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Abstract

The purpose of this study was to investigate the fetts of short-term cryopreservation on
the root of an incomplete human tooth with periodotal ligament cells (PDL) and dental
pulp tissues. Extracted teeth were cryopreserved fahree months using a programmed
freezer combined with a magnetic field, known as Qis Alive System “CAS”. PDL regenera-
tion and appropriate apexogenesis after transplantig a magnetically cryopreserved imma-
ture tooth were clinically confirmed. These finding demonstrate that teeth banking with the
use of a magnetic field programmed freezer can bevailable for future autotransplantation
as a treatment modality for replacing missing teethPDL regeneration and appropriate ap-
exogenesis after transplanting a magnetically cryapserved immature tooth were clinically
confirmed. These findings demonstrate that teeth beking with the use of a magnetic field
programmed freezer can be available for future auttransplantation as a treatment modality
for replacing missing teeth. Results indicate thashort-term cryopreservation with the use of
a CAS freezer does not affect the rate of recoveryr characteristics of PDL cells.
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Introduction netic field vibration function prohibits water moldes
from creating clusters during the freezing prod8sdit is

Autotransplantation of teeth with a long dentalechis- generally known that appropriate PDL regeneratifter a
tory and some influential advantages such as maintg ~ autotransplantation can have a direct affect oraecing
bone volume, PDL regeneration ability, and allowite;-  the transplantation success rate and improvingrusig
tofacial development has always been a treatmedamo [4-6]. Moreover, based on the above-mentioned aaini
ity for substituting missing teeth [1, 2]. Howeviersitua-  findings, a CAS freezer may also be helpful in tue-
tions where extracted healthy tooth immediate plams  Vival of PDL cells after cryopreservation. In ouepious
tation could not be attained, autotransplantatidth the  Study, the optimal conditions (15 minutes hold-tiate-
use of a teeth bank adds a new dimension to tremtme5'C followed by -30C plunging temperature and 0.01 mT
planning. In this aspect, it is compulsory to preediv-  magnetic field intensity) needed for survival anability

ing cells and tissues in a structurally-intact igatnd, of PDL cells using CAS freezers were determined [7]
more importantly, to prevent intracellular ice fation. After the program freezing procedure, teeth weamdr
The establishment of a newly-developed freezerguain ferred to a -15@ deep freezer (MDF-11561; Snyo, Osa-
magnetic field called “Cells Alive System” (CAS) $ha ka, Japan) for three months. Other studies reggritia
been used for cryopreserving food, for achievirgdbal effects of cryopreservation with normal freezersRibL

of proper freezing and maintaining original fresistes, tissue have been performed [8, 9, 10]; howevepune-
and more recently for teeth, where cell damageeathby  servation of teeth with the use of CAS freezersriaer
intracellular ice formation could be prevented. Thag- been investigated. The revascularization capabitify
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transplanted teeth with incomplete root formationnja-  before donor tooth transplantation by tooth exioacof
ture teeth), which is related to pulp viability,aéthe ut- the first molar (Fig. 5A). On the day of oral sungehe
most importance. Although a few studies have besn c cryopreserved tooth was thawed in tap water in tdebo
ducted to examine pulp reactions following cryoprga-  (Fig. 5B) and washed several times in sterile sa(ffig.
tion [11, 12], consistent conclusions could not bebC). Transplantation was performed under local thiees
achieved and some indistinct points still remaincdtd-  sia by a maxillofacial surgeon (Fig. 6A and B). Trans-
ing to previous statements, this clinical study vpes- planted tooth was placed slightly below the ocdlptane
formed with the main purpose of examining the é¢ffexf and splinted with sutures (Fig. 6A). Dental radaggr
cryopreservation on human periodontal ligamentscellwas taken right after the transplantation for rdoa and
using a magnetic field freezer and evaluatingdirécal  confirming position of the tooth (Fig. 6B). Suturesre
influences of cryopreservation on pulp tissuesnofna- removed 7 days postoperatively. The patient wakedtal

ture and mature human teeth. for a follow-up on the first month after transplatidn
and every 3-6 months after that for one year. G @és-
Patient and Methods it, primary tests such as mobility and precautipocket
depth, and tooth vitality with electrical pulp test were
Case report examined and periapical or dental X-rays were tgkémn

In this clinical study, we report a 20-year-oldipat who /A and B).

came to our dental clinic. After initial dental ragiraphs

(Fig. 1A) and computed tomography imaging (Fig. 1B)Results

had been taken, caries as a result of second Mmasial

inclination malposition was observed in the maxilght  After the tooth was thawed and washed in sterilmea
first molar. It was decided to extract the firstlavoand before transplantation, it was carefully monitoredo
transplant the third molar to the first molar afEy. 2A).  signs of tooth cracks or PDL and Hertwig's tissestlic-
This case had to be performed with distal movenaént tion were observed, thus the tooth was ready famstr
the second molar (Fig.1A and B). For this reastwe, t plantation (Fig. 5C). Radiography immediately takdter
wisdom tooth was extracted (Fig. 2B), frozen in @&S  transplantation showed wide radiolucency at the PDL
freezer, and cryopreserved (Fig. 3A and B) in teepd (Fig. 6B). Two weeks after transplantation, paioréased
freezer for 3 months (Fig. 3C) until proper bongemera ~ and no sign or symptoms of inflammation could be ob
tion had occurred, enabling transplantation. Onatmo ~ served, while the tooth remained unresponsive got
after donor tooth extraction, orthodontic bracketsre cal pulp testing and mobility was still grade 2.e0w
bonded correct the tipped back second molar (Fig. 4 three months after transplantation, not only wapatho-
and B). The hole of the reception side was prepjasid logical radiolucency or tooth resorption noted, &isb

electric pulp elect?ic“p_ulp
test — test +

Fig. 1A: Initial dental radiographs (Fig. 1A)
B: Computed tomography imaging (Fig. 1B)
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Figurel: Initial dental radiographs (Fig. 1A) B: Computed tomography imaging (Fig. 1B)
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Tooth transplantation.

Fig.2A: Oral photograph.
B:Computed tomography imaging.

O Recipientsite

Pt

’\ :,‘ Donor tooth (extracted wisdom tooth)

Figure 2. Oral photograph; B: Computed tomography imaging.

+20°C -2°C /min

First precooling time 30 minutes
Temperature 0—+3°C
0°C
-5°C Second precooling \_ Prefreezing Fig.3A: CAS program freezing.
time 25 min emperature -30°C B: Program freezer with a
Temperature -5°C Magnetic field magnetic field.
Cooling rate 0.01 mT C: Deep -150°C freezer
-30°C -0.5-1.0°C /min
. Long preservation
. temperature at -130—-196°C
15 2°C

Figure 3. A: CASprogram freezi; B: Program freezer with a magnetic field; C: Deep freezer of -150//
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Fig.4A: Oral photograph.
B: Dental X-rays.
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Figure 4. A: Oral photograph; B: Dental X-rays.

Fig.5A: Oral photograph. Extracted tooth socket
B: Thawing of the donor tooth
C: Defrosted donor tooth.
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Fig.6A: Oral photograph. Just after frozen tooth transplantation
B: Dental X-rays. Just after frozen tooth transplantation
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electric pulp test +
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Fig.7A: Dental X-rays. Three months after frozen tooth transplantation.
B: Dental X-rays. One year after frozed tooth transplantation.

P
] 1

\_./ Donor tooth

Figure7. A: Dental X-rays. Three months after frozen tooth transplantation; B: Dental X-rays. One year after frozen

the disappearing radiolucency illustrated good RBL
generation (Fig. 7A). Furthermore, the tooth stabil
and started to response to the electrical pulparedtsome
signs of closure of the root apex were visible sgtaphi-
cally. One year later, development of intact lamihaa
around the tooth root and the trabecular bone ar¢tam-
ina dura indicated sufficient bone regeneration.(F¥B)..
Although root length was still shorter than averaggex

served for three months in the CAS freezer showed no

differences in immediate autotransplantation. We- pe
formed CAS frozen teeth transplantation in huma&gs |
24]. Immediately after transplantation, no respotse
thermal or electrical stimulation could be found tire
cryopreserved immature tooth. This delay (three then
after transplantation) was also perceived aftersppianta-
tion of non-cryopreserved immature teeth [25]. Hoare

closure was completely obtained and complete apexdransplanted teeth, regardless of being cryopresgeor

genesis could be achieved (Fig. 7B). Furthermdrne, t
tooth stabilized and showed no reaction to thetrtat
pulp test and some signs of closure of the rook apel
dental pulp were visible radiographically (Fig. 7B)

Discussion

After the first trial of third molar transplantatiovas per-
formed by Apfel [13] and Miller [14] in the 1950sgveral
molar transplantations were reported by Nordenrdsy, [
and Walker & Shaeffer [16]. Later, the concept pfoe
preservation for storage of human teeth beforespiamn-
tation, where immediate replantation was not pdessb
indicated, was created and followed by severalstige-
tions [17, 20]. After the development of an inndvet
programmed freezer with a magnetic field, an irritisd
evolution occurred in the field of tooth banking P4]. In
our previous study [7], the importance of applyanghag-
netic field to cryopreservation of cells was comiéd.
The survival rate of cells cryopreserved in the Gie®z-
er group was significantly higher than that of amal
freezer without a magnetic field. Although a higimsval
rate of PDL cells after short-term cryopreservatidth a
CAS freezer was confirmed, whether the pulp of ithe
complete root of short-period cryopreserved pendalo
ligament cells was included which is the key tocass in
tooth autotransplantation, was an issue that rezdaim-
answered. In this study, PDL and pulp tissue cryopr
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not, will subsequently respond to electrical pudpting.
The probable reason is that regeneration of nebersf
after transplantation, in general, takes a longee than
revascularization [26, 27]. Although reinnervatiaf

damaged nerves in cryopreserved teeth with immature

root formation needs a longer time than freshlyasted
and transplanted teeth with immature root formation
should be considered that nerve regeneration will be
deferred not eliminated. In addition, root formatiafter
transplanting teeth also depends on the presentleein
root apex of a healthy Hertwig's epithelial rooteath
(HERS). HERS plays an important role in root depelo
ment and if damaged, normal root development weéll b
interrupted [28]. Hence, further investigations aneting
the characteristics of HERS cells after magnetyogre-
servation should be performed.
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