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Abstract . The upper right canine teeth of cats were moved distally by orthodontic devices. Examination of
changes in blood supply and resorption of alveolar bone were made by LM or SEM after injection of india
-ink or acrylic resin. Active rear resorption of the alveolar bone was observed on the pressure side. This rear
resorption began near the orifice of perforating channel interiors. The rear resorption was always ac-
companied by blood vessels located at the cell free zone of the periodontal tissue pressed into the perforating
channels. Resorption did not occur in the channels and no blood vessels were found there, but only in areas
away from periodontal space.

These findings suggest that, for rear resorption after pressure application there is a relationship between
the morphology and distribution of blood vessels and the distribution of pressure in perforating channels.
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B L 2% (Band material 0.08%3.8 mm, TOMY

Fig.1 Device applied to the cat teeth in palatal view (a) and labial view (b). The
upper right canine (C) is distally retracted by the preadjusted closed coil
spring (S). The starting load is 100 g. P3 : third premolar
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Fig. 2 Light micrograph of india-ink injected specimen showing the
distal area of periodontal tissue of cat canine on the non-

a .

b.

C .

experimental side.

Almost blood vessels in the wide bone marrow space (* *) and
in the periodontal space were cross-sectioned. Blood vessels near
the alveolar wall in the periodontal space are situated in the
hollow on the wall surface. Some are connected with the vessels
in the bone marrow by connecting vessels. There are few thin
vessels in the longitudinally sectioned figure. BAR=250 ym
Medium-power light micrograph showing small groups of blood
vessels (*) with small diameters. Most vessels of this group are
cross-sectioned. BAR=200 ym

These are occasional vessels crossing the periodontal space.
arrow : blood vessel, PC : perforating channel, B bone, C
cementum, D : dentin, P : periodontal ligament. BAR=100 xm
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Fig.3 Electron micrograph of the vascular cast specimen showing the distal part of the

periodontal tissue. Non-experimental group.

a . Blood vessels are distributed in the space between the alveolar wall and the root
surface. Thick as well as thin vessels make independent networks respectively.
Thick vessels run in the shallow groove on the alveolar wall parallel to the root axis.
Both of thick and thin vessels connect in a dense network of small blood vessels in
the cervical region (*). B I bone. BAR=1,000 um

b Thick vessels (BV) in the periodontal space make contact with the vessels in the
perforating channel (PC) at the orifice of the channel. BAR=10 um

¢ Thick vessels (double arrow) are occasionally accompanied by thin vessels (arrow).
BAR=200 zm

d. The numer and size of the perforating channels (arrow) in the 1/5 area of the
cervical side is smaller than in the 2/5-3/5 areas. BAR=1,000 xm

2. REHRTHEROMRE s ¢ # ORI b o THERERST 25380 o M9 I E
1) AEHEAEE b DRI T b B EEREA & KT & 12 (Fig. da)o KN
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Fig.4 Light micrograph of india-ink injected specimen showing the distal area of per-
iodontal tissue of cat canine after 7 days of distal retraction.

Regenerated periodontal ligaments are divided into two zones : an intra-degenerated
zone (IZ) and a cell free zone (*). Resorption of the alveolar bone begins at the area
near the outer border of CFZ. BAR=300 ym

Undermining resorption begins at the border between CFZ (*) and the un-degenerated
area. These are many osteoclasts on the resorption surface (arrow head), and many
small vessels appear around these resorption areas. Most of the vessels are shown cross
-sectioned. BAR=200 ym

Various perforating vessels in the alveolar wall. Resorption occurs in the perforating
channels near the periodontal space, but not in the channels (arrow) apart from the
periodontium. A part of the degenerated priddontium is passed to the large orifice of
the channels and show the morphology typical of CFZ (*). Many blood vessels in cross

the section are located near the CFZ. BAR=200 xm
* % [ bone marrow, BV [ blood vessel, RR : rear resorption, UR : undermining resorption,

B ! bone, D : dentin, P : periodontal ligament.

TRTwltF i o ME R, EMEEOIMIT 2H
HRERERE CEE SN, OIS 54T
AIREE & ERR D BRI G L ME S S ST,
FERIRH OB L TEFTHERNS A 5T, F
MEBRIE, S, S D EIEEONENI M -
TIAL, FIFAHC R 0 - TS PN b E1T
Tho IOH, WEEANOBRINEICTEL TETOA-
12% { DMEPBE S NIz (Fig. 4b), —7, PIZEMEI

BT AT IIMmOES E EFCEES  0FEEH
BERREREICBOL T, INDHDEHL OBEBRENIHT
V3 AR B B L 2 Bl OB I BRI R
EM, LWhYIERBOFRERRPEL Tk, Lol
MERCEHSASNTOBT HEEEL BN T 55
STERBERESE U Cwikhro7z(Fig. 4c), 2D LD %
BIRIGEBAC I B OB BEMIEN A4 &, TRIERALIZE
BLTIEHOATMENECHE N, £/, HiE
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Fig.5 Electron micrograph of vascular cast specimen showing distal area of per-

iodontal tissue cat canine after 7 days of distal retraction.

a_ The exposed bone not showing vascular casts on the surface corresponds to the
degenerated periodontium. Blood vessels usually run parallel to the root axis.
Thin vessels are more numerous than in the non-experimental specimens. Some
are connected with the perforating vessels (arrow). BAR=1,000 xm

arrow head : perforating channel,

b Small loops of blood vessel are found along the edge of the exposed alveolar
wall. Some are shown as a complicated small network or glomerular shape
(arrow head).

* : perforating channel. BAR=100 gm

¢ . The edge of the orifice of the perforating channel beginning the resorption is

always irregular and wide. The vascular loop (double arrow) and some secon-
dary loops (arrow) show near the orifice. BAR=50 ym

NSO B IR CEEE R ERINAAED, ThiC D, Z OEREIO-EEEEN XE O PG SERTRTE ESE L T
L CEAOMENA ST, JOX 5 wiREE, & BE s, 20L& REETERIOLE L T 8L
WEOHEZEO KRNI ID S FTHRES NI, T, o mE & EE L M\f@ﬁ?&’ &t (Fig.

Fri ke & A BAIER TS, 7 O RNERIC AT ARBL 40), 2D &S HEWINOE U EEERNOME X, B
LA TV REDA ST, Z ORI LA A7 HEHEL Rl T A YA TR TIEE DEFEIC 75>7b>1b S5TFEAED
HER D% < IFPE M £ HET T 5 [E AR 2R L Tk Rl s L TBE SR, i, EEERE TRV
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B FRE T, MEOHERITA S 2d -7z (Fig. 5a).
Z OUEIRE TR O ME 1, A L FRIC AL
FrfiviEBaohlz, L, TOHIRIHHLE
DFEBEL A ST, 6 OME S8 : ¥iT
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T EEEEREORORCIEEmMENLSNT, &
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BINE N — BB S LTz (Fig. 5¢), A& &
FACIERIC I, # OFREFIEA SN B EREORER N — 7
Ekdbiz, TON—7ORBTINE DI EMI
TEIN-7VNEBEEREIOEEL TV I EREroT
(Fig. 5¢) 6
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5, FEBE BB sz (Fig. 6a),

HEOBEEEED S 14 BEAR LB ERNOEL T
Wi WIS A &7 (Fig. 6b)s 2D X 5 2T, 2%
R ICNCT AWEETCEBEEN 2 ELMy 2w
DU A S LT, BEOERD & WERIC D S SR
Laaussoh, BEBEDEGVIFRIRENS LD,
BHOA S TR ME RS BN IEICRD S
iz (Fig.6b)e DX I BENDEL TR WEBET
i, WEROMMESEMT S 2 VIR L TEAZEE
Epoiz,

—7, BEZEHERNC X DEOmSEALTWw 23
B e &6 nT (Fig. 6c)e 2D XD 7% 2 RENCILAL 7258
DB AOBHE L EROEBE THERL T, &
NGEET 2 EBENF CTE U BRI EA, EEE

CBHECIGEELELAE SO o D EEZS

N7z (Fig. 6d) . BEROBINC & 2 BEEZE T BRI &
FEHERIN EDOETH AN (Fig.6e), TN o5DAIE
R IRIEASEIR T b B BRI IR & LA S
N3 ENEhroiz, WIREERD S HNIME TR
AR R [E ORGP HE G D A 5z,

2) MESHELR

MR B RE OB, T BRI, &2 51K
A BRE 2R LT Wiz (Fig. 7a) . BBEB L OEEHES

Fig. 6 light micrograph of india-ink injected specimen showing distal area of periodontal tissue of cat canine after 14 days

of distal retraction.

. However, resorption does not occur in most perforating channels (PC) in this specimen. In the channel with resorption,
the degenerated periodontium is pressed in to the orifice of the periodontal channel. BAR=200 ym

. Serial sections showing a perforating channel without resorption. Blood vessels (arrow) with india-ink are situated
apart from the orifice and longitudinally sectioned. BAR=100 xm

. Resorption began in two adjacent channels joined to make a larger resorption area (*) and to contribute to increased
regeneration of periodontal tissue. In the newly regenerated tissue, many blood vessels (arrow) run in various
directions. BAR=200 gm

. Blood vessels in some expanded channels as shown in Fig. 6-c, are connected with vessels in the bone marrow (arrow).
These connecting vessels appear as longitudinal sections, but as cross-sections near the periodontal space. BAR =200
um

. In the marginal region of degenerated periodontium, some resorption {(RR) occurred in the perforating channels joined
with the undermining resorption (UR) progressing laterally. These also contribute to increase regeneration of
periodontal tissue. BAR=200 ym

* % I bone marrow, IZ : intra-degenerated zone, B : bone, D : dentin, P : periodontal ligament.
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Fig.7 Scanning electron micrograph of vascular cast specimen showing

a .

advanced resorption after 14 days of distal retraction.
Exposed wall coincides with degenerated periodontium and shows irregular
edge. Resorption at the cervical edge also occurred with small vascular
networks (arrow). The exposed wall shows numerous perforating channels.
BAR=1,000 zm
Vascular loops between two adjacent orifices at the advanced resorption
stage are mediated by small vessels (arrow). These vascular connections are
also seen between the perforating channels located at near the edge and the
undermining resorption area (*). In the orifice with irregular contours of
perforating channels resorption occurred near the orifice, and vascular loops
are situated in the center of the channel and secondary loops of small vessels
are in the vicinity of resorbed channel walls. BAR=200 gm
Large resorption hollow with vascular loops {*). These always seems to be
some space between resorption surface and vascular loops (arrow head),
which were usually formed by secondary loops in these stage BAR=100 um
Blood vessels around the exposed wall run parallel to the root axis. These
vessels connect with each other to make vascular networks. Terminals of
those networks are situated in the hollow near the bone surface as small loop
or glomeruly (arrow head). BAR=250 ym
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Direct resorption

face, and resorption area around the degenerated
tissue. The undermining resorption begins rear the
outer end of the cell free zone (CFZ) in the per-
iodontal space, and rear resorption also begins
near CFZ in the perforating channels.
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Fig. 9 Relation ship between pressure distribution and the vascular by-pass loop after
steppage of blood flow in the perforating vessels, if the by-pass was formed in
the zone of “moderate pressure”, osteoclast precursors are activated and move
out from the vascular canal to differentiate into active osteoclasts.
a, b :In this case, the by-pass was formed in the “moderate zone”, here resorption

: Excessive force
: Moderate force
: Blood flow

: Alveolar bone

: Orthodontic force occurs.

Ry

- = i
< 'r Ir < lv

¢, d ! Resorption did not occur because no by-pass formed in the region from the
“moderate pressure” zone.
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