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Purpose: Like bone marrow and cord blood mesenchymal stem cells (MSCs), the regenerative potential of 

dental pulp stem cells (DPSCs) has been reported by several researchers. However, a lack of information 

on the knowledge and awareness of the Malaysians about DPSCs and their banking has been observed. 

Hence, this study aimed to assess the level of awareness and attitude among Malaysians about DPSCs 

and their banking. 

Methods: A cross-sectional study was carried out among 983 Malaysians using face-to-face interviews 

( n = 458) and electronic surveys ( n = 525) through social media. Significant differences between the two 

groups were analyzed using the student t -test. Analysis of variance (ANOVA) and Hochberg’s GT2 Post- 

hoc analysis were used to determine the differences among ≥2 groups. The level of significance was set 

at p < 0.05. 

Results: Knowledge of the participants on the DPSCs was fair (without scientific information) while 

knowledge on the regenerative potential of DPSCs was poor regardless of their race, gender and level of 

education. However, people with tertiary education have significantly ( p < 0.001) higher knowledge com- 

pared to people with secondary education. Similarly, medical doctors, dentists, nurses and life science re- 

searchers presented significantly ( p < 0.05) higher knowledge than the people from all other occupations. 

Although 91% of people were not aware of the presence of stem cell banks in Malaysia, 84% supported 

the establishment of DPSCs banking, 66% agreed to donate their children’s DPSCs, 73% agreed to donate 

own DPSCs, and 83% interested to know more about DPSCs and their regenerative potentials. 

Conclusion: Supporting of DPSCs banking and willingness of donating DPSCs by the vast majority of 

people indicate that taking an initiative by policymakers and establishment of DPSCs bank in Malaysia 

would be fruitful. This would enhance the advanced medical care systems through regenerative medical 

therapy in Malaysia. 

© 2021 Fellowship of Postgraduate Medicine. Published by Elsevier Ltd. All rights reserved. 
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Table 1 

Categorizing the level of knowledge 

of the participants. 

Score Level of knowledge 

0–8 No information 

9–16 Poor 

17–24 Fair 

25–32 Very good 

33–40 Excellent 
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pical papilla [2–5] ). Stem cells isolated from the pulp of perma- 

ent teeth is known as dental pulp stem cells (DPSCs), while stem 

ells isolated from deciduous teeth known as stem cells from hu- 

an exfoliated or extracted deciduous teeth (SHED). In this study, 

e have used the term DPSCs to denote both DPSCs and SHED. DP- 

Cs share the characteristics of MSCs. Hence, MSCs like properties 

f DPSCs are confirmed by evaluating their plastic adhering capa- 

ility, tri-lineage differentiation potential and expression of partic- 

lar cell surface markers [6] . For instance, DPSCs should express 

D44, CD73, CD90, CD105, CD271 and STRO-1, while they are ex- 

ected lack of expression of CD34, CD45, and HLA-DR [5 , 6] . Studies

ave also revealed the immunomodulatory properties of DPSCs and 

heir survival in the presence of immune components [1 , 7 , 8] . In

ecent years, the differentiation potential of DPSCs into cardiomy- 

cytes, pancreatic beta-cells, hepatocytes, neuronal cells and myo- 

enic lineages have been acknowledged by several researchers [9–

5] ). 

It usually needs 4–5 weeks from isolation to yield enough 

ells (30 0–50 0 million) for transplantation in cell-based regener- 

tive therapy and this time interval could affect the regenerative 

utcomes [16] . Banking of DPSCs could facilitate an instant sup- 

ly of both autologous and allogenic stem cells to be used in re- 

enerative therapy to treat non-communicable and degenerative 

iseases. 

Despite having the regenerative potential, there is inadequate 

nformation on the knowledge and awareness of the Malaysians 

bout DPSCs and their banking. The number of stem cell researches 

onducted in Malaysia were found rare as well. Moreover, studies 

n the awareness of the regenerative potential of MSCs from dif- 

erent sources among Malaysians are very scarce. The scenario is 

imilar for other nations in the world as well. As the DPSCs have 

 large donor pool and require a less invasive technique to isolate 

16] , in this research we aimed to assess the awareness and atti- 

ude of Malaysians on the DPSCs and their banking. 

aterials and methods 

tudy design, population and sample size 

A cross-sectional study was carried out among 983 Malaysians 

n all 13 states in Malaysia. A non-probability sampling method 

as adopted in this study. Face-to-face data was collected from 

58 students of MAHSA University, patients who were visiting 

AHSA University dental clinic, people of the adjacent area to the 

AHSA University, friends and family members and the neighbors. 

ence, almost all the face-to-face data were collected from the 

nhabitants of Selangor and Kuala Lumpur states only. Whereas, 

oogle form was shared with the students and employees of dif- 

erent public and private universities, and people of Facebook and 

hatsApp communities. Receivers of the form were also requested 

o share this form with others in their reach. We received 525 

lled-in google form through an electronic survey. For a 30 mil- 

ion population (as per Department of Statistics Malaysia official 

ortal) with a 95% confidence interval and 5% margin of error, the 

inimum number of estimated samples was 385. 

Participants who were aged below 15 years and who were in- 

ellectually disabled or mentally retarded were excluded from this 

urvey. 

ethods of data collection 

A questionnaire was developed, and data was collected from 

ctober 2019 to January 2020. The survey was conducted in two 

ays which are: i) face-to-face interview and ii) online platform 
2 
sing Google Forms. Participants were informed about the survey 

ith a participation information sheet. The questionnaire and par- 

icipation information sheet were available in both Bahasa Malayu 

Supplementary 1) and English (Supplementary 2) to accommodate 

ifferent races of participants. 

uestionnaire design 

This questionnaire-based survey included open-ended, 

ultiple-choice, multiple response and rating scales type ques- 

ions (Supplementary 1). This questionnaire was divided into five 

arts. The first part was on the socio-demographic details of the 

articipants that encompassed age, gender, the highest level of 

ducation, the field of occupation and monthly family income. 

uestions on age and monthly family income were open-ended 

ype, while others were multiple-choice type. The second part 

as on the family history of diseases that included a multiple 

esponse type question only. The third and fourth parts were on 

he knowledge about the DPSCs and the regenerative potential of 

PSCs, respectively. There were eight rating scale type questions 

n both sections. Participants were allowed to rate their knowl- 

dge from the lowest to the highest (1-4) based on their level 

f knowledge. The scores of each section were summed-up and 

nterpreted as shown in Table 1 . Lastly, in the fifth part, there were

ight individual multiple-choice type questions on the attitude of 

articipants towards DPSCs banking in Malaysia. 

ata analysis 

Data were analyzed using IBM SPSS statistics software (ver- 

ion 20). Significant differences between the two groups were ana- 

yzed using the student t -test. While significant differences among 

2 groups were analyzed using analysis of variance (ANOVA) and 

ochberg’s GT2 Post-hoc analysis. The level of significance was set 

t p < 0.05. 

thics statement 

As we did not collect any personal identification information, 

articipants’ written consent was not needed in this study. 

esults 

ge, gender and the awareness and knowledge of the regenerative 

otential of DPSC 

For this questionnaire-based study, data was collected from a 

otal of 983 participants, of which 458 responses were collected 

sing face-to-face interaction and 525 responses using Google 

orm. Among all the respondents, 299 (30.4%) were males and 684 

69.6%) were females. The average age of the participants was ap- 

roximately 27 years. Further analysis showed that age and gender 

ave no effects on the level of awareness and knowledge on the 

egenerative potential of DPSCs ( Fig. 1 ) . 
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Fig. 1. (A) Influences of age on the awareness and B) the knowledge of the regenerative potential of DPSCs. C) Influences of gender on the awareness and D) the knowledge 

on the regenerative potential of DPSCs. 
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ace and awareness about DPSCs 

From the race distribution, Chinese (64.8%) participants were 

he highest, followed by Malay (22%), Indian (7.9%) and the other 

aces (4.1%). Among the participants from different races, Indians 

ound to have the highest level of awareness about the presence 

f DPSCs and it was significantly higher ( p = 0.012) compared to 

he participants of the Chinese race. However, the mean level of 

nowledge of all the groups were fair (score: between 17 and 24). 

urthermore, no influence of race on the knowledge of the regen- 

rative potential of DPSCs was observed ( Fig. 2 ). 

ssociation between the level of education and awareness of DPSC 

Among all the respondents, 61.1% completed secondary edu- 

ation followed by 37.4% with tertiary education and 1.2% with 

rimary education. Further data analysis has shown that the ter- 

iary group of participants had the highest level of knowledge 

21.2 ± 6.2) on DPSCs while it was significantly ( p < 0.001) higher 

ompared to the participant having the secondary level of educa- 

ion (18.3 ± 6.5). However, no significant effect of the level of ed- 

cation on the knowledge of the regenerative potential of DPSCs 

as observed ( Fig. 3 ). 
3 
conomic status and the awareness and knowledge on the 

egenerative potential of DPSCs 

This study has also revealed that the family monthly income 

f the participants had no effects on the knowledge of DPSCs and 

heir regenerative potential ( Fig. 4 ). 

amily history of diseases and the awareness and knowledge of the 

egenerative potential of DPSCs 

Unlike economic status, familial history of diseases was found 

o have effects on the awareness about DPSCs and their regener- 

tive potential. More specifically, participants with a family his- 

ory of cardiovascular diseases (CVD), organ failure and thalassemia 

ere found to have a significantly higher level of awareness about 

he presence of DPSCs. While the family history of cancer and tha- 

assemia has influences on the knowledge of the regenerative po- 

ential of DPSCs ( Table 2 ). 

ccupation and the awareness and the regenerative potential of 

PSCs 

The occupation has shown a significant effect on the level of 

nowledge about DPSCs and the regenerative potential of DPSCs. 
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Fig. 2. (A) Race and awareness of DPSC B) Races and knowledge on the regeneration of DPSCs. 

Fig. 3. (A) Education and awareness of DPSCs B) Education and knowledge of regeneration of DPSCs. 
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articipants from the health-related field (Doctors, Dentists, Nurses 

r Researchers) have had significantly ( p < 0.05) higher knowledge 

n DPSCs and their regenerative potential compared to the partic- 

pants from other occupations ( Table 3 ). 

It is noteworthy to mention that most of the participants came 

o know about DPSCs from their family doctors or researchers 

 Table 4 ). 

articipants’ attitude towards banking of DPSCs 

Based on the analysis of participants’ attitude towards DPSCs 

anking, 91% of the people were found to be unaware of the pres- 

nce of private or public stem cells banks available in Malaysia re- 

ardless of their level of education, races and occupational fields. 

owever, 84% of the participants supported DPSCs banking. More- 

ver, 73% of the participants agreed to donate their own DPSCs and 

6% of the participants agreed to donate their children’s DPSCs for 

anking in Malaysia regardless of private or public nature of the 

tem cells banks. It is noteworthy to mention that 83% (816 out of 

83) of the participants showed to be interested to know further 

nformation about dental pulp stem cells banking in Malaysia. 
4 
iscussion 

Researches on the regenerative potential of stem cells have 

een conducted for the last few decades. However, researches on 

he regenerative potential of the DPSCs is still very new in the field 

f regenerative medicine. This has been reflected in the result of 

his study. From the responses received from the participants of 

his study, we found that the knowledge of the participants on the 

PSCs was fair while the knowledge on the regenerative potential 

f DPSCs was poor regardless of their race, gender and level of ed- 

cation. A similar result was observed in a study conducted on the 

nowledge of stem cells and its use in dentistry in Saudi Arabia 

mong dental graduates [17] . A study conducted among Nigerian 

entists also reported that 60.3% of respondents had poor knowl- 

dge on the use of stem cells in regenerative dentistry [18] . Hence, 

he lack of awareness about the regenerative potential of DPSCs 

mong Malaysians did not deviate from our expectations. 

Several scientific studies have proven the regenerative potential 

f DPSCs that makes them a promising tool for regenerative ther- 

py in the fields of both medicine and dentistry. However, most 

tudies are still in the experimental stages and long-term clinical 

tudies and procedures are yet to be performed to ensure its stan- 
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Fig. 4. Association of the family monthly income and the knowledge of DPSCs and their regenerative potential. 

Table 2 

Relationship of family history of diseases with the knowledge of DPSCs and their regenerative potential. 

Disease History N Knowledge of DPSC Knowledge of regeneration 

Mean ± SD Sig. Mean ± SD Sig. 

Diabetes No 614 19.10 ± 6.45 0.088 10.48 ± 5.44 0.087 

Yes 362 19.84 ± 6.64 9.87 ± 5.21 

Cancer No 799 19.53 ± 6.45 0.215 10.48 ± 5.41 0.005 

Yes 181 18.86 ± 6.82 9.24 ± 4.97 

CVD No 625 18.89 ± 6.50 0003 10.33 ± 5.47 0.527 

Yes 355 20.19 ± 6.41 10.10 ± 5.12 

Organ Failure No 928 19.25 ± 6.55 0.008 10.26 ± 5.38 0.952 

Yes 53 21.68 ± 5.51 10.30 ± 4.85 

Neuro degeneration No 908 19.29 ± 6.46 0.125 10.24 ± 5.37 0.856 

Yes 72 20.51 ± 7.23 10.36 ± 5.23 

Osteoporosis/ Arthritis No 924 19.31 ± 6.49 0.256 10.29 ± 5.32 0.272 

Yes 57 20.32 ± 6.94 9.49 ± 5.76 

Thalassemia No 889 19.38 ± 6.52 0.028 10.24 ± 5.39 0.022 

Yes 92 19.35 ± 6.54 10.22 ± 4.90 

Table 3 

Relationship between occupation and the knowledge on DPSCs and their regenerative potential. 

(I) Occupation (J) Occupation Mean Difference (I-J) Std. Error Sig. 

Doctor/ Dentist/ Nurse/ Res Agri/ Forest/ Fish/Business 5.687 ∗ .981 .000 

Acc/Fin/Sales/Mark/Adm/HR 6.405 ∗ .564 .000 

Teacher/Lecturer 3.514 ∗ 1.054 .025 

Engi/IT/Comp 5.008 ∗ .761 .000 

Art/Media/Commu 8.520 ∗ 1.233 .000 

Manuf/Build/Constr 6.518 ∗ 1.310 .000 

others 3.031 ∗ .503 .000 

5 
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Table 4 

Source of information on DPSCs. 

Frequency Per cent Valid Percent Cumulative Percent 

Internet 196 19.9 19.9 19.9 

Newspaper 21 2.1 2.1 22.1 

FnF 118 12.0 12.0 34.1 

Doctors/researcher 553 56.3 56.3 90.3 

Articles in journals 63 6.4 6.4 96.7 

First time 29 3.0 3.0 99.7 

By profession 3 .3 .3 100.0 

Total 983 100.0 100.0 
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ardization and validation [19] . Therefore, DPSCs are not commer- 

ially available in the market, which could be the possible reason 

ehind public unawareness regarding its existence and regenera- 

ive potential. In contrast, a study on the knowledge, awareness 

nd perception of stem cells research amongst Malaysian medical 

tudents showed that umbilical cord stem cells had the greatest 

wareness (81.5%) if compared to other types of stem cells [20] . 

his indicates that peoples’ awareness about the presence and re- 

enerative potential of umbilical cord stem cell could be because 

f their commercialized banking industries over the last decade. 

Although the overall awareness of the existence of DPSCs and 

ts regenerative potential is fair and poor among Malaysians, ter- 

iary education has shown the highest level of awareness com- 

ared to others. This means that people with a tertiary level of ed- 

cation are more aware of the presence of dental pulp stem cells. 

t could be due to the inclusion of this topic in their syllabus or 

hey could have access to this knowledge through their studies or 

y profession. However, no significant differences between educa- 

ion level and the knowledge on the regenerative potential of DP- 

Cs were observed. 

Like other factors, family income has also shown no effect on 

oth the knowledge of DPSCs and its regenerative potential. How- 

ver, people who work in the health-related field i.e. doctors, 

entists, nurses and life-science related researchers have signifi- 

antly higher knowledge on DPSCs and its regenerative potential 

ompared to others who work in other fields. This reflects that 

hose who come from a health-related background are more likely 

o be exposed to the new and latest clinical advancement that 

ould help to improve health. The result of this study is aligned 

ith a study conducted among dental professionals in India which 

howed that almost 95.2% of participants were aware of the DPSCs 

21] . 

Besides accessing the public awareness on DPSCs, this survey 

lso helped to access their attitude towards DPSCs banking. By an- 

lyzing data, 91% of the respondents were found unaware of the 

resence of either public or private stem cell banks in Malaysia. 

his result reflects that stem cell therapy is still not a common 

ractice in Malaysia. Similar findings were recorded in a study con- 

ucted among recent dental graduates in Saudi Arabia in which 

ore than two-thirds of respondents were reportedly unaware of 

he availability of stem cell banks [17] . Likewise, more than 50% 

f participants were reportedly unaware of the presence of dental 

tem cell banks in India [22] . 

It is interesting that despite being unaware 84% of respondents 

upported banking regardless of nature (private or public). More- 

ver, 73% agreed to donate their own DPSCs and 66% of them 

greed to donate their children’s DPSCs. In addition, 83% showed 

nterested to know more about DPSCs and their regenerative po- 

entials. Similarly, a study conducted among dentists in South 

frica also showed that the majority (73%) has a positive inter- 

st to attend additional training courses and lecture programs on 

tem cells [23] . A study conducted in University Sains Malaysia, 

alaysia also showed that the majority of nursing students (76.1%) 
6 
ad a positive attitude towards the therapeutic potential of stem 

ell [24] . This suggests that DPSCs banking and its clinical applica- 

ion could be a leading modality to treat degenerative, acute and 

hronic noncommunicable diseases in the near future. Meanwhile, 

here could be a dramatic increase in the demand for stem cell- 

ased therapy in Malaysia. It is noteworthy to mention that like 

anking of other MSCs, banking of DPSCs following minimal pro- 

essing of the pulp tissues samples could provide advantages for 

ot to isolate and use DPSCs immediately, hence could help to 

inimize the risk of contamination [25] . 

The success of biobanking depends directly on the availability 

nd willingness of the donors to donate their tissues or organs (i.e., 

PSCs). At the same time, public decision-making is influenced by 

any factors including returning research results, privacy, freedom 

f choice, uncertainties about research, monetary and health con- 

iderations, and personal belief [26] . Therefore, public awareness 

egarding DPSCs banking and its regenerative potential in stem cell 

herapy should be highly promoted. As studies have shown that 

PSCs exert their therapeutic effect to cure diseases, such as type 

 diabetes, neurological diseases, immunodeficiency diseases and 

iseases of bone and cartilages [27] . The various measure should 

e drawn out at the national level to help Malaysian to be more 

ware of DPSCs and its benefits. The campaigns that could involve 

oth government organizations (GOs) and non-government orga- 

izations (NGOs) should be carried out nationwide. Examples of 

ampaign activities can be documentaries or programs that intro- 

uce DPSCs and can be shown across various platforms such as 

V, radio, social media, and the internet. Other examples include 

vents, posters, advertisements, news and articles that involve in- 

ovative ways of sharing information with the community can in- 

rease the success of raising public awareness. 

Besides that, our survey also reveals that most of the respon- 

ents obtain information about stem cells through their family 

octors or researchers. Based on this, we can see that family doc- 

ors or dentists play a major role in promoting DPSCs and their 

enefits when their patients visit them. Thus, a good rapport be- 

ween doctors or dentists with their patients is very crucial so that 

heir patients trust in them. In addition, researchers can also con- 

inue to study DPSCs to a greater extent and publish their work 

o that more people could be aware of DPSCs and the great ben- 

fits that it can bring to humans. On the other hand, a survey 

one among dentists in India showed that the internet and jour- 

als were the main sources for obtaining information about DPSCs 

22] . This could be due to the surging popularity of stem cells that 

ncreased the related scientific publication available online. 

The therapeutic effects are not just applicable in the medical 

ut also in the dental field. Studies have shown that pulp regen- 

ration is possible using DPSCs. In one clinical trial, patients with 

ulp necrosis after a dental trauma showed regeneration of three- 

imensional pulp tissue equipped with blood vessels and sensory 

erves following the implantation of DPSCs. On top of that, no ad- 

erse events were observed [28] . These outcomes provide evidence 

uggesting that it might be feasible to revascularize pulp and re- 
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tore vitality in the necrotic tooth. Even though further studies are 

till needed to understand the mechanisms better, it is a promising 

reatment option that can be applied in the clinic in the coming 

ays. The proven regenerative potential also suggesting that it can 

e an option given to the patient in addition to the conventional 

ethod of treating teeth. Therefore, dentists play a key role here 

n educating patients about the latest clinical advancement and 

iving them treatment options. In addition, considering to men- 

ion isolating DPSCs is a non-invasive procedure for patients where 

t can be obtained from exfoliated deciduous teeth, and extracted 

eeth from impacted third molar, orthodontic purposes or super- 

umerary teeth in the cases the teeth have no function anymore. 

herefore it might as well put into good use by extracting the DP- 

Cs and add value to the unwanted teeth [29] . Hence, it is cru-

ial for dentist to explain the regenerative potential of DPSCs and 

ncourage them to bank their DPSCs. This corresponds to a sur- 

ey conducted among dentists in South Africa showed that almost 

ll (95%) agreed to recommend regenerative therapies to their pa- 

ients while the majority (80%) of them agreed to save teeth in 

ell banks for future therapeutic purposes [23] . Similarly, a study 

hat was done among dental professionals in India also shows that 

ore than half (66.7%) agreed to recommend or advise their pa- 

ients to store or preserve the DPSCs [21] . However, this observa- 

ion is contradicted in a study conducted among Nigerian dental 

tudents showing that less than one-third of the participants had 

 positive attitude towards stem cell application in dentistry [30] . 

There are limitations in this study. Firstly, the data collected did 

ot reflect the ideal population ratio of Malaysia where the ma- 

ority are Malays which are inconsistent with our data collected 

here our respondents are mostly Chinese. Besides that, the gen- 

er proportion was unequal as well (69.9% were females which 

verrides the 30.4% of males). These are the considerations that 

ould have to opt for a better understanding of the studies in the 

uture. 

onclusion 

This survey has made a ground to have a better understanding 

f the awareness level and attitude towards DPSCs banking among 

alaysians. Most of the respondents supported DPSCs banking de- 

pite their awareness level on DPSCs is far from average, indicating 

hat their attitude on DPSCs is encouraging. Therefore, various ini- 

iatives should be carried out to improve their awareness and at- 

itudes towards DPSCs as DPSCs undoubtedly has promising thera- 

eutic effects in clinical applications because of their regenerative 

otential and easy isolation with the non-invasion procedure with- 

ut any controversial ethical concerns. 
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