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INTRODUCTION

Root resection, or apicoectomy is the surglecal removal
of a portlén of the root apex of a tooth, exposing in crossw
section the cementum, the dentin, and the root canal, with
its content of the remaining stump to contact with the cone
nective tissue of the bone. The outcome of thils operation
depends on the reaction of the connective tissue of bone to
contact with these exposed surfaces,

Though aplicoectomy has been practiced for a long time,
there 18 no general agreement on the final outcome. Thaere
exigts no unliform histological evidence regarding the type
of tissue covering the resected root and filling the bony
defect,

This axperlmantal‘atudy is intended to:

1, Investigate in detail the nature of dentsal tissue

ooveriﬁg the resected root surface and

2. The nature of the tissue fllling the defeet of the

bone.,




REVIEY OF LITZRATURE

I. CONCERNING THE EXPERIMENTAL APICOBCTOMY ON LABORATORY
ANIMALS:

Bauer, in 1922, studied root resection of root filled
teeth on cats., In his experiment six maxilliary canine teeth
were ressected at thelr aplces, and the cats were saorificed
after a pericd of one to six months, Bauer reported newly
formed cementum covering the trans-sected root stump on both
sides whioch in 1tg turn had grown over by the periodontal
membrane., Some osteold-llke tissue was found over the stump
of the resected root,

Buler, in 1923, performed aplcoectomy of root filled
teeth on the canines of dogs, sacrificing the dogs from six
to twelve weeks. He found no instance of complete healing
and observed varlous degrees of inflammation and abceas
formation.

Bauer, 1n 1925, agaln studied root resection using root
filled maxillary canine of three dogs and two cats, sacylie
ficing them from one to gix months, He found regeneration

of bone and periodontal ligament around the newly lald




cementum on the root stump. Eowavef, some specimens showed
aplcal abcess formation.

Sechachtel, in 1929, amputated the roots of ten maxillary
and mandibular root filled canines in three dogs, saorificing
them from one to six months. Seven specimens showed regenera=
tion of bone, perlodontal membrane and cementum and three
specimens showed infectlon and adbeess formation,

Hill, in 1932, studied fortye-eight teeth in dogs using
the second and third maxillary and mandibular inecisors., Two
techniques were used: The pulp was removed, and with %he
root canals unfllled, the coronal ends were sealed, Aftér
pulp removal, sterilized paper poiﬁta infeected with pure
culture of streptococecl were inserted into the root canal,
All of the teeth developed granulomas, He noted resorption
of the root surface and sald this condition is common on
the rootg of dog's teeth with granulomas,

0jha, in 1961, performed apicoectomy on vital lateral
incisors of ten healthy dogs. The animals were sacrificed
at intervals from twenty~four hours to six months, IExamie
natlon revealed that on the resected surface of the root
regsorption of cementum and dentin took place which was then

followed by laying down of a very thin layer of new cementum




on the 0ld cementum and a part of the dentin., The periodontal
membrane returned to normal after the initial inflammatory
changes, In the surglecal defect a periaplcal eyst lined with
stratified squamous epithelium was found in one six months
specimen,

Bisch, in 1963, performed aplcoectomy on teeth with vital
- pulpe in dogs, The second lateral incisor bilaterally was
uged as the operative site, The animals were sacorificed at
intervals of three weeka to six months, His findings wers:
the resected surface of the root was repalred by being covered
wlth cementum. In the surglcal defect, a residual periaploeal
granuloma was found,

IX, CONCERNING APICOROTOMY OF HUMAN:

The studles done on human material are from teeth that
had been treated and later extracted for some reason, Most
of the reports describad‘bnly the histological appearances
of the dental tisgue ocovering the resected root and not the
surrounding supportive structures, No study has been reported
in the literature on the histological appearance of an area
of aplecoectomy from human autopsy material,

Blayney and Wach, in 1924, reported a root ressction on

a mandibular left central incisor in a girl nineteen years




of age, Four years later the tooth was extracted hecause of
a small radiolucent area immediately surrounding the root end
was enlarging. On histologlic examination, a deposit of
calelified material was found on:certain areas of the exposed
dentin surface, and therse was an extension of fibrous connec=
tive tissue from the perlcdontal membrane covering most of
the surface,

Kronfsld, in 1928, reported of a mandibular second
premolar that had been resected the previous year because
of chronic apical periodontitis., He found a deposition of
secondary cementum on the oross~sectlon of the old cementunm
of the area reseoted.

Cook, in 1929, reported of a case where a granuloma on
the resected end 4f the root was found when the tooth was
extracted ten years after aplooectomy,

Ooolidge, in 1930, clted 2 maxillary left first blcuspid
tooth which was extracted fourteen years after resection., On
histologlc examination he found that new cementum had been
laid down, covering the entire surface of the resected dentin,
He also observed cementoblasts and a layer of uncalcified
cementum, Across the exposed gutta=-percha there was az dense

band of fibrous connective tissue without any sign of ine




flammatory reaction. Bundles of normal appearing fibroaé
connective tlssue extends from the surface of the new
cementum to the aivﬁélar bone,

,Alsanbarg;.ia 1931, reggrted a resected tooth that was
extracted féur’years later because the c¢rown had been frace
tured, Histologle examination, showed round cell infiltration
and yet new eémen?um was belng deposited in this area, Newly
formed periodontal flbers were found embedded in this new
cementunm,

Parrot and Wellings, in 1934, presented the case of a
twenty-five year old girl where the upper right lateral
incisor had a root resection and was extracted seven years
later. Ihay demonstrated apposition of new cementum over
the old cementum and dentin, The newly apposed cementum
in 1ts turn was covered by the periodontal ligament fibers,
Also, a graaulama was present,

Hoenlg, in 1935, reported six cages of resected human
teeth, These teeth had root canal fillings of gutta-percha
and iodoform cement, He found the deposition of new cementum
at the cut root apex to ocour simultaneocusly with the formation
of granuloma and ianfection,

Moen, in 1940, demonstrated regeneration of cementum




over the entire resected surface except the canal foramen
which was covered with eonnective tlissue, The new cementum
was then covered by the periodontal ligament,

Herbert, in 1941, reported the histologlec findings of
four root resected teeth, In two cases, there was regenera-
tion of cementum on the resected surface, In the other two
teeth, the resected surfaces remained free of new cementun,

Herbert, in 1943, agaln described a case of a thirty
Year old patlent whose upper left central inoclsor was resected,
He found newly apposed cementum covering the old cementum
and dentin over the resected surface., The granulation
tissue overlylng the canal showed round cell infiltration.

The results of aplcosotomy of human teeth as reported
by varlous investigators, have included infection, aboess
formation, eystic development and the normal repair of the

root and bony wound,




MBETHODS AND MATERIALS

Bight adult healthy dogs were used in this oxperiment,
They were intraperitoneally anesthetized wlt: 2an injeotion
of 5% Nembutal, 1 e¢.c. per 3} pounds of body weight,

Under aseptic conditions, an intrsoral inclsion was
made from the midwline of the mandible up to the distal border
of first premolar 2«3mm, below the crest of the ginglva with
a number ten blade, The mucoperiosteal flap was raised. The
thin labial plate of bone was cut with a flssure dburr to
make a window, The borders of the window was axtended towards
the coronal portion of the tooth with a rongeur for the ex=
posure of the apex, The aplcal 3«4mm. of the root was resected
and enucleated from the bony cavity.

With a small round burr access was made to the »ulp
canal through the lingual slde above the cingulum, The
pulp contents was taken out with a fine burr broach, The
root canal was enlarged by different sizes of reamers and
files to accommodate the smallest size (number 00} of
guttaupareha points, The pulp canal was washed with normal
saline. Sterile gutta-percha points were plugged into the




root .canals and the part towards the aplecal end was seélad
with a hot burnisher, The lingual opening ¢f the tooth

was closed with dental cement, The mucoperilosteal flap

was replaced and sutured with size 0000 black silk. Poste
operatively, the dogs were glven 600,000 units of Biclllin,
intramuscularly. . |

| The dogs were éaintainea on Purina Dog Food, Lolly~Pup,
Horse meat and water, They were kept under regular, periodic
observation., They were sacrificed at the intervals of
twenty-four hours, seventy-~two hours, one week, two weeks,
one month, two months, three months and six months., The block
of jaw cqntaining the tooth was sawed out and the specimen
was fizxed in 107 Formalin and submitted to the laboratory

for the preparation of serial microscoplc éactiona; The
sections wers out.at 12 mlerons and stained with hematoxylin

and eo3in and examined under microscope,
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Ho. Specimen Wte in Ibs, Date of Poatop. Date of
and Sex Surgery Sacrifice
1 24 nrs. 19, P 11/15/61 Unevent. 11/16/61
2 T2 hrs. 19, ¥ 11/13/61 " 11./16/61
3 1 wke 23, M 10/31/61 " 11/05/61
4 2 wks, 27, M 10/31/61 " 11/12/61
5 1 mo, 21, M 11/08/61 " 12/09/61
6 2 mos, 24, ¥ 10/27/61 " 12/27/61
7 3 mos. 35, ¥ 10/20/61 " 1/20/62
8 5 mos, 29, ¥ 10/27/61 " 4/29/62
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PINDINGS

24 Hours

The surgically ocut surface at the aplcal area of the %ooth
shows a falrly straight cut with the exposure of dental tubules.
The lumen of the dental pulp is fillled with dark staining
gutta~percha filling Qaterial.

The cementum 1s normal and attached to the dentin,

The periodontal ligament is detached from the cementum at
the very eud of the cut root apex. It is infiltrated by poly~-
morphonuclear leucocytes and shows slight edema. Pigure I,

The alveolar bone is mainly of the cortical type. The
defect 1s mostly in the cortical bone and extending into the
cancellous bone., The marrow gpace 1ls filled with few fragments
(filings) of bone and many polymorphonuclear leucocytes,

Plgure II,

The surgical defect 1s filled with a blood clot which
appears adherent to the bony and dental wells. Zolymorpho-
nuclear leucoeytes are found diffusely distridbuted within
the clot. Figures IV, and V,




12

12 Hours |

The ocut surface of the root apex is irregular and thus
expésed dentinal tubules to the periaplcal blood clot. Pigure
VII.

The lumen of the pulp canal contains grey-black staining
gutta-percha filling material,

The cementum appears normally apposed to the dentin, Also,
normal collagenous fiber bundles are embeddsed in the cementum,

The periodantal ligament at the very out end of the root
shows hyaline degeneration which are infiltrated with few
polymorphonuclear leucoeytes,

The alveolar bone tlssue is sharply cut and the surgloal
defect is filled with a blood clot. Pigure VI. The fibrin
econtalning enmeshed hemolyzing red blood e¢ells extend into the
ad jacent marrow spaces of the bone, Here also, polymorphoniim
cleay leuengytes infiltration 1s seen, The labial plate of
cortical bone is covered with a dense fibrous connective
tissue flap, The inner surface of the flap shows collagenous
fiber degeneration, d¢dema and polymorphonuelear leucocyte
infiltration, Pigure VIII,

Around the surgloa) defect vhere are seen ostenoclasts

in Howshlp lacunae on bone trabeculae lmmediately deep to
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the cut surface of bone. Mitotlc flgures of loose connective
tissue cells are seen in the adjacent marrow. Also, young
stellate cells and new blood vessels arising from the loose
sonnective tissue in the marrow space are moving into the

£ibrin at the periphery of the blood olot.

2 Weeks

The specimen shows an irregularly cut root apex. This
cut surface 1s one boundary of the apical surglical defeot
containing an organizing blood clot, The pulp chamber 1s
f£illed with grey-black granular guttaepercha filling materlal,

The cementum is normal,

The periodontal ligament shows little infiliration of
polymorphonuclear leucocytes and more of fibrosls as compared
to twentye-four and seventy~two hours, The acute inflammatory
process seems to be resolving at this time,

The surface of the alveolar bone is lined with osteo-
blasts apposing bone matrix, Much of the bone marrow contalns
differentiated fibroblasts and loose collagenous fibders,

The surgleal defect is filled wlth fibrous tissue
arigsing in the organized oclot., Also forming are new coarse

fibrillar bone trabeculae, The collagenous fibers ars
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loosely arranged containing fusiform fibroblasts and young
capillaries., Little osteoclastle activity ls seen on the
surface of bone trabeoculae of old bone. Plgure IX,

1 Month
‘The surgloally cut surface of the tooth apex is lrregular,
The pulp chamber is filled with dark grey<black granular
guttawpercha f£illing material., Osteoblastloc activity with
new bone formation 1 seen on the cut root surface, This
is in immediate continulty with new bone formatlion in the
periapical healing defsct, |
The periodontal ligament shows increased collagenous
fibrous tissue wlth new bone formatlon which also showa
apposition of bone on the cementum surface ereating ankylosls.
The osteoblastic and osteoclastic activities are seen
in the old alveolar bone, However, there appears to be a
Ynét gain in new bone tissue in the marrow spaces and upon
the eut surface of alveclar bone.
The surglcal defect containg many undlfferentlated
connective tissue cells of whioh some are transforming into
fibroblasts., Plasma c¢ells and polymorphonclear leucooytes

are soattered all over the field., Pigure X,
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2 Months

The out surface of the root 1s irregular and shows
osteoblastic aotivity with new bone formation and ankylosls
to alveolar bone, Mgure XI,

The cementum is increased in quantity and normally
apposed to the dentin,

The periodontal ligament shows dense fibrous tlssue
and new bone formation, Very little inflammatlien and a
small band of oconneotive tissue is seen between the newly
formed bone and root apex. There i3 resolution of the
fidrous connective tlssue adjacent to the alveolar bone
tissues by new bone formation in the surglcal defect.

The mucoperiostium shows evidence of acute iInflammatory
process surrounded by fibrous connective tissue. Pew plasma
cells and very little granulation tissue are seen wlthin

the actual fibrous oconnective tissue,.

2 Months
The resected tooth apex shows a fairly smooth and straight
surface., New bone formatlon 1s seen in the resected tooth
area and othesr areas of the tooth show resorption by osteoclasts.

The cementum 1s inereased in quantity and normally apposed
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to the dentin,

The periodoantal ligament fibers are swollen with
interstitial edema and infilirated wlth polymorphonuclear
leucocytes.

The osteoblastic activity is seen with the deposition
of new bone on the trabeculae of alveolar bone, The marrow
spaces are moderately infiltrated with polymorphonuclear
leucocytes., Plgurs XIII,

The surglcal defect is filled with dense fibrous tissue
of moderate vascularity which 1s inflltrated with plasma
cells and polymorphonuclear leucocytes. At the apex of the
root, there 1s a small granuloma composed of: polymorphonue=
¢lear leucocytes; lymphocoytes; plasma cells and fibroblasts,
and 1s surrounded by a Lidbrous connective tissue capsule,

Flgure X1I,

6 Months

The specimen shows the resected root surface covered
with new bone,

The cementum is increaged in thickness and 1s normally
apposed to the dentin,

The periocdontal lligament shows dense collagenous fiber
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bundles embedded in the alveolar bone and the cementum, Thers
i8 no evidence of any inflammatory cells.

The pulp canal apex is filled with capillaries and loose
young connective tissue cells,

Increased ostsoblastie activity is seen in the alveolar
bone with new bone formation, The marrow spaces are filled
with new blood vessels. Also, there is evidence of ine
flammation,

The surglcal defecot ig filled wlth mature fidbrous tissue

and new bone, Figure XIV,
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DISCUS3ION

Olinical examination of the specimen at the time of
gaorifice revealed no significant changes in the oral tissues,
The only evidence of the aplooectomy procedure was the presence
of a scar at the site of inecislon. Bisch, in 1963, reported
the same findings.

When the experimental aplcoectomy is performed on a
root filled tooth of a dog, immedlate protective response
oececured in the mucosa, perlodontal ligament, dentin, cementum,
alveolar bone and bone marrow, According to Boyd, in 1956,
no matter how aseptliec an operation may be it must lnevitably
be accompained by some degree of inflammation,

The sequence of events wlll be discussed accordinglys
the injury, proliferation, differentiation, repalr and.
resolution, | |

The trauma made by the experimental surgery causes
division of small blonod vessels namely arterioles, caplllaries
and wenules, with océuranee of corresponding hemorrhage in
the operative fleld. In a few minutes the blood looses

{ts fluidity and clots, whieh under the mleroscope consists
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of a mesh of very dellcate fibrils, among whieh were entangled,
as in a net, the red end white cells and many fragmented
platelets of the blood. The fibrils are compaéeﬂ of and
formed by the ccnversion of the fibrinogen of the plasma

from a soluble (hydrosal) into an insoluble form (hydrogel)
and thus forms a ¢lot (Bert and TPaylor, 1961).

The surglecal defect is tilled.with various elements of
an inflammatory exudate, chiefly fibrin bound together with
interlacing strands to form a firm clot. This c¢lot functions
by gluaing the adjacent structures together, which seals the
wound from any infeotion until the arrival of the polymorpho-
nuclear leucocytes and macrophages, and thus sets the stage
for repair. This stage cocurs within twenty-four hours. The
unorganized blood clot, in the surgically produced perlaplceal
alveclectony is adherent to the alveolar bone, cementum and
dentin, It thusly fills the surglocal defect and seals all
the surfaces,

After‘the firat day or two hemolysis of the red blood
cells occurs with the liberatlion of haemosiderin and heemoe
- $0idin pigments. The number of mononuclear cells 1s inorezsed
by the local transformation of primitive mesenchymal cells of
the connsective tissue into histlocytes whileh phagooytizes such




plgnents, r

There is prollferation of reserve'cannectivg tissue cells
which 1s totipotent. The osteoclast in Howship lacunae and
osteoblast of bone trabeculse as we gsee in the seventy-two hours
gpecimen are derived by the proliferation of the reserve connecw
tive tissue cells,

Once the mucoperlosteal flap 13 closed with sutures, the
narrow space hetween the apposed tissue becomes filled with
blood which coagulates to form a firm fibrin clot that fills
and seale the operative defect., Some neutrophils, lymphooytes
and monocytes are present at the margin of the lnelsion.

The young fibroblasgts from the fixed cells and the
sprouting endothellal cells from the adjacent capillaries
form a solld bud of growing endothelial cells, These growing
endothellal cella follow the course of the migrating fibrow
blasts along the fibrin meshwork, advancing at about the same
rate as fibroblasts. In three to four days the blood clot in
the wound becomes populated by the highly vascularized,
actively growing, connective tissue, a process referred to as
organization of the blood clot,

The oral eyitheliél cells proliferates from the apposed
edges of the flap to f111 the mucosal incision while the
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underlying fibroblastic proliferation is f£1lling up the
surgleal defect and thus the continulty of the oral epithelium
ig established,

Ooncurrently with the other injured tissue the cementum,
is 1laid down in one month over the resected end after
apleosctomy., This was also seen by Bauer, Buler, Hill, O0Jha,
Bisch and others,

The injury to the periodontal ligament and the perlostium
of the alveolar bone causes proliferation and differentiation
of connective tissue cells to form osteoclasts, After surglcal
removal of the tooth apex, the surface of the remaining.
tissues shows differentlation of osteoclasts which resoxbs
the dentin, the regulation of the extent of resorption is
not known., According to Sicher, in 1955, aging of bone
tissues contributes to the formation of osteoclasts and
bone resorption.

The small, scalloped resorptive defects on the dentin
i8 covered by newly apposed cementum, Sicher, in 1955, points
out that the funotional age of the tooth is only that of
the last layer of cementun,

In the present investigation, the new cementum is both

cellular and acellular and covers the resorptive defect
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of the dentin as a thin layer., This is mainly a normal
physiologlical reaction of repalr. This experiment confirms
the findings of Coolidge, Aisenberg, Olha and Blsech, that

a thin new layer of cementum is lald down on the 0ld cementum
and part of the dentin following thelr initial rssorption,

In the area of the surglcally created bony defect,
organization of the blood elot takes place and forms granue
lation tissue between the bone and the resected root end,

The differentiation from granulation tissue of voth osteoblasts
and flbroblasts are responsible for the new bone formation

and new flbers of the perlodontal ligament. Xew collagenous
fibers are eﬁbeaded in the new cementum as it 1s apposed to

the reseeted root, formlng the periapleal alveolar group

of fibers,

On the other hand, in the surgical defeet chronie
inflammatory reaction continues to operate more or less
- continuoualy for long period. In these chronie inflammatory
reactlons the degree of local injury is seldom sufficient
to restralin the repalrative reactions of the fixed mesenchymal
cells, Hence the phenomena of inflammation and repair may
go on hand in hand,

The face of granulation tissue i3 1n contact with the
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regected root and with cancellous bona‘whlch remaing ine
definltely the element of granulation tissue, e.g. capillaries,
and indifferent connective tissue cells. However, maorophase,
plasma cells and polymorphonuclear leucoeytes infiltrate
the area, that 1s why in three months specimen we see a
residual periapical granuloma.

In six months time the apleal tissue resolves by the
increased osteoblastic activity in the alveolar bons with
new bone formatlon and by maturation of fibrous connective

tissue,
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SUMMARY AND CONCLUSION

This investigation was undertaken to study the nature
of dental tissue covering the reseocted roct surface and the
nature of tissue filling the defsect of the bone, inght dogs
were used as expsrimental animals, The lower canine and
lower second lateral inelsor were used as the operstive site,
The animals wers sacrificed at the intervals of twenty-four
hours to slx months., The section of the Jaw containing the
tooth was fixed in 10% Formalin, embedded in paraffin and
atained with hematoxylin and eosin. The resected root and the
area of bony defect were examined in detail,

Gonclusion

1. The lumen of the dental pulp is filled with dark

staining gutta-percha filling material,

2, The cementum 18 normal and attached to the dentin,

The repalr of the resected surface is by deposition
of new cementum,

3. The periodontal ligament shows increased collagenous

fibrous tissue with new bone formatioﬁ which also

shows apposition of bone on the cementum surface
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creating ankylosis.

Inoreaged osteoblastie sctivity 1s seen in the alveolar
bone with new bone formation,

The marrow spaces are fllled with new blood vessels,
also there is evidence of inflammatlon,

The surglcal defect is filled with mature flbrous

tissue and new bone,




PIGURE I

Photomicrograph of twenty-four hours specimen shows
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infiltration of polymorphonuclear lsucocytes in the perio=

dontal ligament, a, (10X10).




FIGURE II

Photomierograph of twenty-four hours speclmen shows

dilated capillaries, a, b, the edematous marrow spaces are
infiltrated with polymorphonuclear leucocytes. Note the
osteoclastic resorption of the bony trabeculae, The lacunae

of the bone were empty and necrotic. (10 X 10).
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FIGURE III
Photomicrograph of twenty-four hours specimen shows

mitotic figures, a, in the periodontal ligament, b, near the
resected root surface, (10 X 40).




FIGURE IV

Photomicrograph of twenty-four hours specimen shows
perivascular mitotic figures, a, and the loose counnective
tissue in the adjacent marrow spaces, b, note osteoclastic

resorption, ¢. (10 X 40).
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FIGURE V

Photomlerograph of twenty-four hours specimen shows

fibropurulent elot, a, and surviving capillaries in the
surglecal defeet, b. (10 X 40).
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FIGURE VI

Photomierograph of seventy-two hours specimen shows
organized blood clot which extends into the adjacent marrow
gpaces, Note the young capillaries, a, and loose connectlive

tissue cells, b, around the clot border, (10 X 40).
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FIGURE VII

Photomicrograph of seventy-two hours specimen shows
periodontal ligament, a, at the resected root surface, b,
with infiltration of mlmarpmnmlear leucocytes, (10 X 10).
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PIGURE VIII
Pnotomicrograph of seventy-two hours specimen shows
stellate cells, a, new blood capillaries, b, and fibrin

clot, ¢, occupylng the surglcal defect. (10 X10).
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FIGURE IX

Photomlcrograph of two weeks specimen shows resorption
of the old bose, a, by osteoclasts, b, note f£ibrosis of the

new connective tissue at the apical yariadantiaﬁ* e, (10 X 40),




35

PIGURE X

' Photomicrograph of one month specimen shows apposition
of ﬁéW bone on old alveolar bone as indicated by the reversal
lines, Osteoclastic and osteoblastic activity are seen in
the alveolar bone, a. The adjacent surglcal defect is fllled
with fibrous conneective tissue, b, Infilitrated with polymorpho-

nuelear leucocytes. (10 X 10).
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PIGURE XI

Photomicrograph of two months specimen shows apposition
of new cementum on the resected root surface, Note the new

bone formation inm the old surgiocal defect, a,. (10 X 40).
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- PIGURE XII

Photomicrograph of three months specimen shows resorption
of the reseeted root surface, a, HNote the gutta-percha, b,

at the root apex and granulation tissue, ¢, (10 X 40).




38

FIGURE XIII

Photomierograph of three months specimen shows new bone
formation, a, The resected area 1s occupled by fibrous

connective tlssue, b, and granulation tissue, e, (10 X 10).




29

PIGURE XIV

Photomierograph of six months speclimen shows new

cementun apposition at the cut root surface, a. Note the

young trabecular bone in a moderately vascular field of

fibraus connective tissue,

surface, b, (10 X 10).

Artefact present at the resected
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