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Mineral Trioxide Aggregate (MTA) has been shown
in a number of experiments to be a potential root-
end filling material. The purpose of this study was
to examine the periradicular tissue response of
monkeys to MTA and amalgam as root-end fillings.
The pulps were removed from all the maxillary in-
cisors of three monkeys. The root canals were pre-
pared and filled with laterally condensed gutta-
percha and sealer, and the access cavities were
restored with amalgam. Buccal mucoperiosteal
flaps were raised, and root-end resections were
performed before root-end cavity preparation with
burs. The root-end cavities in half of the teeth were
filled with MTA, while amalgam was placed in the
other cavities. After 5 months the periradicular tis-
sue response was evaluated histologically. The re-
sults showed no periradicular inflammation adja-
cent to five of six root ends filled with MTA; also
five of six root ends filled with MTA had a complete
layer of cementum over the filling. In contrast, all
root ends filled with amalgam showed periradicu-
lar inflammation, and cementum had not formed
over the root-end filling material, although it was
present over the cut root end. Based on these
results and previous investigations, MTA is recom-
mended as a root-end filling material in man.

An experimental material, mineral trioxide aggregate (MTA), has
recently been investigated as a potential alternative to the presently
used root-end filling materials (1-9). The sealing ability of MTA
has been shown in dye and bacterial leakage studies (1-3) to be
superior to that of amalgam or SuperEBA. The cytotoxicity of
MTA was investigated, using the agar overlay and radiochromium
release methods (7) and found to be less than that of IRM or
SuperEBA. With implantation of MTA in Guinea pig mandibles
(8) no observable difference was found between MTA and Super-
EBA. Furthermore, the use of MTA as a root-end filling material
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in dogs provided superior results to amalgam, and it has been
shown to have an inductive effect on cementoblasts (9).

The purpose of this study was to investigate the response of
periradicular tissues of monkeys to MTA and amalgam when used
as root-end filling materials in teeth in which bacterial contami-
nation of the root canals was avoided.

MATERIALS AND METHODS

The left and right maxillary central and lateral incisors of three
healthy 4-yr-old Cynomolgus monkeys, each weighing 12 to 15 Ib,
were used in this experiment. The procedures were carried out
according to the guidelines approved by the Research Committee
of Loma Linda University. Anesthesia was provided by an initial
intramuscular injection of 0.5 ml Ketamine (Fort Dodge Labora-
tories Inc, Fort Dodge, IA) and 0.05 ml Rompun (Miles Inc,
Shawnee Mission, KA). This was supplemented by intraoral local
anesthesia obtained by buccal mucosal infiltration of 2% lidocaine
with 1:50,000 epinephrine.

The teeth were isolated with rubber dam and the pulps exposed
through a standard occlusal access opening. The root canals were
debrided and enlarged to a #40 size master apical file. The root
canals were obturated with laterally condensed gutta-percha and
Roth root canal sealer (Roth International Ltd, Chicago, IL)) before
restoration of their access cavities with amalgam.

Periradicular surgery was carried out 1 week after root canal
obturation. A full thickness buccal mucoperiosteal flap with two
vertical incisions (mesial of first premolars) was raised to gain
access to the periradicular tissues of the four maxillary incisors.
After reflection of the flap and removal of the cortical bone with
a #6 round bur in a high-speed handpiece with the use of copious
sterile water spray, the unerupted maxillary cuspid teeth were
removed to allow the incisor roots to be resected at the juncture of
their apical and middle thirds with a fissure bur under constant
sterile water spray. Root-end cavities were prepared to a depth of
2 mm using a #2 round bur in a high speed handpiece and sterile
water spray. The root-end cavities on one side were randomly
selected to be filled with zinc-free amalgam (Kerr Manufacturing
Co, Romulus, MI) and on the other side with MTA (Loma Linda
University, Loma Linda, CA). The surgical flaps were sutured with
absorbable gut sutures, and the animals were placed on a soft diet.
Each animal received an intramuscular injection of penicillin fol-
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TasLe 1. Histologic findings in periradicular tissues of root
ends filled with amalgam or MTA.

Amalgam MTA
No. Roots ] ]
Concentration of inflammation 4 5 15
Severe: 5 2 MO 5 H
Moderate: MO
Mild: MI
Healed: H
Width (mm) of inflammation 1 1.0 1 1.0

5 05 5 Healed

Predominant cell 6 L 1L
Macrophage: M 5 Healed
Polymorph: P
Lymphocyte: L
Fibrous 4/6 w8
Capsule
Yes/Total
Cemantum aver material 06 5/6
Yes/Total
Cementum over root end 66 6/6
Yes/Total
New bone formation &6 6/6
Yes/Total

lowing surgery as well as analgesics for 3 days. The animals were
monitored daily for 1 week for possible postsurgical complica-
tions; however, healing took place uneventfully in all animals.

The animals were reanesthetized 5 months after surgery and
perfused with 10% huffered formalin. Block sections containing
incisor teeth and their surrounding tissues were then removed and
placed in formalin for 2 weeks. The specimens were demineralized
in EDTA, embedded in paraffin, and sectioned buccolingually at a
thickness of 6 pm. Step-serial sections at approximately 50 pm
intervals were stained with hematoxylin and eosin, Masson's
trichrome, or by the Brown and Brenn method.

Concentration, extent of inflammation, and predominant inflam-
matory cell type in the periradicular tissves adjacent to the root-end
filling malerials were recorded. The severity of the inflammation
was recorded as: none, no inflammatory cells; mild, few inflam-
matory cells; moderate, inflammatory cells did not obscure the
normal tissues; and severe, inflammatory cells replaced normal
tissues, The extent of inflammation from the surface of root-end
filling material was recorded as < 0.2 mm, = 0.5 mm, or = | mm.
Presence or absence of bacteria within the teeth, a fibrous capsule,
cementum deposition on the root end and root-end filling materi-
als, and new bone formation were also recorded. Histopathologic
examination of the specimens was performed by two investigators
Jointly without knowledge of which material had been placed in the
rool end.

RESULTS

A total of six amalgam and six MTA samples were available for
histolagic examination. The histopathologic findings are summa-
rized in Table 1. The periradicular tissues of all Toots with amal-
gam as the root-end filling matenal had moderate to severe in-
flammation (Fig. 1), while only one root that had been filled with
MTA displayed inflammation, which was severe. When amalgam
was used as the root-end filling material, lymphocytes were the
predominant inflammatory cell in the bulk of the lesions: however,
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Fic 1. Tissue response to an amalgam root-end filling. (4) MNew
cementum has grown over the cut root-end dentin but not over the
root-end filling, where there is inflamed connective tissue (Original
magnification =20). (B) The connective tissue over the root-end
filling has a moderate infiltrate of inflammatory cells (Original mag-
nification =50, Hematoxylin and eosin).

close to the amalgam polymorphonuclear leukocytes were fre-
quently observed. A fibrous tissue capsule was found over most
amalgam root-end fillings.

Cementum formation was observed over the dentinal surface of
the resected root ends for both groups, but it was not seen over any
of the amalgam root-end fillings. In contrast, a thick layer of
cementum was present over five of six MTA root-end fillings (Fig.
2); an incomplete layer had partly formed over the other. The
cementum showed incremental lines (Fig. 3); in some places peri-
odontal fibers could be seen inserted into the new cementum (Fig.
4).

Bacteria were not observed at the root ends or in the root canals
of any teeth. New bone formation occurred after periradicular
surgery in the site of the former apex, regardless of the type of
root-end filling material placed in the remaining root.

DISCUSSION

The number of roots in this study was small becavse of the
limited number of suitable teeth for endodontic surgery in each
animal, the need to minimize the number of monkeys, and the high
cost of animal purchase and upkeep. Nevertheless, the differences
between the tissue responses 1o the two root-end filling materials
were marked and did not support an increase in sample size.
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Fiz. 2. Tissue response 1o an MTA root-end filling. New cementum
has grown over the cut root-end dentin and over the root-end filling;
there is no inflammation in the adjacent connective tissue (Original
magnification 20, Hematoxylin and eosin).

Fia. 3. Tissue response to an MTA root-end filling. New camentum
has grown over the root-end filling: there are incremental lines in the
cememtum paraliel to the surface (Onginal magnification x50, He-
mataxylin and eosin, polarized kght).

The conditions of the experimental design in endodontic surgery
can have a profound influence on the outcome (10). If the entire
root canal has been well filled, the tissue response is normally
favorable, as determined by an ahsence of inflammation (10, 11).
However, if the canal is contaminated with bacteria, the tissue
response is characterized by severe inflammation (10, 12). Previ-
ous histologic studies of root-end hllings have usually placed root
canal fillings before undertaking root-end resection (11, 13-15),
and the present study was undertaken to allow more direct com-
parison with these.

Amalgam root-end fillings have recently been criticized because
of associated periradicular inflammation in histologic studies (9,
12); however, in these studies the canal space was infected. It was
therefore decided in the present study to recxamine the tissue
response to amalgam with infection excluded as far as practicable.
Root canal treatment was carmed out aseptically, and sections of
the teeth were siained to check for the ahsence of bacteria. The
lissue response to amalgam root-end fillings in this ideal situation
was unfavorable, charactenzed by inflammation at the root end in
all specimens. It demonstrates the unsuitability of this material for

International Endodontic Journal, 42, 408-411, 2009

Fic. 4. Tissue response to an MTA root-end filling. New cementum
has grown over the cut root-end centin; there are new pericdontal
fibars insarted into the surface (arrow) and blast cells on the surface
(open arow) (Original magnification x50, Hematoxylin and eosin,
polarized light.

root-end filling. The major inflammatory cell was the lymphocyte,
but close to the root-end filling surface polymorphonuciear leuko-
cytes were observed. The reason for the presence of polymorphs is
unclear, but it may be related to corrosion product action.

The overall favorable tissue response to MTA root-end fillings
as evidenced by a lack of inflammation is similar to, but an
improvement on, previous studies in dogs, one of which examined
root ends (%) and the other furcal perforations (16). Inflammation
was observed around one root end filled with MTA but the reason
is unclear. This particular animal had intermittent pyrexia near the
end of the experiment, and on histologic examination the cancel-
lous bone away from the teeth was heavily infiltrated with lym-
phocytes. The possibility exists that the inflammation seen at the
root end of this tooth was unrelated o the root-end filling material.
It is worth noting that cementum had formed over the cut root-end
dentin even though it had not over the MTA and that new bone had
furmed in the position of the former apex. The other woth in this
animal with MTA root-end filling had a layer of cementum over
the root-end filling, and there was an absence of periradicular
inflammation. '

A thick layer of cementum was observed over five of six MTA
root-end fillings. The layer was continuous with that over the
resected dentin, and incremental lines and cell inclusions were
observed in it (Fig. 3). Some of the cementum surface was char-
acterized by fiber insertion, mimicking Sharpey’s fibers, whereas
in other areas blast cells were observed on the surface (Fig. 4). The
new cementum was attached to the onginal cementum at the sides
of the root (Fig. 4). Two possibilities exist for the source of the new
cementum: either it is derived from the remaining perindontal
ligament and has grown in from the sides, or it is derived from the
ingrowing conneclive tissue from bone. Previous work (9) indi-
cates that the blood clot in the bony cavity organizes within 2
weeks. Therefore, the progenitor cells could well be derived from
bone rather than from the peniodontal ligament. Further the pres-
ence of blast cells on the surface of the cementum (Fig. 4) suggests
a bone origin for this bone of attachment. If the cementum had
grown from the lateral aspects, incremental lines would have been
expected running diagonally in the cementum, rather than the
parallel ones that were observed. The suggested mode of healing
differs from that proposed by Craig and Hamrison (17) who indi-
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cated that the new cementum was derived from the existing peri-
odontal ligament. In the present study a thick layer of cementum
had grown over the dentin root end in contrast to the limited
amount reported by Craig and Harrison (17). They recommended
etching the tooth surface to remove the smear layer; however, it
would appear that when MTA is used for root-end filling, etching
of the cut dentin is unnecessary.

The layer of cementum over the MTA showed irregularities in
some sections (Fig. 3), although no defects or soft tissue inclusions
were noted. In some root ends the MTA was not flush with the
dentin surface; however, cementum had grown directly against the
MTA. The formation of cementum against MTA may be due to a
number of factors such as sealing ability (1), biocompatibility (7),
or alkaline pH on setting (5). Recent in vitro work has demon-
strated the ability of MTA to stimulate cytokine release from bone
cells (18) indicating that it actively promotes hard tissue formation
rather than being inert (10, 11) or being irritant like existing
root-end filling materials (12).

Based on the results of this study and previous experiments (9, 12),
it appears that amalgam is an unsuitable root-end filling material and
its use should be discontinued because it does not prevent microleak-
age (1-3) and does not allow regeneration of the dentoalveolar struc-
ture. The results of this study and previous investigations (1-9) sup-
port the use of MTA as a root-end filling in man.
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