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An Experimental Study of Periodontal Tissue Injury and Root Formation in

Immature Rat Molar after Occlusal Trauma
Tomoyuki FUNAKOSHI

Department of Morphological Biology, Division of Pathology, Fukuoka Dental College
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Abstract : The damage of periodontal tissue and root formation were examined
in immature rat molar roots histopathologically and with scanning electron
microscopy. Occlusal trauma tended to occur more frequently in immature tooth
roots than in mature root counterparts. Periodontal tissues under compression
showed the proximity of the root and aloveolar bone, and were followed by the
curvature of the periapical Hertwig’s epithelial sheath or root contour and
sigmoid or other deformation of the tooth root. Consequently elaborate care
against occlusal trauma was speculated to be clinically necessary toward an

immature tooth root.
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a) XfME#E (Fig. 5-a, Fig. 6 -a, Fig. 7-a)

WHECIZ, (F ERIZ3~4Eo EEMRN D20 EREEREHIZEH T, 35 L&
DIEITTFT A —k X FEFIUCILE L, itk 1 BB REOFT R Th o7z, BKT
TOREEMILIZE 1T LA LEROHNT | FE LRSCEARMES ST, lHKDIKEE

EHRoNehole, RIKRWNICE T 2B TLERMNAEMEO R ST THAMNE —HiF L TH

5



ZEME —HAEITIZERECH o7z, FFBEOEMITEITLTEY, HROE I LR ES
o TWDHN, BRI 1 A BB S FE, WELRES SR UERTAEOREL
BLTWe, BEMOGFE, HEECHRIME O Hertwig LEZHHITNIE 1 H OXIHRAEL & <

WCEBII BN Do T, BB CIXIMMEN OB & 20 AR & & b IR I
Bl L, EL TV, WAEEIE, W1 BEBXRBELIZEALERAKROFTAZEL T,
b) EB#E (Fig. 5-b, Fig. 6 -b, Fig. 7-b,c)

WHRE CIL, (F ERIZ3~4EO EEMa» S0 EREREEIZFEH T, (5 B
DIEF T F A - A MEHICAE L, I3 Ao LA TH o7z, LR TFTO
SHEVEMBRIXIZ L A ERD DT, A BRSO W R AE e & 3o R & R AR TR
RREZ R L TWiz, 72720, FHAEMSE —F ko BT 5E G E o d & 28 F 52 M
RO D D MG EICE Y THEME—HELRETFTINTZ LBFEDIT,
AR CIX, % 1 BICAEUERAEMEMEOELIT I VEHE L oo Tz, IRAOIEEH I &
VR S O FU i AR Tk, AR & Al S I8 L TR0 . AR EENE o /M ME & i AR
28 ME, SBERENBEFICA LN, B[ ol E I L mEMmRic X sz Tk
WA A CTH Y . B L7 Sl CIT il R im 2 e MR IC X 28RS » bz,
EARDOEUUL & < IZHBNRp o T, WRMOENGF'E 1L, Hertwig L& & I
%1 B ERBEEFERRCHOICEMND D2 VI EENICEE LoBREERE L Tz, Bl

ToFEHI DG T FMITITE S N RLROARE T, RIS SR RBEIEII 4 Y 2k
SIS, T, RHAMRBFEORELZ R L, IMEER AT L DR RER T LK

DFEBNH ST, WAMERR CEM% 1A & REESNER S, R REEN A
<L P REARAE O E LT e, RO MR A 3 13 B A B T AR IR AE b

CHAN 72T 2R LT e, 2 oM, REEHZR EICL SICTEEFNEMTALN L2 -

—o

<ffit% 5 H >



a) XTHHE (Fig. 8-a,c).

WE T, firfe 3 B IRIE L RARICH & ERIE 3 ~4 8o LEME» b0 LA
S EH T AMAE EROEHIT= T A - A MEFRICHEL & ICERITAL L)
o7, EETFTCTOREMHMDIZELINGE 3 AXTBEELEFABIZEAERDONT . (H5F L&
R ABRMER SR RREEZ R L T, D&k, it 18, 28, 4O REO A
MTHIFLALFRBOFATHY, HAREIRO N o7, RFEIIM% 1B, 3H
DRI AN REAICRORCELS R BROBEF LT, BEoESITRLS 2o TWR,
MREITVELZBERKL TRAREREORETH 72, RRMOGFHE, il L ARG
O Hertwig LRZHHICIZINE 1 H, 3 AOXMBBELFEET, ZRITA LN 0T, BEHE
OWREE IIZDTNICE AL NEOBERAHG ST\ ie, EARBIE AR S 2 E
EAH L, EMMESEEMNICEIIL, ROEEL W, EHEEICONTIE, it 1B, 3
HxtMRBEE L FERTIE & A EELITA LN Do T2,

b) FEBEE : (Fig. 8-b,d, e)

B Tlk, FHE ERIEIN 2 5 A X IRBE L AR T, FHE ERIE 3 ~4 B0 LM &
720 EREEMITEHE T, MG EREOEBITZ= S A V- Ay MEFICMEL, & ITE
fbixHonieinolz, EE T TORIEEMIZME LM% S AXREELFEAKIZLEALERD L
T, FE BRSO AR SRR RIREAE R L T\, L. RIRErC X 281821
BT, 1514 3 A EBREE & Rk LR EMEOS SIX TFHEANSE AW THEANE
—HEDOHFDRRRIEAMTH Y | MEEREIC LD THEMSE —HEOETRELNTL, =
DX A OREITL L, ik 1HE, 28, ABICbFEETHoZ, RFEILHZS5 A
HREE L AARCCIE A A L, HBEEDS R 2 I 2o TE TV A A, MR TIIMRARSE
DR AE T do o 7o AR 43 IS 35 I OV S MU i o> JE 38 ) CUT g AR IR ZE A3 g /M LTI ) |
BRI AR AME D EAT RO AR CTH o 7oA, HAR & B 238 L. AR AN L < gz
L7722 RV T FAEMERCBEIRITIZE A E AN RS o TEY . WREOCBEEMEE(L
NAELTTWD Z Engbhi, REMOBME TITERE & EEENEHEL TRY . HRE

7



MELUSRAE LT CIIwRBEOZEME, AN E T, —H Of] T ClIi R @ AEEE S
AT, HREDOWH I Z D 2 EHHE R EMIME R B B v, SARNE O P42 EE It /B
PEBER S RIS LD W D 28 THERINAET L, RN 2V —HMiER L
Tz, REMOGFEIX, WANCEE SN T RN RS FE LB ICER SR
BAIZLEFER R &, ARASGFEIL, Ao PRk L, hEhgFEg L
LTHERENT W, ZOEBEORFFEME OB oI i U CRBANSA S
2o DT, 1ZEALEDOBITRREONE 22 RFEIIRIGT D Hertwig LRI E & HITHE
a2 VTR BEMNCZEE L TR0, iz, O ROE DR O AU M A L
TW5HDOH4 L TWiz (Fig. 9-a,b,c), Hertwig b 52 ¥ o o i (] C 1 5k BB & [RIAR 1T &
FHEMBEA S, FEE, LHE~MAEROGFFMRENE NN E R G FE 2R LT
Wiz, ERBETITIVWT N O EROMENA B, Hertwig LR O BEARIE K EE 2 & L <
[EESLEEOREMANGITA LRI o T, RERAEM O EGMAITIX, R ER 2R
<. HARMED FAEAMED BT BT, WAL Z R L Tz, Z oM, REwEHE &I

ELICHEFNZLITZA N R T,

<A 136 >
a) XFHEE : (Fig. 10-a,c)
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Figure legends.

Fig.1

a . Experiment of traumatic occlusion. A 21 day-old rat. The photograph of the mouth with
pasted up photo polymerization resin on the occlusal surface of the first molar of the
upper jaw, left side

b : The Schema of the experimental method of an occlusal trauma

Fig.2

a: The control group on postoperative day 1; The first immature molar rootof the lower jaw,
right side.

b: The experimental group on postoperative day 1; The first immature molar root of the lower

jaw, right side. H-E staining of the sagittal section; original magnification : x40

EREE (b) : KAMEAEIC L B ML OJE FAA U, HAREIC T AR A3 AR 53 Iz 350 S0 AR 4 T8
FEE AT TWD.

Fig.3

a: The control group on postoperative day 1; High magnification at the furcation area of
Fig. 2-a. The periodontal space has equal width. H-E staining of the sagittal section;
original magnification: x100.

b: The experimental group on postoperative day 1; High magnification at the furcation area
of Fig. 2-b. Constriction of the periodontal space has arisen in the furcation area. H-E
staining of sagittal section; original magnification : x100.

c: The experimental group on postoperative day 1; The apical area of the root and the alveolar
bone has approached and constriction of the periodontal membrane has arisen. H-E staining
of the sagittal section; original magnification: x40.

d: The experimental group on postoperative day 1; High magnification of Fig. 3-c. Atrophic
change of a pulp cell is seen in the pulp of an apical area. H-E staining of the sagittal

section; original magnification: x60.

K FREE (a) « AR 20 I8 o> o AR I IE D 1R 55 © L fEE RREBICH D .

EBRAE (b) ARy I EF O B AR LS (T8I KV B/Me S Hu, AR ITAE &R, BN A LD
(K EH)

BB (c. d) : RAMAEICT LD M1 OJE T, ARKHE O ERERE O /ME, AR O % FE 08
WROERR ENBOLND. BRI OMMITILAEL, 5 oMmaEE T, MR OO LM CTHAHE
o HE B ITREOEBEEEMRB LN D .

Fig. 4

a, c: The control group on postoperative day 1; The periodontal space of the apical side
has an equal width in the buccal and lingual side, and a healthy state is seen in the
periodontal membrane.

b, d: The experimental group on postoperative day 1; In the medial root, pressure arises
in the buccal surface, an apical area is approached at an alveolar bone, and apical dentin
is curved to the lingual side with the Hertwig’ s epithelial sheath. H-E staining of the

coronal section; original magnification: x40(a,b), x60(c,d).

FHAE (D) FEE AR R M o B EIC . I FEICAELTND,
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Fig. 5

a: The control group on postoperative day 3; Gingiva of the col part between teeth and healthy
gingiva is present.

b: The experimental group on postoperative day 3; Gingiva of the col part between teeth and
healthy gingiva is present. The first molar was depressed by traumatic occlusion, and the
difference of the height of a gingival-epithelium adhesion part from the second molar has

appeared. H-E staining; original magnification: x100.

B (a) © RRAEOEMIZT S AL - A PERCAELTVD,
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Fig. 6

a: The control group on postoperative day 3; Periodontal space of the furcation area
is maintaining equal width.

b: The experimental group on postoperative day 3; Although constriction was seen in
part

the periodontal space of the furcation area and it was accompanied by hyaline
degeneration .

and necrosis, many osteoclasts appeared in the alveolar bone and undermining
absorption

has arisen. H-E staining; original magnification: x100.

XEHARE (a) @ BARMBEIE I E T, HREIIEE TH D,
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Fig. 7

a: The control group on postoperative day 3; Root apex is in an immature state, and

a periodontal membrane is an equal width on the buccal and lingual side, and periodontal
ligament fibers also show functional arrangement.

b, c¢: The experimental group on postoperative day 3; Although the apical area of the medial
root is elongated a little, the buccal surface constriction of aperiodontal space arises
and the root is curving irregularly to the lingual side like on the postoperative day 1.

H-E staining of the coronal section; original magnification: x60(a,b), x100(c)

SEERTE (boe) - AR ORI ) THAR & FREE 28T L, IRAREORFE L Hertwig b AHY
LehizEHEMICBEMLTWD,

Fig. 8
a, c¢: The control group on postoperative day 5; A periodontal membrane is an equal width
at the buccal and lingual sides, and periodontal ligament fibers also show a functional

arrangement.
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b, d: The experimental group on postoperative day 5; In the part of the periodontal space
that was remarkably constricted, the degeneration of a periodontal membrane and a necrosis
are seen and undermining absorption is progressing.

e: The experimental group on postoperative day 5; Dentin and an alveolar bone approached
the buccal surface of the apical area, and the liquefactive necrosis, or constriction of
a periodontal membrane, is recognized. Dentin is strongly carved to the lingual or dental
pulp side with a Hertwig’ s epithelial sheath, and formation

of irregular dentin is also recognized. H-E staining of the coronal section; original
magnification: x40(a,b), x60(c),x50(d,e).
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Fig.9

a: The experimental group on postoperative day 5; The dentin of the apical area of the medial
root or distal root is carved a little in the medial direction, and the Hertwig s
epithelial sheath is also curved irregularly. H-E staining of the sagittal section;
original magnification x40.

b: The experimental group on postoperative day 5; Medial root

c: The experimental group on postoperative day 5; Distal root. H-E staining; original

magnification: x60.

EBREE (a, b, ¢) RN EBR, O RNS E S B, RREITRO ST LRI A,

Fig. 10

a, c¢: The control group in postoperative week 1; H-E staining of coronal section; original
magnification: x40(a), x50(c).

Fig. 10-b, d, e: The experimental group in postoperative week 1; Medial root. The constriction
of a periodontal space, curve of a root to the lingual side and formation of irregular
dentin are seen at the buccal surface of the apical area. H-E staining of the coronal

section; original magnification: x40(b), x50(d) x60(e).
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Fig. 11

a: The experimental group in postoperative week 1; The dentin of an apical area is curved
to the lingual side or in the shape of an “S” . The periodontal membrane is also partly
constricted.

b: The experimental group in postoperative week 1; By the curve of the root in the apical
area, the apical foramen became constricted, and malformation of a root has appeared
On the buccal surface, constriction of the periodontal membrane has been partly recognized.

H-E staining of the coronal section; original magnification: x60.
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Fig. 12

a: The control group in postoperative week 2; Although the root grows and extent and formation
of dentin is advancing, the root is in an immature state

b: The experimental group in postoperative weeks 2; The first molar was slightly depressed
In the periodontal membrane of the furcation area, recovery by absorption of the alveolar
bone progresses and it has recovered a nearly normal width.

c: The control group in postoperative week 2; The width of a periodontal membrane is also
equal.

d: The experimental group in postoperative week 2; In the periodontal membrane of the
furcation area, recovery by absorption of the alveolar bone progresses and it has recovered
a nearly normal width.

e: The control group in postoperative week 2; The width of a periodontal membrane is also
equal.

f: The experimental group in postoperative week 2; The curve of the root of an apical
area is seen, but the periodontal membrane has recovered a nearly normal width by
progressing absorption of the alveolar bone. H-E staining; original magnification:
x20(a, b), x100(c, d), and x50(e, f)
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Fig. 13

a: The control group in postoperative week 2; The root grows and the extent and formation
of dentin is advancing.

b: The experimental group in postoperative week 2; The apical area is slightly presenting
the shape of an “S”

c: The experimental group in postoperative week 2; On the apical area buccal surface,
absorption of a root and an alveolar bone progresses and many Hawship’ s lacunas and
osteoclasts are seen.

d, e: The experimental group in postoperative week 2; The dentin of an apical area is curved
irregularly, and also the malformation of a root and constriction of an apical foramen
are seen by formation of dentin or cementum. H-E staining of the coronal section; original
magnification: x50(a), x60(b), x100(c), x60(d)and x50 (e).
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Fig.14
a: The control group in postoperative week 4; The root is growing straight and a healthy

state is seen in the periodontal membrane
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b: The experimental group in postoperative week 4; the root is curved and absorption is
partially seen on the side of the root.

c¢: The experimental group in postoperative week 2; The S-like curve of the root is seen and
constriction of a periodontal membrane is still seen on the apical area buccal side. H-E

staining of the coronal section; original magnification :x40.
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Fig. 15

a, b: The experimental group in postoperative week 4; Cementum is formed relatively thickly
so that the curve may be rectified to the field of the S—shaped H-E staining of the coronal
section; original magnification: x50.

c: The experimental group in postoperative week 4; The finding which makes The adhesion of
cementum and an alveolar bone at part of apical area is also seen. H-E staining of the

sagittal section; original magnification: x50
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Fig. 16

a, b, c¢c: The experimental group in postoperative week 4; A remarkable curve to the medial
root surface and an irregular shape of the root are seen. The periodontal space has almost
an equal width. H-E staining; original magnification: x30(a), x60(b), x40(c)
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Fig. 17

a: The control group in postoperative week 1; The root is growing straight

b: The control group in postoperative week 2; The medial root is a little elongated and
formation of the secondary cementum is also seen in the apical area surface

c¢: The control group in postoperative week 4; The medial root is further elongated. Scanning

electron microscope image. Scale bar, 500 p m.
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Fig. 18

a: The experimental group in postoperative week 1; The apical area is curving to lingual
side. The apical area of the root is wide—open and in an immature state.

b: The experimental group in postoperative week 2; The apical area is curving to the lingual
side. The secondary cementum is formed in an apical area and a rough surface is present
c: The experimental group in postoperative week 4; The apical area is curving and prolonged
to the lingual side. The secondary cementum is also formed in an apical area Scanning

electron microscope image. Scale bar, 500 u m.
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