
Background
Salivary glands (SGs) have different physiological roles 
and are important oral cavity structures with critical roles 
in maintaining oral cavity homeostasis. The SGs protect 
the mouth’s soft tissues and teeth with antibacterial 
compounds, enzymes, and electrolytes. The lubrication 
of the oral cavity provided by saliva is necessary for food 
taste perception and speech (1,2). The average daily 
saliva secretion is 1–1.5 L, which plays a significant role 
in maintaining the functioning of the oral cavity and 
gastrointestinal tract (3).

SG problems, such as autoimmune diseases, physical 
traumas, cancer, and infections, affect the patient’s quality 
of life by affecting SG function (1).

Xerostomia is an irreversible disorder of the SGs. This 
subjective feeling of dryness exists in systemic disorders, 

including thyroid disease, liver disease, granulomatous 
diseases, uncontrolled diabetes, cystic fibrosis, transplant 
disease, acquired immunodeficiency syndrome, and 
Sjogren’s syndrome (SS). Genetic abnormalities, surgical 
injuries, aging, and radiotherapy of neck and head cancers 
can lead to xerostomia (4,5).

Several treatment options are available for SG 
dysfunction, such as artificial saliva substitutes, 
sialogogues, and systemic parasympathomimetics. 
However, these treatments are temporary and do not 
repair SGs functionally (6). Recently, stem cell-based 
therapies have been introduced and extensively studied 
to treat SG dysfunction and damage to the SGs caused 
by external radiation (7-10). The results have shown that 
using stem cells may be an effective treatment alternative 
for increasing the saliva flow rate, thereby improving dry 
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Abstract
Background: This comprehensive systematic review investigated the mil-to long-term efficacy 
and safety of stem cell therapy in the treatment of xerostomia. The present study aimed to 
systematically explore available literature on the current state of stem cell research in dentistry 
and its impacts on the treatment of xerostomia.
Methods: A comprehensive electronic search was conducted in the PubMed, Web of Science, 
and Scopus databases for human and animal studies published until July 2022. Two independent 
researchers reviewed the studies based on specific eligibility criteria. 
Results: Overall, 439 articles were selected after a comprehensive search. After removing 
unrelated items, 14 studies were selected for a systematic review. Finally, 14 studies were 
included in the current work, of which 6 were human clinical trial studies and 8 were animal 
studies. The articles were on radiation-induced salivary gland (SG) dysfunction, Sjogren syndrome 
(SS), SG dysfunction, ovariectomy (hypoestrogenic condition), and xerostomia. In all cases, the 
intervention impression was assessed by the salivary flow rate (SFR) measure, either before/
after research or compared to a placebo. The first outcome was to investigate the impact of the 
intervention on SFR. However, other related variant variables were also extracted, including 
research design, tissue origin of stem cells, disease model, and participants. In addition, the 
available cell tracking information was recorded to evaluate the outcome of the transplanted 
cells. Data meta-analysis was not applied regarding the heterogeneous nature and the small 
number of included articles encompassing human and murine studies.
Conclusion: Stem cell therapy can be suggested as an adjunctive clinical method to treat dry 
mouth caused by radiation-induced xerostomia in the neck and head area, SS, hypoestrogenic 
conditions, and SG dysfunction.
Keywords: Hyposalivation, Salivary hypofunction, Dry mouth, Xerostomia, Stem cell 
transplantation, Stem cell therapy
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mouth (11-14). Stem cells are undifferentiated cells that 
can regenerate themselves and, concurrently, distinguish 
into more specialized cells. They can be transformed into 
many different cell lines through differentiation. There 
are various stem cell types in terms of the type of cells they 
produce and their location (15).

After birth, different sources of stem cells are recognized 
in dental tissues, including tooth follicles (16), dental 
pulp (17), exfoliated deciduous teeth (18), periodontal 
ligament (19), and apical root papilla (20). Stem cells 
derived from exfoliated deciduous teeth are an interesting 
source compared to other human stem cells and are 
obtained by non-invasive approaches (18). Today, these 
cells are employed for treating such disorders as nervous 
system diseases (21), dentin and pulp regeneration (22), 
jaw regeneration (23), diabetes (24), corneal damage (25), 
immune system diseases (26), liver damage (27), kidney 
damage (28), and lung damage (29).

The present study sought to provide a systematic review 
of the current state of research on stem cells in dentistry 
and their impact on the treatment of xerostomia by using 
a systematic search in a valid international database.

Materials and Methods
Data Sources
The current research was conducted to determine the 
application of stem cells for the treatment of xerostomia.
To this end, the guidelines of the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses were 
followed. A systematic search was conducted on relevant 
documents published in major databases, including 
PubMed, Web of Science, and Scopus. The search was 
performed with maximum sensitivity using a combination 
of free text and subject headings, such as MESH, without 
any restriction in language or time until July 2022.

Search Strategy
The keyword combinations used for the search strategy 
were stem cell OR stem cell transplantation OR stem cell 
therapy, “AND” hyposalivation OR salivary hypofunction 
OR dry mouth OR xerostomia.

In addition, more resources were assessed by reviewing 
the reference list of selected articles for further studies. 
To ensure the proper selection of papers relevant to 
the inclusion criteria, two independent researchers 
(L.G. and P.R.) performed an electronic search on the 
mentioned websites and evaluated the articles. In cases of 
disagreement, decisions were made in consultation with 
other team members through negotiation.

Eligibility Criteria
The present study reviewed randomized controlled trials, 
non-random intervention studies, quasi-experimental 
studies, and animal studies. All the mentioned studies 
were reviewed without considering their publication 
date or language. Keywords and titles were also searched 
manually to ensure no research was missed.

The keywords used for the search strategy included 
hyposalivation, salivary hypofunction, dry mouth-
xerostomia, stem cells, stem cell transplantation, and stem 
cell therapy.

Data Extraction
First, the initial search results of the mentioned databases 
were entered into Endnote software. Retrieved studies 
were then listed, and their relevance to the exclusion and 
inclusion criteria of the study were separately examined by 
the two researchers. Disagreements between the authors 
were resolved through negotiations. Two extraction 
forms were electronically designed to extract the needed 
information from the entered studies. The first included 
study information such as the first author, publication 
year, country, research design and type, study population, 
stem cell donor, tissue origin of stem cells, disease model, 
and effect.

Results
Selection of Articles
In our initial systematic search of the mentioned databases, 
439 studies were obtained until July 2022 (Figure 1). 

Duplicate records were removed, and articles irrelevant 
to the subject of the present study were excluded by 
screening the abstracts and titles. Lastly, 14 studies were 
included in the current work, of which 6 were human 
clinical trial studies and 8 were animal studies. The 
articles were about radiation-induced xerostomia (RIX)-
related SG dysfunction, SS, SG dysfunction, ovariectomy 
(hypoestrogenic condition), and xerostomia. In all cases, 
the intervention impression was assessed using a salivary 
flow rate (SFR) measure, either before/after research or 
compared to a placebo.

The first outcome was to investigate the impact of 
the intervention on SFR. However, other related variant 
variables were also extracted, such as research design, 
tissue origin of stem cells, disease model, and participants.

The available cell tracking information was recorded to 
evaluate the outcome of the transplanted cells. Data meta-
analysis was not applied concerning the heterogeneous 
nature and the small number of included articles 
consisting of human and murine studies.

Human Studies
Two studies measured the  SFR in adult recipients 
of mesenchymal stem cells with radiation-induced 
xerostomia and SS. In one of the human studies, the 
subjects experienced mini-liposuction, from which 
adipose stem cells were ex vivo extended in a good 
manufacturing practice-approved clean room facility. 
All subjects underwent a core-needle sample of one of 
the submandibular glands and abdominal liposuction 
(about 60 mL of adipose tissue) (30). In another study, the 
Stem Cell Center of Jiangsu Province was used to prepare 
umbilical cord mesenchymal stem cells (UCMSCs). 
UCMSCs (1 × 106 per kg of body weight) were utilized for 
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treatment by intravenous infusion without premedication, 
such as antihistamines and steroids. The primary outcome 
of using adipose stem cells was an alteration in the whole 
unstimulated SFR. The secondary outcomes included 
efficacy, safety, changed quality of life, and quantitative 
and qualitative saliva assessments. The data were assessed 
at baseline (one month before treatment) and one and 
four months after the intervention. The studies that 
employed UCMSCs demonstrated that the unstimulated 
and stimulated SFR of the group with primary Sjogren 
syndrome (SS) increased significantly one month after 
mesenchymal stem cell therapy. This index continuously 
rose on later follow-up visits (31) (Table 1).

Human-Animal Studies
Four animal studies used human MSCs to treat ionizing 
radiation (IR)-injured SGs. The results revealed that the 
stem cell transplanted group increased saliva secretion 
compared with saline or phosphate-buffered saline (PBS)-
treated mice groups 8 and 12 weeks after IR. However, 
SFR in the control group (not IR) was higher than in other 
groups (32-34). Su et al investigated the cell transplantation 
of labial gland stem cell-derived exosomes (LGSCE) into 
mice injured by 13-Gy IR SGs. The results showed that 16 

weeks after IR, the SFR difference between saline-treated 
mice and LSCE was not statistically different (P > 0.05) 
(35). Dong et al used an irradiated-submandibular gland 
mouse model to study the therapeutic effects of human 
dental pulp stem cell-derived small extracellular vesicle 
(SEV) against cellular senescence. These authors assessed 
saliva production 18 days after irradiation. The SFR, or 
size, did not represent a remarkable improvement in the 
25 Gy þ sEV group compared to the 25 Gy þ PBS group 
(36), the results of which are provided in Table 2.

Animal Studies
Among the animal studies reviewed in this paper, 3 
were performed on the irradiation-induced salivary 
hypofunction mouse model. They administered a single 
dose of 15-18 Gy to the submandibular glands of the mice. 
In these studies, MSCs were transplanted to improve post-
irradiation SG injury. The results showed that SFR was 
significantly higher in stem cell-treated mice compared 
to the PBS-treated mice at 8/12 weeks post-IR; however, 
it was higher in the control group (not IR) than in other 
groups (10,37,38). The other 3 animal studies evaluated 
the effects of MSCs obtained from non-dental and 
dental sources of the mice donors on the hyposalivation 

Figure 1. Diagram of the Search Strategy
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derived by SS. These studies were conducted by injecting 
stem cells into the mice (i.e., the animal model of SS). 
The results revealed a considerable increase in the SFR 
of mice with stem cell transplantation compared with 
the PBS group. The SFR of the untreated mice (control) 
group declined rapidly (31,39,40). Abd El-Haleem et al 
investigated the impact of a hypoestrogenic condition 
induced by ovariectomy (OVX) on the parotid gland of 
albino rats. They also evaluated the potential therapeutic 
effect of MSCs. Bone marrow was removed from the 
tibiae and femurs of 10 six-week old male rats. The results 
demonstrated that the mean SFR was significantly lower 
in the OVX group than in the control group. Moreover, 
a significant elevation was noted in the OVX + BM-
MSCs group compared to the OVX group (41). Najafi 
et al examined the possible capacity of MSCs (separated 
from the submandibular SG of healthy rats) for restoring 
function and regenerating the necrotic SG in the rat animal 
model. Based on the obtained results, the mean secretions 
of mucin and serous in the treatment group indicated a 
significant increase compared with the positive control 
groups (SG atrophic/necrotic without treatment (42), the 
details of which are summarized in Table 3.

Discussion
This systematic review evaluated current scientific 
knowledge on the effect of stem cell therapy on treating 
dry mouth caused by RIX in the neck and head area, SS, 
hypoestrogenic conditions, and SG dysfunction.

All articles included in this review showed a significant 
elevation in SFR following stem cell therapy, except for 
the study by Dong et al. They reported no significant 
enhancement in the SFR in the 25 Gy þ sEV group 
compared to the 25 Gy þ PBS group 18 days post-
irradiation. In addition, Su et al found that the SFR 
difference between saline-treated mice and LSCE was not 
statistically different 16 weeks after the cell transplantation 
of LSCE into mice injured by 13-Gy IR (35,36).

The quality of life declines in cases with irreversible 
damage to SG function. Despite progress made in recent 
decades, no definitive cure has been found so far. In this 
respect, creating alternative therapies is needed to restore 
the function of damaged acinar cells (43,44).

Treatment with undifferentiated stem cells is a 
component of regenerative or alternative medicine. Stem 
cell therapy is believed to change the face of the disease, 
thereby relieving the pain (4,44).

MSCs are pluripotent stem cells that can differentiate 

Table 1. Characteristics of Human Studies

Effect
Cause of
Dry Mouth

Type of Cells
Study 
Participates

Donor Participants Study Design Country References

The primary outcome was 
alterations in the whole 
unstimulated salivary flow rate.

Radiation-
induced
xerostomia

Adipose-
derived MSCs

30 cases Human Human
Randomized 
controlled 
trial

Denmark (30)

Note. MSC, mesenchymal stem cell.

Table 2. Characteristics of Human-Animal Studies

Effect
Cause of 
Dry Mouth

Type of Cell Study Participates Donor Papulation Study Design Country References

The SFR or size was not remarkably 
improved in the 25 Gy þ sEV group 
than in the 25 Gy þ PBS group.

Irradiation 
with 25 G

Human dental 
pulp stem cell

Control group 
(only PBS, no IR)
25 Gy þ PBS 
25 Gy þ sEV 

Human
Female mice
(7 weeks 
old) 

Experimental Japan
Dong et al 
(36)

LSCE-treated mice showed a 50-60% 
greater SFR level than saline-treated 
mice at 8 and 12 weeks after IR 
(P < 0.05).
At 16 weeks after IR, the SFR 
difference between saline- and LSCE-
treated mice was decreased to 32% 
(P > 0.05, no statistical difference).

Irradiation 
with 13G

Labial stem 
cell extract

6 in the saline group 
(these mice took 13-Gy 
IR, being injected with 
saline)
6 in the LSCE group 
(IR-injured mice 
injected with the 
experimental treatment)

Human

C3H female 
mice 
(8 weeks 
old)

Experimental Canada
SU et al 
(35)

After 60 days, elevated secretion of 
saliva was observed in the hSGSC 
transplanted group compared with 
the PBS-treated group
(P < 0.05).

Irradiation 
25Gy

Mesenchymal 
stem cell

IR + PBS group
IR + hSGSC group
Control group

Human

Male Wistar 
rats 
(6 weeks 
old)

Experimental
South 
Korea

Jeong et al 
(32)

A significant increase was observed 
in the saliva flow rate in mice 
transplanted with 100,000 human 
salisphere cells after irradiation 
(P < 0.001). 

Irradiated 
with a 
single 
X-ray dose 
of 5 Gy

Salivary gland 
stem cell
(salisphere)

9 in the control group,
9 in the irradiated, non-
transplanted group,
18 in the 
irradiated + transplanted 
group

Human
NOD.Cg-
Prkdcscid 
Il2rgtm1Wjl/SzJ

Experimental Netherland
Pringle
et al (33)

hADSCs group demonstrated a 
1.51-fold greater output than the 
irradiation group (P < 0.05).

Gy 18 
irradiation

Adipose 
tissue-derived 
stem cell

30 in the group ,
30 in the 18 Gy 
irradiation group,
30 in the 18 
Gy + hADSC group 

Human

Prague-
Dawley 
male (SD) 
rat

Experimental China
Xiong et 
al (34)

PBS: Phosphate-buffered saline; sEV: small extracellular vesicle is correct; LSCE: Labial stem cell extract; IR: Irradiation; SFR: Salivaryflow rate; hSGSC: Human 
salivary gland stem cells.
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Table 3. Characteristics of Animal to Animal Studies

Effect
Cause of Dry 
Mouth

Type 
of Cell

Study Participates
Stem Cell 
Donor

Papulation Study Design Country References

8 weeks after IR, the salivary flow 
rate of animals showed a lower 
level in the PBS/DPEC/MAEC/
BMDC groups compared to the 
non-irradiated group. The SFR 
rate demonstrated a significant 
increase in mice treated with 
MAECs and DPECs than in 
PBS-treated mice (P = 0.0263, 
P = 0.0452).

Irradiation 
15 Gy

DPECs

7 in dental pulp 
endothelial cells
7 in the aortic vascular 
endothelial cell line
7 in bone marrow-
derived cells
7 in fetal bovine serum

Female 
and male 
C57BL/6J green 
fluorescent 
protein mice (6 
weeks old)

Male 
C57BL/6J 
mice
(6 weeks 
old)

Experimental Japan
Yamamura 
et al (37)

The mean salivary flow rate was 
significantly reduced (P < 0.05) 
in the OVX group in comparison 
to the control group, while it 
was elevated (P < 0.05) in the 
OVX + MSCs group in comparison 
to the OVX group.

Ovariectomy MSC

18 in the control group
18 in the OVX group
18 in the group treated 
with OVX + MSC 

Tibiae and 
femurs of 10 
male albino 
rats (6 weeks 
old)

Nulliparous 
female 
albino rats
(8–10 
weeks old)

Experimental Egypt
Abd El-
Haleem et 
al (41)

A constant reduction of SFR was 
noted in the control group, while 
MSCs-/MSCE-treated groups 
indicated a significantly higher 
SFR compared to the control 
group (P ≤ 0.01)

SS MSC

8 in the group treated 
with MSC
12 in the group treated 
with MSCE
11 in the control group

Male C57BL/6 
(8 weeks old)

Female 
NOD mice
(8 weeks 
old)

Experimental Canada
Abughanam 
et al (39)

The mice treated with BM-
cMSC presented a significant 
enhancement in the production 
of saliva in comparison with the 
mice treated with a PBS injection 
(P < 0.05).
A significant reduction was 
observed in SFR in PBS-injected 
mice in comparison with normal 
mice (P < 0.001).

Irradiation 
15 Gy

BM-
cMSC

8 in no radiation 
(normal)
8 in irradiated + PBS 
(control)
8 in the group treated 
with BM-cMSCs 
following irradiation

C57BL/6 mice
(8-9 weeks old)

C57BL/6 
mice

Experimental
South 
Korea

Lim et al 
(10)

Significantly higher SFRs were 
observed in the group treated with 
ADSC 8 weeks following radiation 
compared to the irradiated group 
(P < 0.05) up to approximately 
80% of the normal SFR.

Irradiation
18 Gy

ADSC

10 in the 
radiation + ADSC group
10 in the radiation + PBS 
group
10 in the no-radiation 
and no-cell transplant 
group

C57BL/6 mice

C57BL/6 
female mic
(8 weeks 
old)

Experimental China Li et al (38)

A significant elevation was 
noted in the SFR of 21-week-old 
mice with SHED transplantation 
in comparison to the PBS and 
untreated groups (P < 0.01).

SS SHED

SHED diluted in PBS 
(200 μL) was instilled 
into the tail veins of 7 
weeks old mice. PBS 
(200 μL) was injected as 
a control.

Female non-
obese diabetic 
mice

Mice Experimental China
Du et al 
(40)

In the prevention group, a 
sustained saliva flow rate was 
observed in mice receiving BM-
MSC infusion (P < .977).
The saliva flow rate of untreated 
NOD/LtJ mice declined rapidly 
(P < .008).
In addition, a significant 
improvement was found in the 
saliva flow rate in the treatment 
group following the infusion of 
BM-MSC (P < .045).

SS
BM-
MSC 

6 in the prevention 
group (early stage of SS)
6 in the treatment group 
(developed stage of SS)
6 in the untreated group

Male BALB/c 
mice

Female 
NOD/LtJ 
mice

Experimental China Xu et al (31)

A significant increase was 
observed in the mean secretions of 
mucin and serous in the treatment 
group in comparison with the 
positive control groups
(P < 0.001).

Necrotic 
submandibular 
SG

MSC

7 in the negative control 
group (healthy rats) 7 
in the positive control 
group (SG atrophic/
necrotic without 
treatment)
7 in the SG necrotic/
atrophy with MSC 
transplantation group

Submandibular 
SG of healthy 
rats

Sprague–
Dawley rats 
(200–220 
g)

Experimental Iran
Najafi et al 
(42)

Note. MSC: Mesenchymal stem cells; DPECs: Dental pulp endothelial cells; PBS: Phosphate-buffered saline; DPEC: Dental pulp endothelial cells; MAEC: Mouse 
aortic vascular endothelial cell; BMDC: Bone marrow-derived cells; SFR: Salivary flow rate; OVX: Ovariectomy; MSCE: Mesenchymal stem cell extract; BM-
cMSC: Marrow-derived clonal mesenchymal stem cells; ADSC: Adipose stem cell; SHED: Stem cells from exfoliated deciduous teeth; BM-cMSC: Bone marrow 
mesenchymal stem cell extract; SG: Salivary gland; SS, Sjogren syndrome.
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into various types of cells, including ductal and epithelial 
cells. As a result of their anti-inflammatory effects, the 
potential for repair of damaged tissues, and the low 
immunization of these cells, they are a great option for 
in vitro and in vivo empirical surveys and clinical disease 
treatment (4,43-45).

MSCs are found in miscellaneous tissue, including 
the umbilical cord blood placenta (46) and fat (47), and 
hADSCs are human adipose tissue-derived MSCs. These 
cells are available sources for stem cell therapy and have 
been used in numerous animal and clinical studies (48). 
Inflammation is suppressed by UCMSCs and bone 
marrow MSCs, and SG functioning is improved in cases 
with SS and in the rat model (31).

Researchers isolated mesenchymal-like and tissue-
specific stem cells from human SGs and transferred 
them into radiation-damaged rat SGs. Based on duct and 
acinar structure, they reported that these stem cells could 
improve decreased secretion, recover acinar structure, 
and reduce the number of apoptotic cells. They further 
indicated that oral stem cells could have a therapeutic 
impact on hyposalivation (32,33). 

After birth, different stem cell sources are recognized in 
dental tissues, including tooth follicles (16), periodontal 
ligaments (19), dental pulp (17), apical root papilla (20), 
and exfoliated deciduous teeth. Stem cells isolated from 
exfoliated deciduous teeth are the cells from human 
exfoliated teeth. Stem cells derived from exfoliated 
deciduous teeth provide an interesting source compared 
to other human stem cells gained using non-invasive 
approaches (18). 

Following the bone marrow stem cells (BMSCs) 
injection for treating NOD mice, the cells can migrate 
to the site of inflammation (the submandibular gland), 
the liver, spleen, lung, and kidney, as well as the tissues 
of NOD mice. Then, the number of BMSCs distributed 
in the lung, kidney, and spleen declined one week after 
infusion. However, large numbers of BMSCs remained in 
the SGs. Other studies have shown that BMSCs placed in 
the submandibular gland have immune-regulating roles 
and ultimately exert therapeutic impacts (31).

Despite studies conducted in this field, it is still unclear 
whether stem cells from human exfoliated deciduous teeth 
(SHED) can move to affected areas and perform their 
function. Du et al showed no migration of the injected 
SHED to the submandibular gland. This injection affected 
the spleen and liver from the first hour, lasting up to one 
week. The release of SHED into the liver influenced the 
blood supply, and SHED attracted the attention of the 
spleen, the largest immune organ. The results also revealed 
that SFR was significantly higher in 21-week-old SHED-
grafted mice than in the PBS and untreated groups. Du et al 
reported that SHED has a protective effect on SG secretory 
function. SHED reduces SS-induced hyposalivation due 
to reduced apoptosis, autophagy in the submandibular 
glands, decreased peripheral inflammatory cytokines, and 
a localized inflammatory microenvironment (4,31,41-48).

Some studies have used small available salivary tissue 
to provide sufficient MSCs for treatment because the 
methods utilized to extract stem cells from the human 
parotid and submandibular glands are invasive (32). 
In this respect, Su et al extracted and employed human 
minor SGs, which required less invasive surgery. They 
reported that the duration of LSCE treatment lasted up to 
9 weeks but did not last up to 16 weeks (35).

Similarly, Xu et al found that the allogeneic injection of 
MSC is a satisfactory therapy for SS and has considerable 
implications for a further survey of MSCs. These cells can 
be considered a therapeutic solution for cases with SS and 
patients with other autoimmune problems (31).

Another noteworthy point in applying the results 
of clinical studies of RIX mice is that radiotherapy 
treatments to treat neck and head cancer are fragmented 
and often take up to several weeks. Nevertheless, diets in 
mouse studies are single-dose. Furthermore, the duration 
from the end of radiotherapy to the beginning of MSC 
therapy can be crucial.

MSCs can lower the inflammatory response, thereby 
decreasing the immune-induced parenchyma destruction 
that occurs in the acute phase of radiotherapy (49). Given 
the overall rise in SFR following the treatment of MCS 
and the moderate degree of differentiation of MSCs into 
acinar cells noted in mouse surveys, using MSC therapy 
for RIX can be considered a “window of opportunity”.

To evaluate the efficacy of stem cells, Lane et al 
started treatment with mesenchymal cells 24 h following 
irradiation (50). Likewise, Lim et al started therapy 11 
days following irradiation. However, using this method 
in clinical settings was impossible due to various factors, 
including the length of the radiation therapy process in 
cases with neck and head cancer. Nevertheless, it was 
necessary to obtain a more appropriate model of MSCs 
for RIX, given that the expected lifespan of the mice used 
in this regard was about 2 years (10). Accordingly, Kojima 
et al started MSC therapy 10 weeks after SG irradiation 
and observed a 51% increase in SFR (51).

Some laboratory studies have demonstrated the 
potential risk of stimulating cancer growth when using 
MSCs to treat RIX. However, studies of MSCs in cases with 
previous cancer and in many clinical settings reported no 
increase in cancer incidence (52).

Various sources of relevant studies and databases were 
thoroughly searched in the present work. The selection 
of studies was not limited to controlled and randomized 
trials. Objective decisions were made for selecting or 
excluding studies. However, the present study’s findings 
should be interpreted with caution regarding animal 
surveys’ external and internal validity since it is not 
straightforward to interpret them in clinical surveys.

Conclusion
We did complete research from various databases and 
resources and did not limit the studies to randomized and 
centralized trials. The decision to choose or exclude the 
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studies was clearly objective; however, our findings should 
be interpreted with usual caution about the credibility of 
internal and external animal studies.
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