Case Report

A case of tooth autotransplantation after long-term cryopreservation using a

programmed freezer with a magnetic field
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ABSTRACT

This case report describes the treatment of a skeletal Class Il malocclusion with autotransplan-
tation of a cryopreserved tooth. To gain an esthetic facial profile and good occlusion, extraction of
bimaxillary premolars and surgical therapy were chosen. The patient had chronic apical
periodontitis on the lower left first molar. Although she did not feel any pain in that region, the
tooth was considered to have a poor prognosis. Therefore, we cryopreserved the extracted
premolars to prepare for autotransplantation in the lower first molar area because the tooth would
probably need to be removed in the future. The teeth were frozen by a programmed freezer with a
magnetic field (CAS freezer) that was developed for tissue cryopreservation and were
cryopreserved in —150°C deep freezer. After 1.5 years of presurgical orthodontic treatment,
bilateral sagittal split ramus osteotomy was performed for mandible setback. Improvement of the
facial profile and the occlusion were achieved in the retention phase. Six years after the initial visit,
the patient had pain on the lower left first molar, and discharge of pus was observed, so we
extracted the lower left first molar and autotransplanted the cryopreserved premolar. Three years
later, healthy periodontium was observed at the autotransplanted tooth. This case report suggests
that long-term cryopreservation of teeth by a CAS freezer is useful for later autotransplantation,

and this can be a viable technique to replace missing teeth. (Angle Orthod. 2015;85:518-524.)
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INTRODUCTION

Autotransplantation of teeth is useful procedure for
recovering occlusal function by replacing missing
teeth. Unnecessary wisdom teeth and teeth extracted
for orthodontic treatment are mainly used as donor
teeth. Autotransplanted teeth can regenerate the
alveolar bone of the socket through the osteoinduction
ability of periodontal ligament (PDL) cells."? This
treatment is reliable and associated with good out-
comes.® However, sometimes patients may not have
an available donor tooth because it was previously
extracted. To solve this problem, teeth cryopreserva-
tion systems have been developed. Many clinical
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AUTOTRANSPLANTATION OF CRYOPRESERVED TOOTH

Figure 1. Pretreatment facial photographs.

reports and animal experiments show the efficacy of
teeth cryopreservation.*® However, in some cases,
transplantation of a cryopreserved tooth may result in
tooth-bone ankylosis or root resorption because of
PDL cell damage induced by ice crystal formation
inside the cells. Recently, we developed a pro-
grammed freezer with a magnetic field called the Cells
Alive System (CAS) (ABI Corporation Ltd, Abiko,
Japan). A CAS freezer can prevent ice crystal
formation, and our previous findings showed that a
0.1-mT magnetic field, a 15-minute hold time, and a
plunging temperature of —30°C led to the greatest
survival rate for PDL cells.’® However, autotransplan-
tation of human cryopreserved teeth by a CAS freezer
has not yet been performed. This case report
describes the treatment of a skeletal Class llI
malocclusion with a tooth autotransplanted after
cryopreservation for 6 years.

Figure 3. Pretreatment panoramic radiograph.

CASE REPORT
Pretreatment Evaluation

The patient, a woman aged 24 years and 1 month,
complained of a mandibular protrusion. Pretreatment
facial photographs showed a long face and a concave
profile (Figure 1). Intraoral photographs and dental
casts revealed a —5.0 mm overjet and a —2.5 mm
overbite. The right and left molar relationships were
both Class lll. The upper dental midline coincided with
the facial midline, but the lower midline was shifted to
the left by 1 mm (Figure 2). Panoramic radiograph
showed a periapical cyst on the lower left first molar,
although there was no clinical symptom (Figure 3).

We referred the patient to endodontists. They
removed the metal crown for endodontic treatment
but suggested that we should observe the progress
without treating the radicular cyst because the dentin
was very thin and likely to be broken during root canal
treatment. Therefore, the temporary crown was set on
the lower left first molar and application of orthodontic
force was avoided. As shown in the cephalometric

Figure 2. Pretreatment intraoral photographs.
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Table 1. Summary of Cephalometric Measurements

Measurement Pretreatment Posttreatment
SNA (9) 75.7 80.3
SNB (%) 81.4 77.6
ANB (°) -5.5 2.6
FMA (°) 31.2 29.1
FMIA (°) 76.3 66.4
IMPA (°) 76.5 84.5
U1-FH (°) 127.5 114.4
Over jet (mm) —-5.5 2.0
Over bite (mm) -2.5 1.5

measurements, a skeletal Class lll relationship (ANB
angle, —5.5°) with posterior shift of the maxilla and
anterior shift of the mandible were observed. Labial
inclination of the upper incisors (U1-FH, 127.5°) and
lingual inclination of lower incisors (IMPA, 76.5°) were
also evident (Table 1). Based on the information, the
patient was diagnosed as having skeletal Class Il
mandibular protrusion with an open bite. Therefore,
we recommended extraction of the upper first
premolar for orthodontic treatment with double jaw
surgery. We also suggested cryopreservation of the
extracted upper first premolars. The study was
approved by the Ethics Committee of Hiroshima
University (D65-1), and informed consent was ob-
tained before tooth extraction.

Treatment Plan

The treatment objectives essentially consisted of
repositioning of two jaws and extracting the upper first
premolars. The treatment plan was as follows.

« Extraction of the upper first premolars (cryopreser-
vation)

« Lingual inclination of the upper incisors and labial
inclination of the lower incisors by presurgical
orthodontic treatment

» Two jaw surgery (upper: 5 mm advance by Le Fort |
osteotomy; lower: 5 mm setback by sagittal split
ramus osteotomy)

 Postsurgical orthodontic treatment

Treatment Progress

Under local anesthesia, the upper premolars were
extracted. The teeth were immediately put into the
Teeth Keeper NEO (Neo Dental International Inc,
Tokyo, Japan). Then, the teeth were placed in
tempered hard-glass vials (SV-10, Nichiden-Rika
Glass Co, Ltd, Kobe, Japan) with 5 mL preservative
media (Bambanker 2, Lymphotec, Tokyo, Japan) that
contained 10% dimethyl sulfoxide. The teeth were
frozen by a CAS programmed freezer containing a
magnetic field (ABI Corporation Ltd). The CAS freezer
was programmed to freeze cells at —0.5°C/min with a
0.1-mT magnetic field, a 15-minutte hold time at —5°C,
and a plunging temperature of —30°C according to our
previous study.’®'2 Then, the teeth were cryopre-
served at —150°C.

The upper canines and incisors were distalized, and
both arches were aligned so that the two jaws fit
together properly. After 18 months, the tooth alignment
was finished and orthognathic surgery was carried out.
The maxilla was moved forward 5 mm by Le Fort |
osteotomy, and the mandible was moved backward
5 mm by sagittal split ramus osteotomy. Postsurgical
orthodontic treatment took 10 months, and the teeth
were well aligned with a good intercuspal relation
(Figure 4). After removal of the edgewise brackets,

Figure 4. Posttreatment intraoral photographs.
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Figure 5. Posttreatment facial photographs.

lingual bonded retainers were set on both the upper
and lower arches between the premolars.

Treatment Results

A normal overjet and overbite were achieved and the
upper and lower midlines coincided. The upper and
lower dental arches were well aligned and a Class |l
molar relationship was achieved. The facial profile was
improved but facial asymmetry and long facial height
remained (Figure 5). The posttreatment panoramic
radiograph showed that all the roots were almost
parallel, and the size of the periapical cyst on the lower
left first molar did not change (Figure 6). Cephalomet-
ric analysis showed that IMPA changed from 76.5° to
84.5° and the ANB angle changed from —5.5° to 2.6°
(Table 1).

Autotransplantation of the Cryopreserved Tooth

Six years after the premolars were cryopreserved,
the patient had percussion pain on the lower left first
molar and discharge of pus was observed. The dental
x-ray showed that the periapical cyst had grown
(Figure 7), and endodontists tried to treat the root
canal disease. However, the mesial root was cracked
and the tooth was designated for extraction. Therefore,

Figure 6. Posttreatment panoramic radiograph.
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Figure 7. Dental radiograph of the lower left first molar 6 years after
the initial visit.

we decided to autotransplant the previously cryopre-
served premolar. After extraction of the lower left first
molar, pus discharge, softened bone, and granulation
tissue were observed, so we removed them carefully
by a sharp spoon before autotransplantation. Then, the
cryopreserved tooth was applied to a fitness test into
the socket after thawing in a 37°C water bath. The
tooth was kept in the Teeth Keeper NEO during socket
preparation and fixed with a 0.7-mm Co-Cr wire after
transplantation (Figure 7). The dental radiograph of
the transplanted tooth right after autotransplantation
showed mesial inclination, and there was no bone on
the mesial side (Figure 8). Two weeks after autotrans-
plantation, endodontic treatment was started and the
root canal was filled with gutta-percha point and sealer.
One month after autotransplantation, we started to
upright the transplanted tooth by a sectional arch
(Figure 9). Three years after the autotransplantation,
the final dental prosthesis was set on the transplanted
tooth, although a little mesial angulation remained
(Figure 10). Bone regeneration, physiologic tooth

Figure 8. Dental radiograph of the transplanted tooth right
after autotransplantation.
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Figure 9. Intraoral photographs of the transplanted tooth, which was started to upright by a sectional arch 1 month after autotransplantation.

mobility, healthy periodontal ligament, and lamina dura
were observed. Inflammatory root resorption and
replacement resorption were not observed (Figure 11).

DISCUSSION

In the present case, we needed to correct the
overjet, molar relationship, and facial profile. Thus, we
planned for repositioning of the jaws with extraction of
upper first premolars. As a result, the patient’s profile,
overjet, and molar relationship were improved. How-
ever, slight facial asymmetry and long facial height still
remained. As for the proportion of the face and frontal
view, genioplasty should have been applied.

Andreasen et al.’® reported that autotransplanted
teeth with incomplete and complete roots had more
than a 95% survival rate after a long observation
period. Czochrowska et al* also reported long-term
outcomes of tooth transplantation 17 to 41 years
posttreatment and showed that the tooth survival rate
was 90%. Therefore, autotransplantation can be a
more appropriate alternative treatment for replacing
missing teeth. However, opportunities for immediate
tooth transplantation are limited. For example, the
patient must have a healthy donor tooth at the same
time transplantation is needed. When autotransplan-
tation is necessary but the recipient site is too small
and orthodontic treatment is needed to gain space,
immediate tooth transplantation is also impossible.

Therefore, the study of teeth cryopreservation has
been examined in basic studies'*” and clinical
studies.*® Periodontal healing after cryopreservation
is a critical factor for success after cryopreservation.
However, cells are easily damaged by ice crystal
formation, which leads to tooth-bone ankylosis and
root resorption. Recently, a cryopreservation technol-
ogy was developed in the food industry. When frozen
flesh is thawed, the ruptured cells release water and
many of the compounds that provide certain flavors,
resulting in a dry, tasteless product. We collaborated
with ABI Corporation Ltd, a company that produces
freezers for food preservation, to develop a special
freezer using the CAS magnetic field. Because cells
contain a cluster of water molecules, when the water
freezes this cluster grows and injures the cell
membrane. However, alternating magnetic fields with
an induced electric field generated from the CAS
freezer vibrates cells and water molecules by a
nonthermal mechanism. These vibrations were ampli-
fied in sympathy with mechanical and thermal vibration
(CAS vibration). This CAS vibration prevents intracel-
lular ice crystal formation by causing it to vibrate.™
Iwasaka et al.'® clarified the effect and mechanism of
magnetic fields on freeze processes in aqueous
solutions. They showed that fine ice crystals, which
strongly scattered the irradiated light, increased in
number in the early phase of the supercooled state
when the pulsed train magnetic field was applied. For

Figure 10. Intraoral photographs of the transplanted tooth 3 years after autotransplantation.
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Figure 11. Dental radiograph of the transplanted tooth 3 years
after autotransplantation.

tissue cryopreservation, a suitable hold time is impor-
tant to allow the cryoprotectant to pass into the cell
membrane, and a suitable plunging temperature is
crucial for preventing damage from intracellular ice
crystal formation. We found that a 0.1-mT magnetic
field, a 15-minute hold time, and a plunging temperature
of —30°C led to the greatest survival rate (90% of cells
survived immediately after thawing) and viability rate of
PDL cells.™ A follow-up study showed no differences in
PDL cell appearance between those cryopreserved by
CAS for 5 years and controls.” Moreover, we investi-
gated periodontal healing after replantation of a rat
incisor that was cryopreserved by CAS.

No progressive root resorption was found in the
teeth that were replanted immediately (control group)
or cryopreserved.” Also in this case report, bone
regeneration, healthy periodontal ligament, and lamina
dura were observed 3 years after the autotransplan-
tation of cryopreserved tooth. Inflammatory root
resorption and replacement resorption were not
observed, and the transplanted tooth continued to
stay stable. These findings strongly suggested that a
CAS freezer can be used for long-term tooth cryo-
preservation and later for autotransplantation. Me-
chanical properties such as cracks and fractures of
cryopreserved tooth are also critical after autotrans-
plantation. Intracellular ice crystal formation increases
the width of the cells in the pulp and the size of the
odontoblastic dendrites localized in the dentinal tu-
bules. Then the expansion of the pulp tissue might
directly cause cracks in dentin and enamel. However,
Kahl et al.’ showed that cracks in dentin after
cryopreservation are absent or narrower than 1.84-
um. Therefore, we suppose that cryopreservation may
lead to only a very few cracks in the enamel.™
However, periodic checkups and more evidence
regarding masticatory function and periodontal healing
of many transplanted cryopreserved teeth are needed
through randomized clinical studies in the future.
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CONCLUSIONS

« We cryopreserved premolars extracted for orthodon-
tic treatment for 6 years.

« Three years after autotransplantation of cryopre-
served tooth, bone regeneration, healthy PDL, and
lamina dura were observed.

« Inflammatory root resorption and replacement re-
sorption were not observed. Therefore, a CAS
freezer is useful for long-term teeth cryopreservation.
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