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และความสามารถในการแบ่งตัวของเซลล์เอ็นยึดปริทันต์
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บทคัดย่อ  การศกึษาวจิยัน้ีมวีตัถปุระสงคเ์พือ่เปรยีบเทยีบการคงสภาพความมีชีวติและความสามารถในการแบง่ตัวของ

เซลล์เนื้อเยื่อปริทันต์ภายหลังการเก็บรักษาในนมและไข่ขาวในห้องปฏิบัติการ ทำาการศึกษาในฟันกรามแท้ท่ีได้รับการ

ถอนโดยแบ่งออกเป็น 3 กลุ่ม สำาหรับสารคงสภาพ 3 ชนิด ได้แก่ นม ไข่ขาว และดีเอ็มอีเอ็ม (กลุ่มควบคุม) ทำาการแช่

ฟันในสารคงสภาพเป็นเวลา 3 ชั่วโมง และเก็บแยกเนื้อเยื่อปริทันต์ไปเพาะเลี้ยงเซลล์ต่อ ผลการศึกษาพบว่าไม่มีความ

แตกต่างกันอย่างมีนัยสำาคัญในความมีชีวิตของเซลล์เนื้อเยื่อปริทันต์ระหว่างนมและไข่ขาว แต่กลุ่มที่แช่ในไข่ขาวมี 

ร้อยละของความสามารถในการแบ่งตัวของเซลล์ที่ตำ่ากว่ากลุ่มนมและดีเอ็มอีเอ็มอย่างมีนัยสำาคัญ สามารถสรุปได้ว่าทั้ง

นมและไข่ขาวสามารถคงสภาพความมีชีวิตของเซลล์เนื้อเยื่อปริทันต์ได้ โดยนมช่วยให้เซลล์มีความสามารถในการแบ่ง

ตัวได้สูงกว่าไข่ขาว อย่างไรก็ตาม ไข่ขาวสามารถนำามาใช้เป็นสารคงสภาพทางเลือกในการคงสภาพความมีชีวิตของ 

ฟันที่หลุดออกจากเบ้าฟันได้

คำ�สำ�คัญ: ฟันหลุดออกจากเบ้าฟัน เซลล์เนื้อเยื่อปริทันต์ สารคงสภาพ

ว.  ศัลย์ช่องป�ก-แม็กซิลโลเฟเชียล ปีที่ 35 หน้� 141-150, พ.ศ.2564
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Introduction 

Most traumatic dental injuries occur during  

childhood and adolescence, especially in individuals  

under 19 years old, accounting for 71-92% of such  

injuries.(1) Tooth avulsion is a common dental injury. A 

complete avulsion is defined as a complete displace-

ment of a tooth from its socket.(2) After an avulsion,  

some of the surrounding periodontal ligament cells 

(PDLCs) are damaged. The remaining ones are the  

key for tissue reattachment and regeneration in peri-

odontium healing after replantation.(3,4)  

An avulsed tooth should be immediately re- 

planted in the alveolus by a dentist. PDLC survival rate 

from teeth stored dry was significantly lower compared 

with teeth stored in saline or saliva. Moreover, dry  

storage more than 15 minutes could increase unfa-

vorable replacement resorption and PDLC necrosis.(3,5) 

Furthermore, severe inflammatory resorption after 

replantation occurs after excessive dry time storage.(6,7) 

Maintaining PDLC viability is the key goal of avulsion 

management. The amount of extraoral dry time and  

the storage media are the 2 crucial factors in main- 

taining PDLC viability and achieving successful replan-

Abstract  The aim of this in vitro study was to compare periodontal tissue cell viability and pro- 
liferative activity after preservation of the avulsed tooth in milk and egg. Extracted human  
permanent molar teeth were divided into 3 groups of preservative media including milk, egg  
white and Dulbecco’s Modified Eagle’s Medium (DMEM) as control. The teeth were stored for 3  
hours in the media and the periodontal ligament (PDL) tissues were then isolated for cell 
culture. The results showed no significant difference in periodontal ligament cell (PDLC)  
viability between milk and egg white groups. In term of proliferative activity, egg white group  
showed significantly lower percentage of proliferation compared with milk and DMEM. In  
conclusion, both milk and egg white could maintain PDLC viability. Milk storage resulted in  
higher cell proliferation than storing in egg white. However, egg white can be used as an alternative  
choice for preservative media for an avulsed tooth.

Keywords: dental avulsion, periodontal ligament cell, storage media

tation.(6,8-11) 

The storage media that can preserve PDLC via-

bility should provide the cell ability to maintain their 

viability and increase their capacity to proliferate. 

Moreover, the storage media should have appropriate 

physical properties such as pH and osmolarity, as well  

as another important factor, its availability.(12-14) The 

commonly suggested preservative media is Hank’s  

balanced salt solution (HBSS). The American Associa-

tion of Endodontists recommends HBSS as a storage  

medium to preserve PDLCs.(12,15) Also, many traumatic  

dental injury guidelines suggest HBSS as the ideal  

storage media for avulsed teeth. However, HBSS is 

not readily available. In contrast, milk, which is readily 

available, is recommended as the physiologic media  

of choice for transporting exarticulated teeth.(16,17)  

PDLC viability has been investigated in different storage 

media, including propolis, aloe vera, coconut juice,  

and egg white. A study examining the efficacy of egg 

white in maintaining human PDLCs viability from ex- 

tracted teeth compared with milk, HBSS, and tap water 

over time using trypan blue staining found that egg  

white was a suitable storage medium as good as HBSS 
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following preservative media groups: 1) ultra-high 

temperature processed (UHT) milk; (commercial 100% 

whole bovine milk, above 133°C processed Foremost®, 

FrieslandCompina) stored under room temperature; 

2) egg white (from whole chicken egg, Betagro Public 

Company Limited); and 3) Dulbecco’s Modified Eagle’s 

Medium (DMEM; Gibco®, Life Technologies TM), as the 

positive control. 

Preservative media preparation 

The egg white media was prepared by cracking  

the egg shell and separating the egg white from the  

yolk. It was collected in a sterile bowl, and 20-30 ml 

of egg white was transferred to a 45-ml sterile tube.(21) 

For the milk media, 1 box of 180 ml UHT milk was used 

for 1 extracted tooth. Thirty ml of milk was poured into  

a 45-ml sterile tube. Similarly, 30 ml of DMEM was  

prepared in a biosafety hood in 45-ml sterile tubes. 

Cell isolation/culture 

The extracted teeth were immersed in their  

respective group’s preservatives for 3 hours at room 

temperature.(22) Subsequently, the teeth were washed 

with phosphate-buffered saline for 3 times. In the 

biosafety hood, the periodontal ligament tissue was 

removed from the middle-third of the root surface  

using a No. 20 scalpel. The periodontal tissues were 

placed in a culture plate containing DMEM supple- 

mented with 10% fetal bovine serum/1% L-glutamine/ 

1% antimycotic/antibiotic solution. The culture-plates 

were defined as passage 0 and incubated at 37°C in a 

5% CO2 atmosphere.(24)

Cell viability and proliferation evaluation 

The PDLC behavior was observed during the pri-

mary cell culture using an inverted microscope (Nikon 

Eclipse Ts2, Nikon Cooperation) with 40× magnification. 

and was significantly better than milk.(18) 

Egg white is a promising storage media. It is high  

in protein, vitamins, water, and has low microbial 

contamination.(13,14,19,20) The availability of egg white 

from convenience stores makes it a good alternative  

storage media. Several studies(18,21-23) have investigated 

the efficacy of egg white compared with other media, 

showing discordant results. Thus, the aim of the study 

was to compare the in vitro PDLC viability and prolif-

eration after avulsed teeth preservation in egg white 

and milk. 

Materials and methods 

Tooth acquisition 

Ninety human’s third molar teeth extracted for 

clinical reasons were obtained with informed consent. 

The study protocol was approved by the Human Re-

search Ethics Committee of the Faculty of Dentistry, 

Chulalongkorn University, Bangkok, Thailand (HREC-DCU 

2018-095). This was the in vitro experimental study 

performed in a 6-month period from October 2018 to 

March 2019. Teeth were simply extracted for ortho- 

dontic purposes from 90 healthy patients (45 males 

and 45 females) aged between 22 and 38 years old. 

All teeth had no dental caries, no sign of infection, no 

associated pathologic lesion, and no developmental 

defect. They also had intact crowns and closed root 

apices. The teeth from patients who smoked were  

excluded because the quality and quantity of PDLC  

were lower than those from healthy patients. After  

the tooth removal, each tooth was immediately  

transferred to a sterile tube using the tooth extraction 

forceps grasping only the coronal part of the crown to 

prevent damages to the PDLCs.

The teeth were randomly divided into 3 pre- 

servative media groups with 30 teeth in each of the 
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The data were recorded in 2 phases (Fig. 1 and 2).  

In phase 1, the PDLC outgrowth from the explanted 

tissue at passage 0 was defined under two definitions;  

the PDLC outgrowth from the explanted tissue for 

at least 500 μm and PDLC outgrowth from at least 2 

quadrants from the overall 4 quadrants. If PDLC out-

growth from the tissue within 7 days, it was defined  

as acceptable cell viability. In phase 2, the PDLC prolif-

eration at passage 0 was investigated. The PDLCs with 

acceptable cell viability were evaluated after 21 days 

and those achieving 80% confluence were defined as 

high proliferation (Fig. 2). The percentage of acceptable 

PDLC viability and high proliferation were calculated  

and compared between milk, egg white, and positive 

control groups and comparisons were also made  

between each pair of groups (Table 1 and 2). 

Statistical analysis

We calculated the sample size using a formula 

for testing two independent proportions. With the  

proportions of 0.25 and 0.75, a 1 : 1 ratio, a type I error 

rate of 5%, and 80% power, a sample of 15 per group 

was required. With 3 groups of 3 different media, the 

total of 90 teeth were included.

All statistical analyses were performed using  

the Statistical Package for the Social Science (SPSS) 

Statistics software version 22 (IBM, New York, USA).  

The Kruskal-Wallis test was used to evaluate the  

รูปที่ 1 แผนภาพแสดงกระบวนการวิจัยตั้งแต่การเก็บรักษาฟันในสารคงสภาพ 3 ชนิด ได้แก่ นม ไข่ขาว และดีเอ็มอีเอ็ม การคัดแยกและการเพาะ

เลี้ยงเซลล์ การประเมินความมีชีวิตของเซลล์และความสามารถในการแบ่งตัวของเซลล์

Fig. 1 Diagram showed the process of tooth storage in 3 different media; milk, egg white, and DMEM, cell isolation/culture, 

and cell viability and proliferation evaluations.

Extracted human molar teeth 

Milk Egg white

Primary cell culture

Cell outgrowth
phase 1

80% confluence
phase 2

Acceptable
cell viability

Low
proliferative

activity

High
proliferative

activity

Explant periodontal tissue

Within 21 days

Over 7 days
Discarded

within 7 days

Over 21 days

500 μm

DMEM

Dry time for 15 minutes
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differences in PDLC viability and proliferation between 

the three groups. The significance level was set at 

p < 0.05. The post hoc Mann-Whitney U test was used 

to analyze the difference between each pair of me-

dia; milk-egg white, milk-DMEM, and egg white-DMEM.  

The p-value was corrected by Bonferroni correction, 

dividing 0.05 by 3. The final significance level was set 

at p < 0.0167. 

Results 

The percentage of cell viability in different media 

was evaluated and the results were shown in Table 1. 

The milk group demonstrated a higher percentage of 

PDLC viability (90.0%) compared with the egg white 

group (66.7%), while the DMEM group (positive control) 

had 100% cell viability. The Kruskal-Wallis test in- 

dicated that these percentages were significantly  

different. The post hoc Mann-Whitney U test revealed 

that the percentage of cell viability in the milk and  

the DMEM groups (p = 0.078) and between the milk  

and the egg white groups were not significantly different 

(p = 0.030). However, there was a significant difference 

between the percentage of cell viability between the 

egg white and the DMEM groups (p = 0.001) (Table 1). 

รูปที่ 2 ลักษณะเซลล์เอ็นยึดปริทันต์ดูภายใต้กล้องจุลทรรศน์ชนิดหัวกลับที่กำาลังขยาย 40 เท่า 

 A: ชิ้นส่วนของเนื้อเยื่อปริทันต์จากบริเวณส่วนกลางของรากฟันในจานเพาะเล้ียงเชื้อดีเอ็มอีเอ็ม, B: เซลล์เอ็นยึดปริทันต์เจริญออกมาจาก 

ช้ินส่วนเน้ือเยื่อปริทันต์เป็นระยะทางอย่างน้อย 500 ไมครอน (เส้นสีดำา), C: เซลล์มีการเจริญเติบโตครอบคลุมพื้นท่ีร้อยละ 80 และ  

D: ลักษณะรูปร่างของเซลล์เอ็นยึดปริทันต์ 

 E = ชิ้นส่วนเนื้อเยื่อปริทันต์, PDLC = เซลล์เอ็นยึดปริทันต์

Fig. 2 Periodontal ligament cells behavior was observed under inverted microscope with 40× magnification. 

 A: explant periodontal tissue scraped from middle third region of the root placed on the culture plate containing  

DMEM, B: periodontal ligament cells outgrowth from explant tissue for at least 500 μm (indicated by black line),  

C: 80% confluence of periodontal ligament cells was achieved and D: PDLC morphology.

 E = explant periodontal tissue, PDLC = periodontal ligament cell.

15
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8 
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A

C

B
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Discussion 

The present study evaluated alternative pre- 

servative media to maintain PDLCs after an avulsion 

injury. A 15-minute extraoral dry time and suitable  

preservative media are critical to promote PDLC-induced 

healing.(4) Previous studies found that although milk 

and egg white demonstrated similar effects on PDLC 

viability, milk was superior regarding PDLC proliferation. 

We evaluated cell viability based on cell outgrowth 

from the periodontal tissue explants within 7 days. After 

explanting periodontal tissue isolated from extracted 

teeth, PDLC outgrowth occured in 2-7 days and 80% 

confluence was achieved within 2 weeks after explanting. 

These cells could be subcultured and 80% confluence  

was achieved within 3 weeks after explanting. Thus, 

we used these parameters as acceptable levels of cell  

The PDLC proliferation of the samples in each group  

that demonstrated cell outgrowth within 7 days was 

defined as either high; achieving 80% confluence  

within 21 days, or low; requiring more than 21 days 

to achieve 80% confluence. We found significant dif- 

ferences between the 3 media groups. The PDLC per- 

centage demonstrating high proliferation in the egg 

white group was lower compared with the milk and the  

DMEM groups (10.0%, 44.4%, and 70.0%, respectively). 

The post hoc Mann-Whitney U test revealed no sign- 

ificant difference between the percentage of PDLCs  

confluence demonstrating high proliferation in the  

milk and the DMEM groups (p = 0.053), while there 

were significant differences between the milk and 

the egg white groups (p = 0.012) and between the egg  

white and the DMEM groups (p = 0.001) (Table 2). 

ตารางที่ 1 แสดงร้อยละของคว�มมีชีวิตของเซลล์เอ็นยึดปริทันต์หลังจ�กเก็บรักษ�ในส�รคงสภ�พที่แตกต่�งกัน 3 ชนิด เป็นระยะเวล� 3 ชั่วโมง

Table 1 Percentage of periodontal ligament cell viability in 3 different preservative media after 3-hour storage.

Type of 
preservative media

Cell viability

Outgrowth ≤ 7 days Outgrowth > 7 days
Comparison p-value

n n % n %

Milk 30 27 90.0 3 10.0  Milk vs egg white p = 0.030

Egg white 30 20 66.7 10 33.3  Milk vs DMEM p = 0.078

DMEM (control) 30 30 100 0 0  Egg white vs DMEM p = 0.001*

*Significant difference between group determined by Kruskal-Wallis test and post hoc Mann-Whitney U test (p < 0.0167)

ตารางที่ 2 แสดงร้อยละของคว�มส�ม�รถในก�รแบ่งตัวของเซลล์เอ็นยึดปริทันต์หลังจ�กเก็บรักษ�ในส�รคงสภ�พที่แตกต่�งกัน 3 ชนิด เป็นระยะเวล� 3 

ชั่วโมง

Table 2 Percentage of the proliferative activity of periodontal tissue cell in 3-hour storage in 3 different preservative media.

Type of 
preservative media

Proliferative activity

Confluence ≤ 7 days Confluence > 7 days
Comparison p-value

n n % n %

Milk 27 12 44.4 15 55.6  Milk vs egg white p = 0.012*

Egg white 20 2 10.0 18 90.0  Milk vs DMEM p = 0.053

DMEM (control) 30 21 70.0 9 30.0  Egg white vs DMEM p = 0.001*

*Significant difference between group determined by Kruskal-Wallis test and post hoc Mann-Whitney U test (p < 0.0167)
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viability and proliferation. The DMEM group demon-

strated the highest percentage of PDLC viability. The 

cells from the periodontal tissue isolated from teeth 

preserved in DMEM demonstrated 100% cell viability 

because PDLCs grew out from the explants within the 

defined duration of 7 days, consistent with previous 

studies.(7,25,26) DMEM has a high content of vitamins,  

amino acids, glucose, and minerals. Moreover, it contains 

growth factors that induce mitogenic and clonogenic  

activities.(14,20) However, DMEM is not readily available 

when a tooth avulsion occurs.(13,20) Although the milk  

and the egg white groups demonstrated 90.0% and 

66.7% cell viability, respectively, the difference was 

not significant. These results corresponded with those  

of Sharma et al, who compared PDLC viability between 

milk and egg white as a storage media for teeth.(21) 

In that study, there was no significant difference  

between milk (74.0%) and egg white (75.7%). Their  

storage time was 30 minutes, which was shorter than  

the 3-hour storage time of the present study. None-

theless, it is important to note that our storage time  

is more clinically relevant. 

In the present study, we found that the percen- 

tage of cell viability in the milk group was similar to  

those of the DMEM group. These results differed from 

the study by Khademi et al(18), in which milk resulted  

in a significantly lower percentage of cell viability com-

pared to HBSS and egg white. These discordant results 

might have been because of the type of milk used. 

Nevertheless, milk has several suitable properties as  

a preservative agent. It is isotonic with a physiologic  

pH between 6.5-7.2, which is compatible with human 

PDLCs. The UHT whole milk we used had a pH of 6.0. In  

addition, the osmolarity of milk is in the physiological 

range for PDLCs as optimal cell growth occurs at an 

osmolarity of 290-330 mOsm/kg.(14,20) Furthermore,  

commercially available milk is relatively free of bacte- 

rial contamination due to pasteurization(27,28) and milk  

can maintain PDLC viability for as long as 6 hours.(5,14,17) 

Khademi et al reported that milk was suitable for  

storing teeth for 3 hours.(22) Their study showed a  

higher percentage of PDL healing in replanted dog  

teeth compared with teeth stored in milk for 6 hours, 

corresponding with the results of the present study. 

However, their study showed a 7% replacement re- 

sorption in egg albumin with the extended storage  

time of 10 hours, while milk resulted in only 1% of 

replacement resorption. 

Bag and Yildrim investigated fibroblast differ-

entiation and evaluated the osteoblastic and osteo-

clastic differentiations after storing teeth in HBSS, 

milk and DMEM. The milk group showed a decrease 

in RUNX2 expression, which helped protect fibroblast 

identity and decreased the risk of ankylosis. Inversely, 

HBSS and DMEM increased RUNX2 expression, there-

by increasing the risk of replacement resorption or 

ankylosis.(29) Their studies supported the results of 

the present study that milk helped preserve the  

PDLC viability for at least 3 hours. Additionally, in term 

of further replantation, milk could be a good choice  

of preservative media over HBSS and DMEM.

Previous studies found that fat content of the 

milk affected PDLC viability. Low fat milk (3% fat) was 

better for preserving PDLC viability compared with me-

dium (3.5% fat) and high fat milk (4.5% fat) at different 

storage times.(30) We used UHT whole milk (3.5% fat)  

in the present study. UHT milk has a long shelf life  

and has been shown to be an effective preservative 

media. The results of the present study agreed with  

a prior study, where medium fat milk yielded a higher 

cell viability compared with egg white when the teeth 

were stored at room temperature.(31) Moreover, we  

evaluated PDLC proliferation, defined as either high  

or low proliferation. The results revealed that the egg 



148 Thai J. Oral Maxillofac. Surg. Vol. 35  No. 2  Jul.-Dec. 2021

white and the milk groups demonstrated much lower 

percentages of high proliferation compared with the 

DMEM group. These results might have been because 

the higher essential nutrient and growth factor con-

tent in DMEM, which helped promote cell growth and 

proliferation.(13) Although egg white contains a high 

amount of proteins, vitamins, water, and low microbial 

contamination(32), the egg white group demonstrated  

a lower percentage of cell outgrowth compared with 

the milk and the DMEM groups. Also, the egg white 

group had a markedly lower percentage of proliferation 

than the other groups. Although Courts et al proved 

that proliferative activity after preservation in HBSS  

and milk resulted in higher proliferation than saliva 

and H2O
(27), the cells tested in their study were human 

foreskin fibroblasts, which was not the same as PDLC 

in the current study. To the best of our knowledge,  

the present study was the first study evaluating the 

proliferative activity of the PDLC. 

Two factors might have explained our PDLC  

viability and proliferation results. Firstly, the physical 

properties of egg white differ from those of milk. Egg 

white has a basic pH (8.60-9.38) and a lower osmolarity 

(258 mOsm/kg) compared with milk.(13,20) We deter- 

mined that the egg white pH used in the present study 

was basic (pH = 9.50). Physiologic pH and osmolarity of  

the preservative media are likely important in main-

taining PDLC viability. Secondly, the egg white viscosity 

might have affected our results. Egg white is a gelatin- 

like solution that may remain on the tissue explants, 

restricting PDLC outgrowth. A previous study investi- 

gated PDL thickness after transplanting rat molars  

stored for 1 hour subcutaneously.(23) It was found that 

the milk group had a thinner PDL than the egg white 

and the HBSS groups. From histological evaluation, 

bone formation in several milk samples at 2 weeks  

after transplantation suggested that ankylosis might 

have occurred if these samples had been replanted 

because of the disruption of the PDL. On the contrary, 

the egg white samples maintained an adequate PDL 

thickness without bone formation.

The preservative media temperature also affects 

cell viability and proliferation. More viable cells were 

found when teeth were stored at 4°C compared with 

those stored at room temperature.(7,33) Therefore,  

preserving an avulsed tooth at a cold temperature  

could better maintain PDLC viability and proliferation. 

Interestingly, the microbial contamination in the exper-

imental groups differed. We found microbial contam-

ination beyond passage 0 in 4 and 11 samples in the 

milk and the egg white group, respectively. However, 

contamination was absent in the DMEM group. The  

teeth we used were all collected following the same 

protocol. These results implied that the different storage  

media could increase the risk of post-replantation in-

fection. Even though the egg white used in the present 

study was a commercial product, avulsed teeth pre-

served in fresh egg white could have faced a greater 

risk of infection compared with those stored in the 

sterilized milk.

Moreover, the methods used in the present study 

differed from those of other studies. We immersed 

extracted teeth in the preservative media as should 

be done at the accident site. This method was used  

previously.(34) In addition, our extraoral 15-minute drying  

time mimicked the real-life situation after avulsion, 

where time may elapse before the tooth can be  

placed in the preservative media. PDLC viability could  

be maintained after 15 minutes of dry storage.(35) Also,  

our method is simple and does not require special 

equipment or agents. 

The present study showed that PDLC could sur-

vive in both egg white and milk as a preservative agent. 

Milk led to better results than egg white in terms of 
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cell proliferation. The results of the present study 

confirmed that milk can be considered an appropri-

ate physiologic media for avulsed teeth, as stated  

in several guidelines.(15,36) However, when no milk is  

available, egg white can be used as an alternative. 

Another consideration is the extended storage time in 

the media which may result in unfavorable periodontal 

healing of replacement resorption or ankylosis. 

Conclusion 

Preservative media plays an important role in 

avulsed tooth storage. It should be readily accessible 

at scene and the chosen media should be effective in 

preserving the PDLC viability. From the present study, 

both milk and egg white were effective in maintaining 

PDLC viability after 3-hour storage. In terms of prolif-

erative activity, egg white was less effective. However, 

it is readily available and can be an alternative choice  

of preservative media for an avulsed tooth. Nonethe- 

less, further studies are required to evaluate the PDLC 

viability and proliferation under longer storage periods, 

and periodontal healing after replantation in an in vivo 

study. 
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