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SUMMARY

Introduction/Objective The aim of this paper is to point out the prevalence and severity of oral diseases
in patients in the period before and after the transplantation of solid organs and hematopoietic stem cells.
Methods MEDLINE literature search was done via PubMed.

Results The development and improvement of transplantation medicine in specialized centers lead to an
increasing number of patients, both adults and children, with transplanted solid organs and hematopoietic
stem cells. Despite the success of therapy, numerous changes and complications can be observed on
other organs in patients undergoing transplantation of solid organs and hematopoietic stem cells in the
pre- and post-transplant phase. Systemic diseases and conditions related to organ and cell transplantation,
which are accompanied by numerous oral manifestations. The most common oral changes are gingival
enlargement, desquamation of the oral epithelium, very painful ulcerations, polypoid and granulomatous
changes in the oral mucosa, hard dental tissues with frequent complications, developmental anomalies of
teeth in younger children, and in the later stage also the occurrence of oral cancer. After transplantation
of solid organs, hematopoietic changes in the oral cavity and other organs occur depending on the
patient’s post-transplantation period as well as on the applied immunosuppressive therapy.
Conclusion Oral changes development before and after transplantation of solid organs and hematopoietic
stem cells point to the importance of timely and competent cooperation between the dentist and the

doctor who treats the underlying disease.
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INTRODUCTION

Transplantation of solid organs is a mostly sur-
gical therapeutic method by which the non-
functioning organs are replaced with healthy
ones. It is applied in treatment of various dis-
eases that lead to permanent damage to the
function of certain organs. Transplantation
of hematopoietic stem cells is most frequently
carried out in the treatment of the most severe
forms of hematological diseases and some
forms of malignant tumors. Transplantation
of solid organs and hematopoietic stem cells
is a demanding and complicated process that
requires the engagement of a multidisciplinary
team. For the success of this procedure, a
comprehensive preoperative and postopera-
tive management of the patient is extremely
important. Owing to significant discoveries in
the field of transplantation medicine, as well
as comprehensive multidisciplinary treatment
of patients in the peritransplantation period,
long-term survival without symptoms of the
basic disease is enabled. Transplantation of
solid organs and hematopoietic stem cells sig-
nificantly influenced the length and quality of
life of patients [1].

In patients with transplanted organs and cells,
despite the success of the therapy, numerous

changes can be observed on other organs and
systems. The risks and adverse effects of trans-
plantation on other organs occur depending on
the duration of the underlying disease, general
state of the organism, the presence of another
chronic illness, the applied therapy, or the age
of the patient. These changes can be diagnosed
in the pre- and post-transplant phase. Changes
affecting soft and hard tissues of the oral cavity
are among the most widespread changes. The
most common oral changes include gingival
enlargement, periodontal diseases, desquama-
tion of the oral epithelium, very painful ulcer-
ations, polypoid and granulomatous changes
in the oral mucosa and in the later stages, as
well as the occurrence of oral cancer [2, 3]. Due
to the extensive accumulation of oral biofilm
and the presence of mineralized deposits on the
teeth, these patients are also suffering from dis-
eases of hard tooth tissues with frequent com-
plications. Changes in the form of obliteration
and calcification can occur in the pulp cavity.
In children, where the processes of odonto-
genesis have not yet been completed, devel-
opmental anomalies of hard dental tissue may
occur. These anomalies are more pronounced
and more frequent in younger children in early
stages of odontogenesis. Hypoplastic enamel
changes, delayed tooth eruption, endogenous
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changes in tooth color, as well as changes in the develop-
ment of the roots of primary and permanent teeth are the
most commonly occurring anomalies [4-7].

After transplantation of solid organs and hematopoi-
etic stem cells, changes in the oral cavity and other organs
occur depending on the transplantation period in which
the patient is as well as on the applied immunosuppres-
sive therapy. Due to frequent oral diseases in the peri-
transplant period, dentists are an important part of the
multidisciplinary team participating in the care of patients
in all major transplant centers in the world. Dental treat-
ment is an integral part of the transplantation protocol in
these centers, both during the preparation period and after
transplantation [1, 8].

The most numerous are patients with transplanted cells,
that is — hematopoietic stem cells, followed by patients
with kidney and liver transplants, in regard to solid organ
transplantation.

SOLID ORGAN TRANSPLANTATION

Numerous chronic kidney diseases represent major health
problems all over the world. A progressive decrease in re-
nal function or organ failure is usually a consequence of
various chronic diseases that lead to nephron damage and
glomerular filtration reduction. The therapy of these con-
ditions implies the application of hemodialysis, peritoneal
dialysis, and organ transplantation [9]. Also, chronic liver
diseases of different etiologies, permanent damage to the
function and numerous consequent complications repre-
sent indications for liver transplantation.

Oral changes before transplantation of solid organs

Chronic renal diseases are accompanied by frequent clini-
cal manifestations on other organs and systems, or other
chronic diseases, among which poorly controlled diabetes
and cardiovascular diseases are the most common. In addi-
tion, the adverse effects of numerous drugs and therapies
have resulted in a wide spectrum of various oral manifes-
tations in about 90% of patients with renal insufficiency
[10]. Chronic liver diseases and permanent damage to the
functions of this organ often lead to the occurrence of
oral diseases affecting oral mucous membrane and salivary
glands, gingiva and periodontal tissues, jaw bone, and hard
dental tissue [8].

In patients with renal and hepatic insufficiency, exten-
sive plaque cumulation is observed, as well as the presence
of mineralized deposits on the teeth, gingival inflamma-
tion, spontaneous bleeding or bleeding after gingival prob-
ing, prolonged and increased bleeding after some dental
procedures, gingival recession and loss of the adherent
epithelium, as well as the presence of periodontal pockets
(2, 8, 11]. All this leads to an increased risk of develop-
ing caries. Non-cariogenic damage and the loss of hard
dental tissues in the form of erosion as a consequence of
nausea, esophageal regurgitation and vomiting can be also
observed. Caries in the neck of the tooth crown appears in
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patients with xerostomia. It often occurs in patients who
are on hemodialysis and can also occur due to unwanted
effects of drugs, loss of bodily fluids, reduced fluid intake,
or breathing through the mouth. Long-standing xerosto-
mia favors the formation of caries and inflammation of
the gingiva, complicates speech, chewing and swallowing
of food, as well as the retention of prosthetics. In these
patients, caries complications such as pulp disease with
periapical lesions, acute and chronic dentogenic infections,
and residual roots of decayed teeth often occur. All these
local complications may be the cause of systemic infec-
tions [2]. Chronic liver diseases in children who have not
completed the process of odontogenesis lead to character-
istic greenish endogenous dental staining. Developmental
anomalies of the teeth can be diagnosed in the form of a
delayed emergence of permanent teeth and hypoplastic
structural anomalies of the enamel in children with chronic
kidney disease [3, 12].

Patients with renal insufficiency have a characteristic
uremic fetor. They complain of metal taste in the mouth
and pain caused by the appearance of uremic stomatitis.
Uremic stomatitis is manifested in the form of erythema-
tous-membranous changes, ulcerations, hemorrhagic, and
hyper-parakeratotic changes of the oral mucosa [13, 14].
The changes are prone to secondary fungal, viral and bac-
terial infections. Fungal infections of the Candida albicans
genus are often the cause of opportunistic infections and
occur in the form of pseudomembranous, erythematous
and atrophic lesions at the oral mucosa. More frequent
presence of fungal infections has been identified in pa-
tients with diabetic nephropathy [2, 4]. Viral infections
in patients with renal insufficiency are most commonly
caused by Herpes simplex type 1 virus (HSV1). Poor oral
hygiene, decreased secretion and change in pH of the sa-
liva, altered oral microflora composition, reactivation of
the virus, as well as the disturbed integrity of oral mucous
membranes favor the occurrence of oral bacterial, viral and
fungal infections, their dissemination and the appearance
of systemic infections in patients with renal and liver in-
sufficiency [15]. In addition to the above-described, other
mucosal lesions such as leukoplakia and lichenoid changes
are also frequent in these patients. Patients undergoing
dialysis program are also on anticoagulant therapy, which
increases the risk of enhanced bleeding in the oral cavity.
Chronic renal diseases are often accompanied by anemia
due to the reduction of erythropoietin synthesis, as well
as hemostatic disorders resulting from altered platelet ag-
gregation, which is manifested by spontaneous bleeding
or increased and prolonged bleeding after dental interven-
tions, followed by pallor of oral mucosa and the appearance
of petechiae and ecchymosis [13].

Metabolic disorders, acidosis, hyperphosphatemia, hy-
pocalcemia, and secondary hyperparathyroidism occurring
in 92% of hemodialyzed patients lead to the occurrence of
renal osteodystrophy. Demineralization, reduction in the
number of trabecula and the thickness of the bone cor-
tex are noticed on the jaw bones and temporomandibular
joint. On the tooth-supporting apparatus, these disorders
lead to the loss of the lamina dura, to the expansion of
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the periodontal membrane, and to the large destruction
of periodontium, causing pathological teeth mobility and
their loss [6, 12, 16].

Oral changes after solid organ transplantation

The occurrence of oral changes in patients after transplan-
tation of solid organs is mainly caused by the adverse ef-
fects of various drugs and the presence of infection in the
mouth. Patients with transplanted organs are on long-term
immunosuppressive therapy that reduces the risk of organ
rejection. Immunosuppressants often exhibit adverse ef-
fects such as nephrotoxicity, hepatotoxicity, neurotoxicity,
hypertension, and enlargement of the gingiva. Gingival
enlargement is at the same time the most frequent change
in soft tissue of the oral cavity, which, in addition to the
effects of immunosuppressive therapy, is also favored by
combination of immunosuppressants and some drugs
used for reducing blood pressure, as well as extensive
dental plaque cumulation. Children and adolescents are
particularly prone to these gingival changes [17, 18, 19].
The greatest tendency to gingival enlargement is evidenced
immediately after transplantation and after three months.
Long-term immunosuppressive therapy, most often after
two years, caused appearance of granulomatous changes
in the oral mucosa and dorsal surface of the tongue, en-
largement of the lips, the appearance of angular cheilitis
and fissures on the lips, pigmentation on the oral mucosa
and erythroplakia. Patients complain of dry mouth, mouth
sores, bad odor from mouth, and bleeding gums during
tooth washing [20]. An unusual proliferation of lympho-
cytes in the post-transplant period leads to lymphoprolif-
erative changes in the paranasal cavities, in the oral cavity,
on the larynx and salivary glands [21].

Long-term immunosuppressive therapy, poor oral hy-
giene and untreated oral diseases can be the cause of numer-
ous infections. In patients on immunosuppressive therapy,
even microorganisms that form a normal oral flora can be
the cause of common infections. Various bacterial and fun-
gal infections caused by Candida species are commonly seen
in patients following kidney transplantation. Also, a greater
presence of Herpes simplex virus type 1, Epstein-Barr vi-
rus, and Cytomegalovirus was evidenced in sputum in these
patients. In addition to the fact that these microorganisms
are causes of numerous oral changes and disruption of the
integrity of the oral mucous membranes, there is the pos-
sibility of their dissemination, onset of systemic infection
and the risk of rejection of the transplanted organ [20-24].

The tendency to epithelial dysplasia, occurrence of pre-
malignant and malignant lesions in oral mucosa after organ
transplantation, was also observed. The predisposing local-
ization of malignant lesions is the skin of the head and neck
as well as mouth and lips, with squamous and basocellular
carcinomas being the most common ones. Several factors
lead to the emergence of oral cancer, with long-term appli-
cation of immunosuppressive therapy, inadequate immune
response of the organism to the activation of malignant
cells, and the presence of papillomas and other oncogenic
viruses being most commonly implied [25].
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TRANSPLANTATION OF HEMATOPOIETIC STEM
CELLS

Transplantation of cells, that is — hematopoietic stem cells,
can be allogeneic and autologous. Standard indications for
the hematopoietic stem cell transplantation are inborn and
acquired diseases of the lymphohematopoietic system and
some solid tumors [26, 27].

Oral changes before transplantation of
hematopoietic stem cell

In this period, changes in oral tissues arise as part of the
adverse effects of very aggressive chemotherapy or com-
bined chemotherapy and radiotherapy, which are applied
under various protocols for treatment of the most severe
malignancies. The oral cavity is very sensitive to the direct
and indirect effects of cytotoxic therapy. Direct stomato-
toxicity of cytostatics is a consequence of the non-specific
effect of drugs on cells in the process of division, when
in the addition to malignant cells, healthy cells are also
involved [28, 29]. The tissues with faster cellular cycle are
more extensively affected, including oral tissues with a cel-
lular division cycle of 7-14 days. Cytostatic drugs result in
the reduction of basal layer regeneration of the oral epithe-
lium and occurrence of mucositis most often a week after
the therapy is administered. Buccal mucosa, lips, soft pal-
ate, and the ventral side of the tongue, as well as the floor
of the oral cavity, are usually affected [30]. According to
the World Health Organization criteria for the assessment
of toxic effects of cytostatics on oral tissues, mucositis is
defined in the range from individual painless ulceration
to highly prominent erythema and edema of oral mucosa
with multiple, extremely painful ulcerations that require
the application of enteral or total parenteral nutrition [26,
31, 32]. Mucositis is more common in young people due to
increased mitotic activity of oral epithelial cells in younger
age. The intensity of mucositis depends on the type and
dose of cytostatics, the length of treatment, the individual
sensitivity of the patient, and the condition of the oral cav-
ity before initiation of the therapy [33, 34]. The onset of
mucositis is directly related to the degree of neutropenia
resulting from the effects of cytostatics on the bone mar-
row and their indirect stomatotoxic effect. Owing to their
myelosuppressive action, cytostatics lead to thrombocy-
topenia and granulocytopenia. Thrombocytopenia results
in the onset of petechiae in the oral mucosa and frequent
bleeding in the oral cavity, and granulocytopenia leads
to an increased risk of the occurrence of oral infections
[35]. Due to changes in the oral mucous membrane and
parenchyma of the salivary glands after the application of
therapy for hematologic malignancies, as well as stress,
in the period prior to the tissue and cell transplantation,
reduction in the secretion of stimulated saliva may be ob-
served. Poor oral hygiene and decreased salivary secretion
lead to a greater number of diseased teeth and the higher
prevalence of periodontal disease [10].
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Oral changes after hematopoietic stem cell
transplantation

The causes of early complications in the form of febrile
neutropenia and mucositis are the application of high-dose
chemotherapy or a combination of high-dose chemothera-
py and irradiation of the body in the conditioning regimen
prior to hematopoietic stem cell transplantation, as well as
bone marrow aplasia within the first 3-4 weeks following
transplantation [27, 36]. Pain and bleeding, xerostomia
due to transient dysfunction of the salivary glands, taste
disturbance and hypersensitivity of dentin may appear.
Saliva becomes viscous, resulting in reduced lubrication
of the oral mucosa. The accumulation of dental plaque is
increased, which influences the change in the qualitative
and quantitative composition of the oral microflora. Loss
of antibodies and other antibacterial proteins, changes in
the salivary glycoprotein concentration can compromise
the barrier function of oral mucous membranes and in-
crease the risk of developing infections. Poor oral hygiene,
untreated caries and caries complications, extensive peri-
odontal disease, and dental infections can be the cause of
streptococcal bacteremia in the period immediately follow-
ing the hematopoietic stem cell transplantation [28, 36, 37].

Allogeneic hematopoietic stem cell transplantation is
often accompanied by the onset of graft-versus-host dis-
ease. This disease is a multisystemic immune phenomenon
that occurs due to the immune response of donor immu-
nocompetent T-lymphocytes and recipient cells, and may
have an acute and chronic form. Oral lesions in acute form
are most commonly localized in buccal mucosa, mucous
membranes of lips, in the tongue, hard and soft palate, and
mouth floor in the form of painful, erythematous ulcer-
ations and desquamations. These oral changes may be the
initial manifestations of the acute form of the graft-versus-
host disease [6, 37, 38]. The chronic form of this disease
occurs after 100 days of transplantation of hematopoietic
stem cells. It is associated with painful diffuse erythema,
lichenoid changes, painful ulcerations, and desquamations
of irregular shape, the appearance of papules and muco-
cele on the oral mucous membrane. Oral mucous atrophy
with a feeling of burning and sticking and limited opening
of the mouth is also common [39]. Progressive atrophy
of the salivary glands leads to xerostomia, dysphagia and
dysgeusia, and opportunistic viral, bacterial, and fungal
infections can also occur. Numerous oral changes can be
followed by multiple systemic changes primarily on the
skin, eyes, gastrointestinal tract, and the liver. Oral mucosal
lesions are accompanied by erythematous changes in the
skin, atrophy of the salivary glands, atrophy of the lacrimal
glands, i.e., xerostomia, while limited mouth opening was
accompanied by sclerotic changes on the skin. Chronic
graft-versus-host disease is in approximately one half of
allogenic tissue and cell transplantation the leading cause
of non-relapse mortality [38, 40].

In addition to numerous systemic diseases, several years
after hematopoietic stem cell transplantation, a greater
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distribution of oral diseases is observed: gingival inflam-
mation due to the presence of dental plaque, gingival en-
largement in patients on immunosuppressive therapy and
as a consequence of vascular and fibrotic gingival changes,
increased incidence of caries and significantly higher colo-
nization of Streptococcus mutans and Lactobacilli in saliva
compared to healthy population. The occurrence of oral
squamous carcinoma is also a late complication of hema-
topoietic stem cell transplantation. The etiology of these
malignancies is not fully understood, but it is thought to be
found in long-term immunosuppressive therapy, the pres-
ence of oral lesions in chronic graft-versus-host disease, and
in the presence of oncogenic viruses [25]. In children sub-
jected to high doses of chemotherapy and radiation therapy
during treatment of malignant diseases, more frequent oc-
currence of developmental dental anomalies is observed
several years after the hematopoietic stem cell transplanta-
tion. Structural irregularities in the teeth, mineralization
disorders of hard dental tissues, irregularities in the length
and shape of the teeth roots, reduced tooth crown size, as
well as the lack of a smaller or greater number of teeth may
occur [35, 40].

CONCLUSION

Oral changes are widely distributed both in the period be-
fore and after transplantation of solid organs and hema-
topoietic stem cells, i.e., numerous systemic diseases are
accompanied by pronounced oral manifestations. These
changes with frequent local symptoms impair the quality
of life of patients, aggravate the underlying disease, as well
as the general condition of patients before transplantation
and can significantly disturb the course and outcome of the
transplant itself. It is therefore necessary to point out the
importance and distribution of oral diseases, as well as the
measures that have to be taken to reduce the risk of these
diseases. Good cooperation is needed between dentists and
doctors of other specialties, and adequate dental treatment
should be an integral part of the protocol for the treatment
of patients at each stage before and after transplantation.
The former contributes to the success of the transplant itself,
reduces the negative impact of oral diseases on the course
and outcome of the underlying disease, and significantly
improves the quality of life in the peritransplant period.
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OpanHe NnpoMeHe Kog nauujeHaTa npe U nocae TpaHcnAaHTauuje CONMAHNX OpraHa

U matnuHux henuja xematonoese

Onveepa Joeuunh, JeneHa MaHauh, 3opaH MaHauHuh, AnekcaHgpa Yonosuh
YHuBep3uTteT y beorpagy, CromatonoLku ¢pakyntet, KnuHuKa 3a aeyjy 1 npeBeHTUBHY cTomatonorujy, beorpap, Cpbuja

CAMETAK

YBoa/Uwm Linmb oBor paja je Aa ce yKaxke Ha pacnpocTparbe-
HOCT 11 TeXXIHY opasiH/X 06osbera Ko nauujeHaTta y nepuogy
npe v nocse TpaHCMIaHTaLuvje CONMAHNX OpraHa 1 MaTUYHNX
hennja xematornoese.

MeTtope MpeTpakeHa je nuTepaTypa ca 6azama nopaTtaka Ha
PubMed-y.

PesynTtaTtm Pa3Boj 1 yHanpehetbe TpaHCMIaHTaLMOHe Mefu-
LMHe y cneuujann3oBaHyM LieHTprMa JoBOAM Ao cBe Beher
6poja NauujeHaTa ca TPaHCMIAHTPAHUM CONMAHNM OPraHMa
1 MaTnyHUM hennjama xemaTtonoese, Kako OApPacnX Tako 1
feue. Koa nauujeHaTa Koju cy MOABPrHYTW NpoLefypu TpaHC-
niaHTaLyje ConMAHNX opraHa u MaTnyHux henuvja xemartomno-
e3e ce, Y nopef YCnewHOoCTH Tepanuje, Mory younuTu 6pojHe
NpOMeHe 1 KOMMIMKaLje Ha ApYrMm opraHuma 1y Gasmu npe
1 nocsie TpaHcnnaHTaumje. Cructemcka obosberba 1 CTakba Besa-
Ha 3a TpaHcnaHTauujy opraHa v henuja npaheHa cy 6pojHum
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opanHum MaHudecTaumjama. Hajuewhe opanHe npomeHe cy
yBehatbe rmHruBe, fleckBamalivja opasiHor enuTesna, Beoma
6onHe ynuepauvje, NOANMNOUAHE 1 rpaHyOMaToO3He Npome-
He Ha Opa’iHoj CNy30K0XK, 060/berba TBPAVX 3yOHVX TKIBA Ca
YecTM KOMMNVKaLmjama, pa3BojHe aHoManuje 3yba Kog aeue
mnaher y3pacta, a y KacHujoj ¢a3m v nojaBa opanHor KapLiHo-
Mma. [locne TpaHcnnaHTauuje, mpoMeHe y YCHOj Ayryby U ipYruM
opraHvMa ce jaBsbajy y 3aBUCHOCTN Of TPAHCMIaHTaLoHOr
nepuoaa y Kojem ce nauunjeHT Hanasmn v o NpuMerbeHe umy-
HOCynpecriBHe Tepanuje.

3aKsbyyak PacnpocTpatbeHe opanHe NpoMeHe npe 1 nocne
TpaHCnNaHTaLmje CoOnMAHNX opraHa u MatuyHKx henvja xema-
TOMoe3e yKa3yjy Ha 3Hauaj npaBoBpeMeHe 1 [obpe capagte
CTOMaToJsIora 1 flekapa Kojui Jieue 0CHOBHO oborbetbe.

KmbyuHe peun: TpaHcnnaHTaumja opraHa; TpaHCnaaHTaumja
MaTnuHux henuvja xematonoese; opasnHa 06o/bera
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