sta-
sis phenomena were noted. On the surface of the bone,
facing the hole, there were small lacunae. Within the pale
stained bone substance, small round-oval cavities were
formed, comprising a soft fibrous tissue. Some cavities
overflowed with capillaries. The walls of the Haversian ca-
nals were intensively stained.

At days 9 and 16 after the beginning of the experi-
ment, the overall structure of the hard tooth tissues per-
sisted, although the predentin zone became poorly dis-
cernible; the dentin exhibited more pale dye staining
(Fig. 1a). The blood supply to the capillaries of the pulp
remained high; in some places, small focal hemorrha-
ges were detected. In the root portions of the teeth, there
was partial destruction of cellular elements in the pulp, as
well as disorganization of the intercellular matrix with de-
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struction of the collagen fibers (Fig. 1). Bone surrounding
the teeth exhibited significantly pronounced Ebner lines
and Haversian canals with sharply hyperchromic walls. In
comparison with the previous observations, the number
and size of the cavities increased within the bone. Sepa-
rate small osteoclasts were located in separate cavities.

Fig. 1. Micro preparations. Pulp of the tooth on days 9 (a)
and 16 (b) using corticosteroid: a — focal destruction
of predentin (1), dentin zone (2), decay of pulp (3). Staining
with hematoxylin and eosin. Ok. 40, Obj. 10; b — edema
and disorganization of pulp tissues (1). Staining
with hematoxylin and eosin. Ok. 20, Obj. 10

Onday 20, the osteon patternwas almost undetectable
in the bone tissue; osteoporotic changes in the bone
substance surrounding the teeth were pronounced. In
some areas, the bone substance appeared as small,
discrete pale staining beams.

Changes in the structure of the tooth and surrounding
bone tissue on days 25 and 30 of the experiment did not
differ from those observed earlier in the experiment.

In the second series, histological analysis of the
jaws and teeth on day 2 (after the drug was discontin-
ued) showed that the changes described above in the
tissues of the teeth and jaws persisted. On days 6 and
9, the walls of the Haversian canals became intensively
stained in the bone tissue surrounding the teeth. On days
12 and 16, the dentin became basophilic, and the zone
of predentin was not detected. Blood supply to the cap-
illaries was moderate. The lengths of endothelial cells in
the tissues of the periodontal mandible were 72.4+7.18-
104.8+12.85 um. The thicknesses of endothelial cells
in the tissues of periodontium of the upper jaw were

76.4£9.35-108.8+12.6 um; those in the gum of the lower
jaw were 34.6+4.75-68.3+11.64 um. The area of blood
vessels within the pulp of the teeth of the upper and lower
jaws also was significantly different, compared with that
of the control group (Table). A pronounced vacuolization
was observed in the odontoblasts. During the same pe-
riod of the experiment, proliferation of connective tissue
elements of the periosteum became especially notice-
able in the bone substance of the jaws (Fig. 2). Cavities
formed earlier under the influence of cortisone, gradually
filled with newly formed bright pink bone substance with
a foundation consisting of large osteoblasts.

Table
The area of blood vessels of the pulp of the teeth
of the upper and lower jaws (pm?2)

Day Arterioles, M£m Venules, M+m
Upper jaw Lower jaw Upper jaw Lower jaw
Control | 49.97+3.15 | 45.94+3.15 | 51.63+5.55 | 50.53+7.86%
2 29.16+2.87" | 25.44+1.71" |42.93+4.78™%| 33.13+4.59"
20 33.134£3.17" | 30.46+2.75" | 31.5242.45" | 35.1746.79"
30 39.49+1.45" | 32.16£1.27" | 34.25+2.44" | 31.25+4.35"

Note: statistical significance of the differences with the control:
* — p<0.05; between the upper and lower jaws: & — p<0.05.

P

- i

Fig. 2. Micro preparations. Bone tissue on days 12 (a)

and 16 (b) after corticosteroid withdrawal: a — formation

of reticulofibrous bone tissue, proliferation of connective
tissue elements (1) of periosteum (2) in bone jaw material (3).
Coloring Mallory. Ok. 10, Obj. 40; b — cavity (1), formed under

the influence of cortisone, filled with newly formed bone

substance (2). Staining with hematoxylin and eosin.
Ok. 20, Obj. 10
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By day 20, the hard tissues of the teeth did not dif-
fer much from the corresponding normal tissues; how-
ever, the predentin zone was almost undetectable. In
the bone tissue of the jaws, small cavities, «lined» with
a layer of osteoid substance, were sporadically pre-
served. Bony beams became massive; osteoblasts
were located on the surface of the beams.

On days 25 and 30 after cortisone abolition, the his-
tological structures of the teeth and surrounding bone
tissue were as follows. The layer of predentin was re-
stored; petrification of the dentinal tubules increased
(Fig. 3); dentinal spheres appeared, although vacu-
olization remained near odontoblasts; cavities in the
bone material were completely filled with newly formed
osteoid tissue; and dentinal tubules were greatly ex-
panded, many at the beginning of dichotomous divi-
sion, due to the deposition of lime. The tubules were
highly convoluted, but retained their structural ana-
tomical structure.

B

Fig. 3. Micro preparations. Structure of dentin on days 25 (a)
and 30 (b) after corticosteroid withdrawal: a — restoration
of the predentin layer (1), petrification of the dentinal tubules (2).
Staining with hematoxylin and eosin. Ok. 40, Obj. 10;

b — convoluted dentinal tubules (1) with signs
of dichotomous division (2). Masson coloring.

Ok. 100, Obj. 10

These experiments indicated that enamel and den-
tin were relatively durable with respect to the effect
of cortisone. Moreover, the introduction of cortisone
caused a disruption in the distribution of lime salts in
the dentin and necrobiotic changes in odontoblasts.

Changes in the pulp throughout the experiment
were consistent, comprising fullness, swelling of the
tissue, and pyknosis of the vascular endothelial nuclei.

In the bone tissue surrounding the teeth, the most
characteristic change was the gradual development of
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osteoporosis, which reached a peak on days 20 and
25 day of the experiment. Calcareous salts were ex-
creted from the bone substance mainly through Haver-
sian canals, as evidenced by excessive staining of the
canal walls with hematoxylin.

The observed changes can be subdivided into
early and late reactive changes in bone tissue, in
response to the administration of corticosteroid
preparations. Importantly, some histological changes
(especially those that occur early during corticosteroid
administration), became evident only with histological
examination and could not be clinically detected.
However, these changes led to disruption of structure
and function in tissues of the teeth and bone with
prolonged or massive corticosteroid therapy; thus,
they are valuable in the overall evaluation of a particular
pathological condition.

The results of the second series of experiments
convincingly showed that the disruptions of oral
structured related to corticosteroid therapy are
completely reversible, although this effect may be
limited to short courses of corticosteroid therapy. Hard
tissues of teeth, because of their minimal exposure to
the hormone, almost completely regained their natural
structures by days 9 and 12 after discontinuation of the
drug. By the same date, the reversal of osteoporosis
reached a significant extent.

Restoration of periapical bone tissues was primarily
mediated through enhanced proliferation of cellular
cambial elements possessing osteogenic potencies,
followed by ossification of the newly formed osteoid
tissue. The vacuolization of odontoblasts noted in the
experiments, which followed the restoration of the
dentin structure, confirmed the physiological essence
of this process, which completed the proliferation of
hard tissues of the teeth.

Osteoporosis is a well-recognized complication of
periodontal pathology and changes in the bone tissue
environment in a variety of diseases. In a prior study
[12], increased bone turnover, inflammation, and low
vitamin D levels were shown to be important in the
pathophysiology of ankylosing spondylitis osteoporosis
in 128 outpatients.

Investigations of the effects of GC on bone mineral
density showed negative effects on lumbar spine bone
mineral density, but no effect on hip bone mineral
density [13]. Moreover, in ankylosing spondylitis, tumor
necrosis factor inhibitor was associated with improved
lumbar spine and hip bone mineral density.

A prior study [14] of the prevalence of osteoporosis
and fractures in axial spondyloarthritis showed that
these vary between 11.7-34.4 % and 11-24.6 %,
respectively. The main reason for osteoporosis in
that study was steroid administration. Additional
well-designed patient studies must be performed to
investigate bone quality, bone microarchitecture and
fractures, and disease-associated factors.

Conclusions. The study showed the possibility of
developing, under the influence of corticosteroids, a
number of undesirable phenomena; these included
various disorders in the structure of the teeth and
surrounding tissues. Changes in the structure of
teeth and tissue that develop with corticosteroid
therapy, by their nature, comprise manifestations of
osteoporosis obtained under experimental conditions
in other animals, following the introduction of higher
doses of hormones [4, 8]. These changes in teeth and
jaws after reversal of limiting therapy are reversible,
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which

indicates the need for a more critical attitude

toward patients taking corticosteroids as an anti-

inflammatory therapy [10,

11], as well as more

objective justification (with a high level of evidence)
for prescribing medications to correct undesirable
effects of GC.
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