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فيوجتلانمنانسلألةلماكةحازإهنأبنانسلأاعلقفرعي:ثحبلافادهأ
مسجلاةحصىلعملأابيلحرثؤي.نسلاعرزةداعإوهجلاعلضفأويخنسلا
ةساردلاتممص.ةريبكوةقيقدةيئاذغتانوكمدوجوبطبترملاهروطتوهومنو
.نسلاعرزةداعإحاجنىلعنيزختطيسوكيرشبلاأبللاريثأتليجستل

رسيلأاعطاقلاعلقيفةغلابلاناذرجلاروكذنمنيثلاثكارشإمت:ثحبلاةقيرط
ناذرجلاميسقتمت،عرزلاةداعلإةعطتقملانانسلأانيزختطسولاقفوويولعلا
ةعومجموروبنصلاهايمةعومجموكناهلولحمةعومجم.تاعومجم3ىلإ
)لي-2-لوزايثليثيميئانث-4،5(-3مادختسابىودجلارابتخاءارجإمت.أبللا
يفيجيسنلاليلحتلاردقو،يجيسنلامييقتلاوداوملاصحفل2-لينيفيئانث-2،5-
ةيوئملاةبسنلاو،يوثللاميعطتلاو،بللارخنديدحتلةحارجلادعباموي45ةرتف
.يوثللاطابرلاطبرواهصاصتماةداعإتمتيتلاةقطنملل

لولحمباعوبتمةيلخلاةيحلاصنمىلعأةيوئمةبسنأبللاطسورهظأ:جئاتنلا
هعرزداعملاعولخملانسللةيجيسنلاجئاتنلاترهظأ.ةريبكقرفةميقعمكناه
يلخادويجراخرذجفاشترانيزختطيسوكروبنصلاءاميفهسرغمتيذلاو
ةنراقمميقلايفةريبكتافلاتخادوجوعميوثللاطابرلاخطلتوبللارخن.حضاو
هطبرداعماديدجاطابرأبللاةعومجمرهظتامنيب.أبللاتاعومجموكناهلولحمب
.رذجلافاشتراىلعليلددجويلاويعيبطلابللاعماديج
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Abstract

Objectives: Tooth avulsion is defined as total tooth

displacement from the alveolar socket; the best treatment

is replantation of the tooth. Human milk influences body

health, growth, and development related to the presence

of micro and macro nutrient components. This study

assessed the effects of human colostrum as a storage

medium on the success of tooth replantation.

Methods: The upper left incisor of 30 adult male Wistar

rats was extracted, and the rats were divided into three

groups according to the storage medium of the extracted

tooth for replantation: Hank’s balanced salt solution

(HBSS), tap water, and colostrum groups. The MTT cell

viability assay was conducted, and histological evaluation

and histomorphometric analyses were performed on

postoperative day 45 for identification of pulp necrosis,

periodontal hyalinization, percentage of resorbed area,

and the periodontal ligament attachment.

Results: The colostrum medium showed a higher per-

centage of cell viability followed by HBSS with statistical

significance. Histological findings of the replanted

avulsed tooth that soaked in tap water as storage medium

showed obvious external and internal root resorption.
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Pulp necrosis and periodontal ligament hyalinization and

with a significant differences values in comparison to

HBSS and colostrum groups (p > 0.05), whereas the

colostrum group showed new well-reattached periodontal

ligament with normal pulp and no evidence of root

resorption.

Conclusion: Tooth loss is minimized by using human

colostrum as storage medium in replantation of an

avulsed tooth after a 1 h period compared to HBSS and

water.

Keywords: Colostrum; Hank’s balanced salt solution; Peri-

odontal ligament; Root resorption; Storage medium; Tooth

replantation

� 2023 The Authors. Published by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Complete displacement of a tooth from its socket is
referred to as avulsion; the treatment of choice for this case is
tooth replantation to restore oral function and esthetic.1,2

The prognosis of the healing process of replantation and its
success depends on many factors including the health of
the subject, root status, type of storage medium, and how
long the avulsed tooth remains.3,4

Restoring the tooth attachment with alveolar bone and
gingival tissue is the goal of treating of an avulsed tooth,
which occurs with formation of new bone and new

cementum, reestablishment of the periodontal connection,
and restoration of blood to the pulp and the surrounding
tissues.5,6 Avoiding complications of replantation such

as inflammation or resorption may prevent loss of the
tooth.7,8

Hank’s balanced salt solution (HBSS) is used as storage
medium containing essential nutrients, and has the ability to

maintain the viability of periodontal ligament (PDL)
cells.9,10 Moreover, it acts as a mitogenic agent for
periodontal fibroblasts, which affects the success of

replantation of the avulsed tooth.11,12 Milk is also
recommended as a transport medium for avulsed teeth by
its ability to maintain PDL cell viability.13

Colostrum is milk that is secreted by the mammary gland
the first 4e5 days after a baby is born. It is rich in caroten-
oids, proteins, calcium, sodium, immunoglobulins (Igs)

(especially IgA), and vitamins (mainly vitamin A). Zinc is
also present in the colostrum at concentrations reportedly 17
times higher than in maternal circulation, whereas lactose
and fat levels are low.14,15 Many studies have used HBSS and

milk as storage media,16,17 but no study on the use of
colostrum has been reported.

The purpose of the study was to show the effects of using

colostrum as storage medium for 1 h on the regeneration and
reconstruction of dental tissues after replantation of an
avulsed tooth compared to HBSS and tap water.
Materials and Methods

In vitro study (viability test) by the MTT assay

The NIH 3T3 murine fibroblast cell line (No. 93061524;
Sigma, St. Louis, MO, USA) was cultured in Dulbecco’s
modified Eagle medium. Cells were seeded in a 96-well
microplate at a density of 1 � 104 cells per well in 100 mL
and cultured at 37 �C and 5% for 24 h. Then cells were treated
with one sample from each of the three storage media (HBSS,
tap water, and colostrum) for another 24 h followed by the

MTT cell viability assay (Sigma). After 72 h, colorimetric
estimation of cell proliferation and viability was carried out at
570 nm as described byWang et al.18 The percentage of viable

cells was calculated and analyzed statistically by one-way
analysis of variance (ANOVA) as follows:

Percentage viability ¼
absorbance of test samples� absorbance of the blank

absorbance of control well� absorbance of the blank
� 100

In vivo study

Animal models

Thirty adult male Wistar rats, weighing 0.35e0.40 kg and
aged 4e6 months, were utilized in this study. All experi-
ments were performed according to ethical approval from
the ethics committee of Al-Mustaqbal University College
(License No: 069229; Hillah, Iraq) and under the National

Council’s guidance. The animals were kept at a temperature
of 22 �C and constant humidity and divided into the
following three groups according to the storage medium

used for the avulsed tooth: HBSS, tap water, and colostrum
groups.

Collection of colostrum

The colostrum (30 mL) was collected from a 24-year-old
female volunteer after 1 day of normal labor. Before collec-

tion, she took a bath with warm water to stimulate flow of
the colostrum and the nipple area was cleaned. Small drops
of colostrum that began to appear were kept in a sterile
container at 4 �C for no longer than 24 h.

Extraction and replantation

Ketamineexylazine anesthesia (0.1 mL/10 g body weight,

Rompun�; Germany) was administered intraperitoneally to
the rats. The incisors were washed with an antiseptic, and
extraction was carried out with a scalpel blade (#15) and with

application of little force to extract the tooth without any
trauma. Treatment of the extracted tooth consisted of im-
mersion in one of the storage medium (HBSS, tap water, and

colostrum) for 1 h at 20 �C. A total of 10 teeth were used for
each group. After 1 h, the extracted teeth were replanted into
their respective socket and splinted using phosphoric acid

(etching) for 1 min, followed by washing and drying,

http://creativecommons.org/licenses/by-nc-nd/4.0/
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bonding, and application of a flowable composite resin. A
systemic antibiotic (penicillinedihydrostreptomycin, 1 mL

per 25 kg intramuscular injection) was given for 3 days
postoperatively after replantation to prevent wound infec-
tion. Animals were sacrificed with an overdose of diethyl

ether on postoperative day (POD) 45, after which the ante-
rior portion of the maxilla was dissected.

Histological investigation

The specimenswere decalcified in 10% formic acid,washed,
dehydrated, and embedded in awax block. Then serial sections
were selected to involve themiddle and apical third of the root.

The slides were stained with hematoxylin and eosin (H&E).
Table 1: Results of the MTT assay.

Storage medium N/CV Mean% Std. deviation Std. erro

HBSS 6 78.645 5.564 2.664

Water 6 63.112 11.976 5.433

Colostrum 6 89.657 6.611 4.123

Test of homogeneity of variances

MTT

Levene statistic df1 df2

3.263 2 14

Table 2: ANOVA test for the MTT assay.

Sum of

squares

df

Between groups 1887.121 2

Within groups 1380.7 20 15

Figure 1: Microscopic views of the replanted avulsed tooth treated wi

hyalinization of the PDL (HPDL), resorbed cementum (arrow), and p

PDL (NPDL), necrotic pulp (NP), and root resorption including ceme

new well-reattached PDL (RPDL) with normal pulp, and no evidence
Using Image Lab Software 2.3 to analyze the PDL, the
cementum and percentage of resorbed area were analyzed us-

ing the following formula: total resorbed area � 100 and
divided by the total tooth area.19 The data were analyzed
statistically using the fissure test and Student’s t-test.
Results

MTT results

TheMTT assay was conducted after 72 h to determine cell

viability (Table 1). Cells incubated in colostrum media had a
higher percentage of cell viability (89.657 � 6.611) followed
r 95% Confidence interval Minimum Maximum

Lower bound Upper bound

73.716 83.545 71.34 84.22

49.546 69.765 44.66 70.54

82.733 94.600 80.65 96.46

Sig.

0.042

Mean

square

F Sig.

966.040 11.722 0.001

84.021

th three experimental storage materials. (A) HBSS group showed

ulp with hyaline. H&E �4, (B) Tap water group showed necrotic

ntum and dentine (arrow). H&E �4, (C) Colostrum group showed

of root resorption was detected. H&E �4.



Table 4: Percentage of root resorption of study groups at POD 45.

Storage medium Percentage of resorption T-test p value

HBSS 5.21 � 1.22 7.432 <0.01*

Tap water 18.56 � 2.23

Colostrum 2.15 � 1.33

*Statistically significant at p � 0.05.

Table 3: Frequency of histological parameters and F-test at POD 45.

Parameters No. of

specimens/group

HBSS Tap water Colostrum F-test Sig.

Pulp necrosis 10 1 8 0 5.511 0.001*

PDL hyalinization 10 2 8 1 6.457 0.001

Root resorption 10 1 7 0 5.555 0.001*

Reattached PDL 10 6 1 9 8422 0.001*

*Statistically significant at p � 0.05.
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by HBSS (78.645 � 5.564) with statistical significance
(p > 0.001) as determined by ANOVA (Table 2).

Histological and histomorphometric findings

Histological results for the HBSS group on POD 45

revealed resorbed cementum in some areas at the apex of the
root with repaired deposit of new cementum in other places.
Pulp and periodontal ligament showed hyalinization in their

tissue. No evidence for bone resorption was recorded, and
only one specimen showed root resorption (Figure 1A).
Microscopical results of the tap water group on POD 45
showed external and internal root resorption including the

cementum and extending to the dentin. Pulp and PDL
necrosis was observed (Figure 1B). On POD 45, the pulp,
dentin, and cementum of the colostrum group showed

normal histological features, while the PDL showed good
rearrangement and attachment to the surrounding bone
(Figure 1C). The frequency of histological parameters was

non-significant among the groups regarding PDL hyalini-
zation, and significant differences in pulp necrosis and root
resorption were observed in the tap water compared to HBSS

and colostrum groups. Periodontal reattachment was
assessed in all study groups and a significant difference was
observed for the colostrum compared to the HBSS and tap
water groups (Table 3). Significant differences in root

resorption were observed among groups (p < 0.01; Table 4).

Discussion

Interim storage of avulsed teeth until replantation was
evaluated with different techniques, because of the diffi-
culties in replacing the tooth in its socket at the time of

injury.20 Thus, this study used several procedures for interim
storage and estimated the changes in histological events that
occurred during storage of the avulsed teeth and replantation

until the recording of the success of replantation.
Many studies have used the cell viability test to evaluate

the effects of the examined storage medium on the growth

and viability of fibroblast cells.21,22 Fibroblasts are derived
from the germinal layer, which has the same origin of
osteogenic cells, at the same time representing the
formative cell for PDL, which is an important tissue in the

success of replantation process. The MTT assay is based
on the reduction of MTT dye into insoluble formazan,
after which the number of viable cells is calculated.23 The

results showed that storage in the colostrum medium
resulted in a higher percentage of viable cells compared to
storage in HBSS and tap water medium. Histological

features including pulp necrosis, periodontal hyalinization,
percentage of resorbed area, and PDL attachment were
assessed for all replanted avulsed teeth after storage in
different media (HBSS, tap water, and colostrum) for a 1 h

period.
At POD 45, the HBSS group had resorbed cementum in

some areas with deposits of new cementum and no evidence

of bone and root resorption. These results were in agreement
with Souza et al.,25 who reported that milk and HBSS are
more effective in maintaining cell viability and

proliferation capacity than any other storage media. HBSS
has long been used for cell maintenance and tissue
preservation because of its ideal pH and osmolality that
help in preserving cell vitality; therefore, it has been widely

employed as a positive control in studies related to dental
avulsion.24,25

On the other hand, some specimens showed hyalinization

in the tissues of pulp and PDL, which may have been related
to the solution used at 20 �C as many studies prefer to use
solution at 37 �C to obtain full efficacy as preservative media.

Moreover, it has been recommended that the avulsed tooth
be placed in HBSS for no more than 30 min, whereas our
study extended the storage period to 1 h.26,27

The tap water group had pulp and periodontal necrosis
and extensive root resorption; these findingsmay be related to
the poor characteristic properties of water including having a
non-ideal pH and osmolality with a chance of bacterial

contamination. Moreover, tap water is a hypotonic solution
that has no ability tomaintain cellmorphology andmay result
in visible destruction and rapid cell lysis and death, as the

present results showed failure to keep the avulsed tooth alive.
These results are in accordancewithDeBrier et al., who found
that tap water was the least desirable storage medium.10,27
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The colostrum group showed success in replantation, as
the histological findings showed normal pulp tissue and

reattachment of the PDL with no root resorption observed
for the examined specimens. These results contribute to the
facts related to human milk as a whole including its physi-

ological properties as being sterile, free from bacterial
contamination, and an isotonic fluid in which cells can sur-
vive.28 Moreover, colostrum is rich in carotenoids, proteins,

specific electrolytes calcium, sodium, IgA, vitamin A, and
zinc. All of these nutrients are important for cell survival,
proliferation, and the reestablishment of new tissue.29,30

The results of this study suggest the use of colostrum as a

storage medium because it significantly preserves the
viability of dental cells compared to water and HBSS. In
addition, because it is sterile and free of bacteria, it helps with

the storage and transport of avulsed teeth.31 Moreover, it is
easy to collect and is free of cost compared to HBSS.

Conclusion

This study demonstrated the efficacy of colostrum as an
excellent storage medium in preserving avulsed teeth for a

long period of time. It is a significantly better preservative
and transport media than HBSS and tap water.
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