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Table 1  Experimental groups and numbers of submerged roots.
. Numbers of submerged roots in each period
Experimental
roups Total
g 7 14 28 56 180 540,/ days
Submerged vital 6 1 10 10 9 1 47
roots
Submerged endodontically 5 4 7 7 8 1 39
treated roots
Total 11 15 17 17 17 2 79



172

(3 Dentin
A

Fig.1 Diagram of the root submergence.
A.S.R. : Amputated surface of the

root.

A.S.D. : Amputated surface of the
dentin.

A.S.P.: Amputated surface of the
pulp.

The crowns were amputated at a
level Imm below the original alveolar
crest.
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Fig.2 Photomicrograph of the coronal
region of a vital root seven days
after it’s submergence. The region
between mucous membrane flap and
the amputated surface of the dentin
is filled with blood clot and
granulation tissue, H.E. stain, X13.
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Fig.3 Submerged area of vital root, 14 days
after.

Granulation tissue over the amputa-
ted surface of the dentin was organized
to connective tissue. Collagen fibers
in the connective tissue did not
infiltrate the root canal. An odonto-
blastic layer lined in the walls and
inflammatory infiltration was not
absent within the root canal, H.E.
stain, X13.
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Fig.4 The coronal region of vital root 21
days after submergence. The
formation of secondary dentin bridge
begins at the edge of amputated root
canal (arrow), H.E. stain, X20.
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Fig.5 The coronal region of vital root 28 days after submergence.
a : The formation of new bone over the amputated surface of the dentin
begins from the alveolar bone (arrow), H.E. stain, X8.
b : The secondary dentin plugged the orifice of the amputated root

canal (arrow), H.E. stain, X33.
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Fig.6 The submerged area of vital root, 56 days after.

a : The coverage of the amputated surface of the root with new bone
is advanced (arrow )and the plug of the orifice of the root canal
with secondary dentin is accomplished at this stage, H.E. stain,
X10.

b : A higher magnification of “a” makes it clear that the secondary
dentin (D.B.) contains dentinal tubes and predentin layer. An
intact odontoblastic layer lined the walls of the root canal. The
osteocementum (0O.C.) is observed on the amputated surface of the
dentin. At this stage the new bone (N.B.) is immature, H.E. stain,

x28.
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Fig.7 The submerged area of a vital root, 180 days after.
a : The coverage of the amputated surface of the dentin with new bone
is accomplished and became more compact than previously, H.E.

stain, X7.

b : A higher magnification of “a” makes it clear that the new bone
(N.B.) contains Haversian systems and lamellar structure. The
area between new bone and osteocementum (0O.C.) filled with fatty
tissue. The orifice of the amputated root is plugged with the
osteocementum (0O.C.) and the dentin bridge (D.B.), H.E. stain,

X16.
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a : The submerged area of a vital root (Right) and of an endodontically
treated root (Left), 540 days after. The layer of new bone in this
specimen is narrower than in the previous specimen, and the
fatty tissue area is larger in the vital roots. The ankylosis
between root cementum and alveolar bone was observerd, H.E.
stain, X2.5.

b : The periosteal-like tissue (P.T.) is observed in proximity to the
surface of the osteocementum (0O.C.) which contains cementum-
lines in the vital root, H.E. stain, X20.

Fig.9 The coronal region of an endodonti-
cally treated root seven days after
submergence. Inflammatory cellular
infiltration in the granulation tissue
over a gutta-percha point, apparently
greater than in the vital root, H.E.
stain, X13.
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Fig.10 The coronal region of an endodonti-
cally treated root 56 days after submer-
gence. The new bone (arrow ) was
formed over half the amputated
surface of dentin. This only occured
in one case, H.E. Stain, X7.

The coronal regin of an endodontically treated root 540 days after
submergence.

: The new bone (N.B.) was formed over the amputated surface, H.E.

stain X10.

: A higher magnification of “a” makes it clear that the new bone

(N.B.) contains lamellar structure and the area between the new

bone and osteocementum (0.C.) is filled with connective tissue,
H.E. stain, X20.
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over submerged roots.
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WISV 3 208t 6 Bl D B TdH - 72 (Table 4)o
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Histological evaluation of inflammation with submucosal connective tissue

Numbers of submerged roots in each period

Experimental Evaluation of
groups inflammation 7 14 28 56 180 540, days
Submerged No evidence 0 0 5 7 7 1
vital Mild reaction 0 7 2 3 2 0
roots Moderate reaction 4 4 1 0 0 0
Severe reaction 2 0 2 0 0 0
Total 6 11 10 10 9 1 47
Submerged No evidence 0 0 3 2 0 0
endodontically Mild reaction 0 1 2 4 2 1
treated roots Moderate reaction 0 3 2 1 5 0
Severe reaction 5 0 0 0 1 0
Total 5 4 7 7 8 0 32
Total 11 15 17 17 17 2 79
Table 3  Histological evaluation of pulpal tissue of submerged roots.
. Evaluation Numbers of submerged roots in each period
Site of
ulpal tissue of 'pulpal
P tissue 7 14 28 56 180 540,/days
Coronal No inflammation 2 2 6 7 7 calcification
site Mild inflammation 3 4 1 3 2 of pulp
Moderate inflammation 1 5 0 0 0 chamber
Severe inflammation 0 0 1 0 0
Necrosis.”Gangrene 0 0 2 0 0
Total 6 11 10 10 9 1 47
Apical No inflammation 4 6 8 7 9 1
site Mild inflammation 2 5 0 3 0 0
Moderate inflammation 0 0 0 0 0 0
Severe inflammation 0 0 0 0 0 0
Necrosis,” Gangrene 0 0 2 Q 0 (]
Total 6 11 10 10 9 1 47
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Table 4 Histological evaluation of dentin bridge formation across the coronal extent
of the chamber.
. Evaluation of Numbers of submerged roots in each period
Experimental . .
FOUDS dentin bridge
group formation 7 14 28 56 180 540/days
Submerged No evidence 6 11 6 3 3 calcification
vital Minimal 0 0 1 4 3 of pulp
roots Half 0 0 0 1 0 chamber
Entire 0 0 3 2 3
(in each pulp chamber
amputation surface)
Total 6 11 10 10 9 1 47
Submerged No evidence 5 4 7 7 8 1
endodontically Minimal 0 0 0 0 0 0
treated roots Half 0 0 0 0 0 0
Entire 0 0 0 0 0 0
(in each pulp chamber
amputation surface)
Total 5 4 7 7 8 1 32
Total 11 15 17 17 17 2 79
Table 5 Histological evaluation of hard tissue (osteocementum ) formation over the

dentin amputation site.

Evaluation of

Numbers of submerged roots in each period

Experimental
roups osteocementum
g formation 7 14 28 56 180 540,/ days
Submerged No evidence 6 10 2 0 0 0
vital Minimal 0 1 5 2 0 0
roots Half 0 0 3 8 1 0
Entire 0 0 0 0 8 1
(in each dentin
amputation surface)
Total 6 11 10 10 9 1 47
Submerged No evidence 5 4 6 0 4 0
endodontically Minimal 0 0 1 6 4 0
treated roots Half 0 0 0 1 0 0
Entire 0 0 0 0 0 1
(in each dentin
amputation surface)
Total 5 4 7 T 8 1 32
Total 1 15 17 17 17 2 79
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Table 6 Histological evaluation of bone regeneration over submerged roots.
. Evaluation Numbers of submerged roots in each period
Experimental
OUDS of bone
group regeneration 7 14 28 56 180 540/ days
Submerged No evidence 6 10 5 0 0 0
vital Minimal 0 1 5 3 1 0
roots Half 0 0 0 4 1 0
Entire 0 0 0 3 7 1
(in each dentin
amputation surface)
Total 6 11 10 10 9 1 47
Submerged No evidence 5 4 6 2 7 0
endodontically Minimal 0 0 1 5 1 0
treated roots Half 0 0 0 0 0 1
Entire 0 0 0 0 0 0
(in each dentin
amputation surface)
Total 5 4 7 7 8 1 32
Total 1 15 17 17 17 2 79
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Abstract : An experimental study was conducted to improve the prosthetic and surgical
results of the root-submergence procedure. Crowns of four mandibulars were amputated
at a level Imm below the original alveolar crest. Vital and endodontically treated roots
of nine dogs were submerged and studied histologically over a period of 540 days
postoperative period.

In the vital root submergence group, a dentin bridge at the pulp amputated surface,
new bone over the root amputated surface, and osteocementum on the dentin amputated
surface were formed 4 weeks after the operation. These tissues continued to mature.
The thickness of the new bone 540 days after the operation was less than in the early
stage of the experiment.

On the other hand, these reparative processes of hard tissues were somewhat delayed in
the endodontically treated submerged roots. The findings obtained in this study suggest
the following : A reparative process of the vital submerged root was mostly
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accomplished in the early stage, 180 days after the operation. It was thought to be good
for the formation of dentin bridges if roots were amputated at a level Imm below the
original alveolar crest. In the endodontically treated submerged roots, it was found
favorable to place some bio-compatible material on the amputated root canal surface.
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