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I. Introduction 

A. Statement or the Problem: 

Teeth with severe pulpal or periapical inflammation are treated routinely and 

successfully with established endodontic techniques consisting of cleaning and 

enlarging the canal space, followed by obturation of the apical foramen and a portion 

of the canal space. This obturation eliminates the source of periapical inflammation 

and decreases the movement of substances into and out of the tooth, promoting an 

environment of healing. The dentin underlying the cementum contains microscopic 

tubules, and once the cemental layer of the root is removed, these tubules may be 

conduits for medicaments to· diffuse from the partially sealed root canal to the soft 
• 

tissues adjacent to that root surface. 

Previous investigators have demonstrated the diffusion of intracanal 

medicaments through dentin to the .outer surface of the root (Abbot et al., 1988, 

1989; Foster et al., 1993). The purpose of the current study was to investigate the 

effect of the placement of intracanal m'edicaments, fillers and cements (sealers) in 
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endodontically treated teeth on the regeneration of periodontal connective tissues. 

The effect was measured indirectly by determining the effects of the medicaments 

on human gingival fibroblast (HGF) attachment to an exposed dentin surface. 

B. Review of Related Literature: 

Alveolar bone, cementum and the periodontal ligament provide much of the 

physical support necessary for the tooth to resist the stresses of everyday function. 

A fundamental problem in periodontal disease is the loss of attachment of the 

periodontal connective tissues to the mineralized elements of the root surface as a 

result of the inflammatory response to bacterial plaque. 

The ultimate goal of periodontal therapy is the reattachment and regeneration 

of the fibrous connective tissues to the root surface proper (Diem et al., 1974; Pitaru 

et al., 1984 ). In contrast to the healing that occurs in a soft tissue wound, the 

·healing process that occurs in a periodontal defect has to include the mineralized, 

avascular root surface located adjacent to the gingival connective tissues. In a study 

using mongrel dogs, two days following the reflection of mucoperiosteal flaps, an 

ingrowth of capillaries from the alveolar bone and periodontal ligament was observed 

in the wound clot (Hiatt et al., 1968). By two weeks the original fibrin clot had been 

replaced largely with collagen fibers, and by four weeks new connective tissue 

attachment was well underway. Histologic healing in man consists of both an 

epithelial downgrowth along the dental aspect of the gingival flap, and a connective 
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tissue reattachment at the apical dentin and cementu_in surfaces of the wound (Frank 

et al., 1974 ). This attachment to dentin is mediated by superficial demineralization 

of the dentin surface in close contact to a layer of fibroblasts. When the cementa! 

layer of the root surface is removed during surgical root planing, the dentinal surface 

is exposed to the soft tissues of the periodontium. Dentin is penetrated by millions 

of microscopic tubules that can serve as diffusion channels that extend from the 

outer surface of the tooth to the pulp. It has been reported that dentin has between 

17,751 and 20,895 tubules per square millimeter (Fogel et al., 1988; Pashley et al., 

1992). These tubules may permit passage of materials from the outer surface of the 

root to the pulp, and in the absence of pulpal tissue, materials can pass from the 

pulp canal to the root surface (Vongsavan and Matthews, 1991). 

As a result of root canal therapy, medicaments such as formocresol, zinc 

oxide-eugenol (ZOE) based sealers, and obturating materials such as gutta-percha 

are sealed within the root canal space~ In- addition, some medicaments are used on 

multiple occasions, for example calcium hydroxide which is utilized in special 

endodontic situations to close open root apexes or to control root resorption. 

Formocresol is a combination of formalin and cresol. It was introduced by 

Buckley in 1905 (Grossman,_ 1979). "Buckley's formocresol" (Sultan Chemist Inc., . 

Englewood NJ) is composed of 19% formaldehyde, 35% cresol, and 17% glycerin 

(Friedberg and Gartner, 1990). Formocresol has been credited with antimicrobial 

activity and tissue-fixing properties. It is a nonspecific disinfectant and denaturant 

of cell proteins (Wesley et al., 1970; Hata et al., 1989; Gergely and Difiore, 1993). 
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Formocresol has been associated with severe tissue inflammation, irritation, systemic 

distribution and alteration of host tissue antigenicity (Friedberg and Gartner, 1990). 

Mutagenicity / teratogenicity of developing embryos have also been demonstrated 

(Friedberg and Gartner, 1990). 

Root canal sealers, used alone or in combination with a solid core obturating 

material, are intended to achieve a hermetic seal at the apical foramen (Branstetter 

and von. Fraunhofer, 1982). Root canals are irregularly shaped, necessitating plastic 

endodontic sealers to fill canal irregularities and ensu.re an apical seal. Most sealers 

are based on a zinc oxide and eugenol formulation which are the most widely used 

and manufactured sealer types in the United States (Branstetter and von Fraunhofer, 

1982; Cohen and Bums, 1984 ). Zinc oxide-eugenol sets by a combination of 

chemical and physical processes, yielding a hardened mass of zinc oxide embedded 

in a matrix of long, sheath-like crystals of zinc eugenolate (Cohen and Bums, 1984). 

Zinc oxide-eugenol causes moderate tissue irritation when implanted "in the 

subcutaneous tissues of rabbits (Friend and Browne, 1968). 

Gutta-percha is the refined, coagulated, milky exudate of trees of the 

Sapotaceae family indigenous to the Malayan Archipelago (Grossman, 1979). It has 

been used in dentistry for a variety of purposes since the nineteenth century (Friend 

and Browne, 1968; Grossman, 1979; Marciano and Michailesco, 1989). Gutta-percha 

is related to the natural rubbers, and actually is a trans-polyisoprene chain, as 

compared to the cis-polyisoprene chain found in natural rubber. This structure is 
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more linear, consequently gutta-percha is harder, more brittle, and less elastic than 

natural rubber (Friend an~ Browne, 1968). 

Gutta-percha points used for root canal therapy contain 18.9-21.8% gutta

percha, 59.1-75.3% zinc oxide, 1.5-17.3% heavy metal sulfates, and 1-4% waxes/ 

resins. (Friedman et al., 1975; Cohen and Bums, 1984 ). Barium sulfate determines 

the radiopacity, while zinc oxide influences the plasticity of the material (Manhart, 

1982). Generally gutta-percha is considered to be the least irritating of the root canal 

filling materials (Spangberg and Langeland, 1973; Pascon et al., 1987). 

Calcium hydroxide has been used in dentistry since the tum of the century 

and been recommended as a root canal filling material for more than fifty years 

(Manhart, 1982; Hammarstrom et al., 1986). Calcium hydroxide is advocated in a 

number of specific endodontic procedures such, as a long-term pulpal dressing in 

teeth with large periapical lesions, perman~nt root canal therapy in deciduous teeth, 

teeth involved in traumatic awlsions, and for use in conjunction with gutta-percha 

cones (Manhart, 1982; Hammarstrom et al., 1986). The hydroxyl group of calcium 

hydroxide provides an alkaline environment which is antibacterial an
1
d is associated 

with induction of hard tissue formation which facilitates eventual closure of an 

"open" apical foramen (Manhart, 1982; Hammarstrom et al., 1986). Calcium 

hydroxide has even been shown to hydrolyze the lipid moiety of bacterial 

lipopolysaccharides (LPS) (Safavi, 1993). However, calcium hydroxide c;\lso results 

in necrosis of dentin-associated cells, and has been implicated in cases of cervical 

ankylosis (Blomlof et al., 1988). 
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The permeability of dentin has been well documented (Garberoglio and 

Brannstrom, 1976; Pashley et al., 1987; Fogel and Pashley, 1990). As dentin surfaces 

are instrumented with either hand or rota_ry instruments, a dentinal smear layer is 

created (Gwinnett, 1984; Pashley et al., 1988). This smear layer consists of a layer 

of microcrystalline debris 1 to 5 micrometers thick which adheres to the underlying 

tooth structure in a mann_er which prevents the layer from being rinsed off 

(Gwinnett, 1984; Berry et al., 1987). During root canal therapy, instrumentation with 

files can decrease dentin permeability by 25-49% due to the creation of a smear layer 

on the internal surface of the root canal (Fogel and Pashley, 1990). Although smear 

layers can' decrease movement of substances along dentinal tubules, usually the 

tubules still retain the capacity for some movement of substances_ (White and 

Goldman, 1987; Abbott et al., 1988, 1989). 

All root canal filling materials and medicaments have known cytotoxicity 

(Tomeck, 1961; Rappaport et al, 1964; Friend and Browne, 1968; Loos and Han, 

1971; Spangberg and Langeland, 1973; Spangberg, 1973; Langeland, 1974; Wolfson 

and Seltzer, 1975; The et al., 1976; Mohammad et al., 1978; Spangberg et al, 1979; 

Masillamoni et al., 1981; Manhart, 1982; Moorer and Genet, 1982; Hammarstrom 

et al., 1986; Kettering and Torabinejad, 1984; Pascon et al., 1987; Blomlof et al., 

1988; Briseno and Willershausen, 1990; LeQnardo et al., 1990; Pascon and Spangberg, _ 

1990; Safavi, 1993). These investigators have studied tissue reactions to the filling 
I 

materials, responses to medicaments directly implanted into animal tissues, or 

utilized tissue culture techniques to quantify cell viability by various means. 
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Polyethylene tubes were used to implant root canal materials directly into -

animal tissues (Friend and Browne, 1968; Langeland, 1974). Friend and Browne 

(1968) demonstrated that zinc oxide-eugenol will elicit a moderate tissue reaction 

without causing necrosis when implanted in the connective tissue of rabbits. 

Histological sections revealed infiltrates of macrophages, lymphocytes and plasma 

cells. This reaction was seen in specimens implanted for 2-4 days, and resolved to 

only a very mild reaction after 4 weeks. ZOE-based sealers implanted directly into 

the subumbilical area of male albino rats produced a generally moderate zone of 

inflammation, with a wide zone of lymphocytic infiltration (Rappaport, 1964). This 

response was persistent throughout the 35 days of the study. A similar reaction to 

the ZOE-based sealer materials was reported by Langeland utilizing rat connective 

tissue as the site of implantation. 

Wolfson and Seltzer (1975) reported on the tissue reactions to gutta-percha 

and calcium hydroxide implanted directly into the dorsal subcutaneous tissues in 

male albino rats. This histological study showed that gutta-percha caused an initial 

acute inflammatory reaction that subsided by the 15th day. After this time the gutta

percha became encapsulated, and with the absence of any inflammation associated 

with this encapsulation, they concluded that gutta-percha was nontoxic. Although 

calciu111: hydroxide became encapsulated with fibrous tissue, it was consistently 

associated with multinucleated giant cells, and mild, generalized inflammation. The 

response to gutta-percha described by Wolfson & Seltzer (1975) was not duplicated 

. by Leonardo (1990). He implanted polyethylene tubes filled with Obtura (Unitek 
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Corp., Monrovia CA) thermoplasticised gutta-percha into dorsal subcutaneous tissues 

of white rats. Tissues containing gutta-percha demonstrated fibrous encapsulation 

with a persistent inflammatory response after 120 days. 

Langeland (1974) and Rappaport (1964) also reported toxicity utilizing cell 

cultures. Langeland (1974) reported that ZOE-based sealers were highly toxic to 

cells in culture; whereas Rappaport reported that this type of sealer had moderate 

toxicity. In a technique utilizing a tissue culture-agar overlay method, Mohammad 

(1978) reported that freshly prepared ZOE-based sealers were strongly toxic at 0 

hours, but by 96 hours (end of the experiment), the cytotoxicity decreased to a 

moderate level. Utilizing [3H]-thymidine with either HeLa cells or L-645 (fetal 

diploid) lung fibroblasts, Kettering et al. (1984) demonstrated that all sealers tested 

had equal cytotoxicity in either the fresh state, or when set. A notable exception was 

found with Grossman's sealer which is very similar to the Roth's ZOE-based sealer. 

Here cytotoxicity decreased to a moderate degree when set. In a similar 

experimental design, Pascon et al. (1987) utilizing radiochromium release and L-929 

mouse fibroblasts, demonstrated an increase in cytotoxicity with fresh sealers 

compared to set samples. Utilizing this technique, they reported that Obtura 

injectable gutta-percha was biocompatible. Finally, Briseno et al. (1990) 

demonstrated the consistent cytotoxicity of ZOE-based sealers throughout a 21 day 

testing period. His investigation focused on the incorporation of 14C-Leucine radio

labeled protein into human gingival fibroblasts. 
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In findings contrary to many other reports, Hume (1986) has demonstrated 

that eugenol is not cytotoxic to the pulp when applied to dentin. He reported that 

dentin actually restricts the diffusion of all solutes, including eugenol, and lowers 

their concentration on the pulpal side of dentin to levels that are often 

pharmacologic but not cytotoxic. 

A study using radiochromium, release demonstrated the cytotoxicity of both 

gutta-perch cones and thermoplastic gutta-percha in contact with L-929 mouse 

fibroblast cells after 24 hours (Pascon et al., 1990). It was determined that this 

cytotoxicity was due to the high content of zinc oxide in the gutta-percha material. 

The zinc ions which were cytotoxic were obtained through corrosion in vitro, similar 

to the release of zinc ions occurring through interactions with body fluids. Moorer 

et al. (1982) also demonstrated that the antibacterial activity of gutta-percha cones 

was attributable to the leaching of the zinc ions from the cones. This experiment 

demonstrated a definite zone of growth inhibition of Staphylococcus aureus in 

association with gutta-percha cones placed on agar plates. 

Formocresol, as previously mentioned, is a very irritating substance when 

placed in contact with tissue. Torneck et al. (1961) implanted formocresol carpules 

into the dorsum of Syrian hamsters. The animals were sacrificed after 48 or 96 

hours. Histological sections from 48 hour samples revealed .intense, diffuse, active 

inflammation involving the fascial planes of muscle and adipose tissue. Purulent 

exudate was located at the border of the carpule, and necrosis of the connective 

tissue was observed. In the 96 hour specimens, an extensive, active, subacute 
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inflammation was still present. Some coagulation necrosis was noted also. Spangberg 

et al. (1979) utilizing Sprague-Dawley rats also demonstrated the extreme toxicity of 

formocresol for tissues. They determined that formocresol had to be diluted 

approximately one-thousand fold to ensure minimal irritation to tissue in vivo and 

two-thousand fold to eliminate toxicity in cultured HeLa and L-cells. Masillamoni 

et al. (1981) investigated the biocompatibility of formocresol and compared this 

parameter to its antimicrobial activity. Human lung fibroblasts (L-645) cultured with 

3H-thymidine, Streptococcus mitis, Streptococcus fecalis, and Staphylococcus aureus 

were used to test the antimicrobial effect of formocresol. Formocresol had to be 

diluted 25,000 times to be nontoxic to the cultured fibroblast cells. However, if this 

medicament was diluted enough to become nontoxic, it was ineffective as an 

antibacterial agent. Loos et al. (1971) investigated the effects of polyvinyl sponge 

implants of formocresol on connective tissue cells of rats. The enzymes responsible 

for cellular respiration were far more sensitive to the medicament than those related 

to hydrolytic activities (Loos et al., 1971 ). Loos et al. (1971) also determined that 

a 1/5 dilution of formocresol may be as effective as the full strength medicament, and 

at the same time, may provide faster recovery from the cytotoxic effects. 

Maxted capillary tubes, fifty millimeters long, were used in an attempt to 

simulate a tooth root canal so that a 25% formalin solution on a cotton pellet would 

not be in direct contact with cells (The et al., 1976). Here, the formalin was 

separated 10 mm from the fibroblast culture so only the formalin vapor would be in 

direct contact with the cells. There was no reported difference in cell cytotoxicity 
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between cotton wool pellets saturated with 5 µI of the formalin solution and plain 

cotton wool pellet controls. 

Although calcium hydroxide is utilized for special endodontic situations, it has 

been shown to be cytotoxic (Manhart, 1982; Hammarstrom et al.; 1986; Blomlof et 

al., 1988; Safavi, 1993). The alkaline pH interferes with the repair process at the 

root interface in_ awlsed teeth. The cells forming. r~parative cementum become 

necrotic, but this seems to be a short term phenomenon, as cell growth continues 

after 24 hours (Hammarstrom et al., 1986). 

As documented above, the materials utilized in root canal therapy are 

potentially very toxic to tissue cells. · However, a review of the literature provides 

little documentation with regard to tissue reactions to root canal materials enclosed 

within the root canal of the tooth. White et al. (1987) has demonstrated that root 

canal filling materials have the capacity to penetrate into dentinal tubules and 

possibly reach the root surface. Abbott et al. (1988, 1989) has reported the diffusion 

of a corticosteroid (triamcinolone)/ a~tibiotic (demeclocycline) paste through the 

dentinal tubules to the periodontium. He also determined that although the 

presence of a smear layer will decrease the rate of medicament diffusion, diffusion 

will still occur. These materials can also potentially reach the periodontium through 

either lateral or accessory canals (Prichard, 1983). During periodontal surgery, the 

cementa} layer is often removed, and the dentinal tubules are exposed to the soft 

tissues attempting to regenerate the periodontium in this area. Even without 

cementuJD removal it has been demonstrated that medicaments can diffuse to the 
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periodontal soft tissu·es (Abbott et al., 1989). Little documentation is found 

regarding the effect these root canal filling medicaments and materials may have on 

this regeneration. 

In a clinical study, Morris (1957) created surgical wounds, 2-3mm wide, in the 

periodontium of 17 nonvital teeth and 10 vital teeth. All teeth were periodontally 

sound, but treatment planned for extraction for prosthetic reasons. Labial crestal 

bone was removed and, in some instances, cementum was planed from the root. The 

teeth were removed at intervals ranging from 14 to 157 days, and examined 

histologically. Connective tissue healed against both dentin and cementum of vital 

teeth, but not against the dentin exposed in the coronal half of the wound adjacent 

to nonvital teeth. He noted that the mere absence of the pulp did not prevent 

cementum formation. Morris (1960) suggested that the lack of new cementum 

formation may be due to the noxious influences of intracanal medicaments. 

Diem et al. (1974) utilized four maxillary incisors of six Rhesus monkeys in 

a study of the relationship between endodontic status and alveolar bone 

regeneration. For this study, one·vital incisor was used as a control, one incisor had 

its pulp extirpated and the cavity left opened, two incisors were instrumented with 

one having a camphorated parachlorophenol medicament sealed inside the canal, 

while the other tooth was obturated with gutta-percha. After reflection of 

mucoperiosteal flaps, 3-5mm of facial crestal bone were removed, and the root was 

planed to re~ove all overlying cementum. The flaps were replaced, and the tissues 

were allowed to heal for 91 days. At that time, the animals were sacrificed, and the 
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teeth were extracted, demineralized, and prepared for histologic study. Cementa} 

regeneration was observed coronal to the apical aspect of the curetted dentin in 20 

of 22 teeth investigated. Diem et al. (1974) concluded that there was no apparent 
. . . 

relationship between the amount of alveolar regeneration and the status of the canal. 

In a case report, Barkhordar (1988) reported the successful regeneration of 

periodontal attachment following endodontic therapy in a t~oth devitalized by 

orthodontic forces. No histology was offered in this case report. 

In a discussion on the treatment and management of bony vertical defects 

(Prichard, 1983), it was recommended that endodontic therapy should consist of pulp 

extirpation and instrumentation only, prior to periodontal surgical procedures. 

Following surgical healing, complete obturation of the canal was recommended. 

Dunlap et al. (1981) studied the growth of fibroblasts in vitro on 10 extracted 

periodontally involved human teeth which had received root canal therapy at least 

one year previously. Nine of these teeth were filled with gutta-percha. The tenth 

tooth was obturated with a silver point. Ten extracted vital teeth served as controls. 

The crowns were removed, roots sectioned longitudinally, and the cementum of one 

section was removed. All teeth were autoclaved. Following incubatioD' with a 

suspension of cultured fibroblasts, the cells were stained with a combination of 

neutral red and trypan blue dyes. Fibroblast growth was observed on all ten root

planed sections of the endodontically treated teeth, while no growth was observed 

on the unplaned sections. No difference in fibroblast growth was observed between 

the endodontically root-planed sections and the root-planed vital tooth sections. He 
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concluded that the possibility of adverse effects on wound healing does not appear 

to be a valid justification for delaying completion of root canal therapy until after 

periodontal surgery. 

C. The Aims or the Current Study were: 

To determine what effects various endodontic filling materials and 

medicaments have on human gingival fibroblast (HGF) growth and attachment to a 

dentin surface free of a smear layer. An attempt was made to relate the 

permeability of the dentin surface to HGF attachment inhibition. The materials and 

medicaments evaluated included: gutta-percha sealed with Roth's ZOE-based sealer, 

warm gutta-percha with and without sealer, calcium hydroxide, formocresol, or a 

sterile cotton pellet packed into the pulp chamber. An empty pulp chamber group 

setved as a control. 



EXPERIMENTAL DESIGN 

EFFECT OF INTRACANAL MEDICAMENTS AJITER FOUR.HOURS 

CONTROL 

200 µI EMEM added to 10 Crn. 
segments for each Exp. Grp. 

i 
Media incubated for 

24 Hrs. to "wet" dentin 
surface 

i . 
i 
i 

• Remove EMEM, add new EMEM 
w/o HGF, incubate 4 Hrs. 

i 

• • • Remove EMEM, rinse w/ new 
EMEM add MTS/PMS solution 

• • • • Incubate 1-3 Hrs. 
Read absorbance at 490 nm 
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EXPERIMENTAL 

200 µl EMEM added to 10 Crn. 
segments for each Exp. Grp. 

• Media incubated for 
24 Hrs. to "wet" dentin 

surface 
i 

• • i 
Remove EMEM~ add new EMEM 
w/ 5,000 HGF's, incubate 4 Hrs. 

• i 

• • Remove EMEM, rinse w/ new EMEM 
add MTS/PMS solution 

i 
i 
i 

• Incubate 1-3 Hrs. 
Read absorbance at 490 nm 



EXPERIMENTAL DESIGN 

EFFECT OF INTRACANAL MEDICAMENTS AFTER 1WENTY-FOUR HOURS 
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II. Materials and Methods 

A. CELL CULTURES 

Hum~n gingival fibroblasts (HGF) were provided by the Medical College of 

Georgia, School of Dentistry. The cells were maintained in accordance with standard 

tissue culture techniques (Hurum et al. 1982). All HGFs utilized in experimental 

procedures were between the 5th and 10th passages. Tissue culture medium 

consisted of Eagle's minimum essential mediu1;11 (EMEM) (Sigma, St. Louis, MO) 

supplemented with 10% heat inactivated fetal calf serum (FCS) plus penicillin G 

potassium (0.05 mg/ml), streptomycin sulfate (0.05mg/ml), neomycin (0. l0mg/ml) and 

amphotericin·B (2.Smg/ml) (P/S). EMEM w/10% FCS & P/S was added to 75cm2 

tissue culture flasks (Lux Scientifi~ Co, Newberry Park, CA) containing HGF. All 

tissue culture procedures occurred while working in a laminar flow tissue cu~ture 

hood. Cultures were maintained at 37°C in an atmosphere of 5% carbon dioxide. 

Cells were refed with EMEM w/ 10% FCS and P/S every other day until cells 

reached a confluentmonolayer. Once confluencywas reached, ·cells were detached 

using a standard trypsin treatment for tissue cul~re and transferred to additional 

75cm2 culture flasks for continued incubation. The trypsin detachment procedure 

17 
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was accomplished by decanting the existing media followed by washing the attached 

cells with sterile phosphate buffered saline (PBS). Three to five ml of a solution of 

1:250 trypsin (0.5 g/L) in (EDTA) (0.2g/L) were prepared in Hank's buffered salt 

solution (HBSS) without calcium or magnesium (Sigma, St. Louis, MO) and added 

to the culture flask for 1 minute. The solution was decanted and the flask placed 

upside down. When the HGFs were visibly detached, EMEM w/ 10% FCS & PIS 

was added to the culture flask to neutralize the remaining trypsin solution. Each 

trypsin detachment procedure was defined as a cell passage. 

B. TOOTH SPECIMENS 

Approximately 300 unerupted third molar teeth were collected and. stored in 

a solution containing sterile water supplemented with penicillin G potassium (200 

units/ml) and streptomycin sulfate (200 µg/ml). Only unerupted teeth with no 

previous communication with the oral environment were used. Following 

debridement of soft tissue with hand instruments, crown segments were autoclaved 

and prepared as described by Pashley (1987). The occlusal enamel was sectioned 

and removed utilizing an Isomet slow speed saw (Buehler Ltd, Evanston, Illinois), 

exposing the occlusal dentin surrounded by a periphery of enamel. A second cut 

through the cemental-enamel junction removed the roots, resulting in a crown 

segment with an exposed pulp chamber on the apical end and a flat. dentin surface 

on the occlusal end. Residual pulpal tissue remaining in the pulp chamber was 

carefully removed with cotton forceps, avoiding direct contact with the pulp chamber 

surface. 
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Hydraulic conductance (I;,) is a measure of the ease with which bulk fluid 

movement can occur through dentin (Pashley et al., 1985). LP was calculated as: 

Where L, is the hydraulic conductance in µl cm·2 min•1 cmH20·1; Jv is the fluid flow 

in µl; P0 is the external or applied hydrostatic pressure in cm H20; P1 is the internal 

or pulpal pressure in cmH20; A is the area of dentin in cm2
; and tis time in minutes 

(Pashley et al., 1985). 

The I;, of each specimen was determined by mounting the prepared sample 

on a small square of Plexiglas approximately 2cm x 2cm x 0.7cm. These Plexiglas 

squares were penetrated by an 18 gauge stainless ste~l tube of 15mm length and 

cemented with Zapit adhesive (DV A, Anaheim, CA) once the end of the tube was. 

flush with the upper surface of the plastic. The crown segments were positioned 

centrally over this tube and secured to the Plexiglas ·with Zapit adhesive. A known 

surface area of 0.385cm2 was isolated on each dentin surfa.ce. This area was isolated 

by placing a 7mm diameter cork cutter on a centrally located position on the dentin 

surface and luting the rema.ining surface with hot dental sticky wax. The mounted 

crown segment was then filled with PBS to keep the dentin hydrated. 

To remove the smear layer, the isolated dentin surface was acid-etched for 2 

minutes with saturated citric acid and rinsed for 15 seconds with distilled water. The 

18-gauge tubing was then connected to a microsyringe-micropipette-pressure 
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reservoir which supplied the hydrostatic pressure (703.1 cmH20) as described by 

Pashley (1987). This system allowed quadruplicate measurements of permeability to 

be performed and averaged. Crown s.egment permeabilities were recorded and the 

segments were distributed to ensure that all experimental groups contained crown 

segments with high, low and average· ~s. 

C. EXPERIMENTAL GROUPS 

Experimental medicaments were packed into the chamber of each crown 

segment and sealed with dental sticky wax. The following materials were utilized: 

Group 1 Laterally condensed gutta-percha (Hygienic Co, Akron, OH) with Roth's 

sealer (Roth Co, Chicago, IL). 

Group 2 Warm gutta-percha with Roth's sealer.(Obtura Unitec Co, Monrovia, CA 

and Roth Co, Chicago, IL). 

Group 3 Warm gutta-percha (Obtura Unitec Co, Monrovia, CA). 

Group 4 Calcium Hydroxide (Roth Co, Chicago, IL). 

Group 5 Formocresol (Sultan Chemist Inc, Englewood, NJ) on a sterile cotton 

pellet. 

Group 6 Sterile Cotton pellet. 

Group 7 Empty chamber ( control). 

All medicaments and sealers were mixed in accordance with the 

manufacturer's instructions. After placement, all crown segments were placed in an 
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incubator (Model 3158, Forma Scientific, Marietta, OH) and kept at 37°C and 100% 

humidity for at least 1 week. 

Strips of dental boxing wax 10 cm x 2.5 cm x 0.2 cm were layered and luted 

together to a height of approximately 8mm and sectioned. Five mm diameter round 

"wells" were created in the boxing wax using a heated circular cork cutter. The 

sectioned wax pieces were then luted over the isolated dentin area on the crown 

segment and utilized as "wells" to hold cells and media above and in contact with the 

exposed dentin surface. Groups of ten crown segments and "wells" were then 

secured to a large (250mm) tissue culture dish (Coming Co, Coming, NY). The 

culture dish and crown segments were then sterilized by germicidal ultraviolet 

irradiation for 30 minutes. 

D. CELL ATTACHMENT ASSAY 

Each experimental group was incubated with HGF for two different time 

periods ( 4 hours and 24 hours). Each time period had 20 crown segments assigned 

per experimental group. Ten segments were inoculated with HGF in EMEM, the 

other 10 segments were inoculated with EMEM only. The 4 and 24 hour incubation 

periods were chosen to, compare the effect of material diffusion over time. The 

purpose of the EMEM only inoculation was to determine the effects of the 

medicaments alone on the EMEM. All crown segments were "wetted" with 200 µl 

of EMEM for 24 hours at 37°C prior to experimentation. 
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Cell cultures were trypsinized using a 3-Sml solution of trypsin and EDTA 

as previously described. Detached cells were assayed for viability using 0.4% trypan 

blue (1 drop/ ml of suspended cells). An aliquot containing 5,000 HGFs in 250 µI 

of EMEM (2 x 104 cells per ml) were added to each of the 10 crown segments of the 

experimental groups. 250 µl of EMEM only was added to each of the remaining 10 

crown segments of the control group. All crown segments were incubated at 37°C 

in 5% CO2 for either 4 or 24 hours. 

For each experiment, a curve of HGF cell growth (HGF standard cell curve) 

was established. Known cell numbers from 1,000 to 10,000 in 200 µl of EMEM were 

transferred to a 96-well microtiter plate (Sigma, St. Louis, MO). Each 96-well plate 

was oriented so that it had 12 rows. The first two rows were occupied by EMEM 

only. The third to twelfth row contained from 1,000 to 10,000 HGF cells per well. 

For counting the number of cells attached to the dentin surface of the crown 

segments, the Celltiter96™ AOueous Non-Radioactive Cell Proliferation Assay 

(Promega, Madison, WI) was used. This assay utilizes a colorimetric method for 

determining the number of viable cells in proliferation or chemosensitivity assays. 

It utilizes (3-( 4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxypheny )-2-( sulfophenyl)-

2H-tetrazolium, inner salt; MTS) and phenazine methosulfate (PMS) solution. MTS 

is a novel tetrazolium compound and PMS is an electron coupling agent. MTS is 

bioreduced by cells into formazan that is soluble in tissue culture medium. The 

conversion of MTS into aqueous soluble formazan is accomplished by dehydrogenase 

enzymes found in metabolically active cells. This technique was first introduced by 
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Mosmann (1983). After the prescribed incubation. periods for the various 

experimental groups, all media were removed from the crown segment "wells". The 

dentin surface was then rinsed with 200 µI of fresh media and removed. This rinsing 

was intended to remove any cells not attached to the dentin surface. Two-hundred 

µI of media were again placed into the "wells" and 50 µI of MTS and PMS solution 

added to each well. After 1-3 hours of incubation, 200 µI of the supernatant were 

withdrawn from each "well" and added to the 96-well assay plate. The absorbance 

of the solution was measured by a spectrophotometer (Denley Instruments, Durham, 

NC) at 490 nm. The quantity of formazan, and thus the amount of 490nm 

absorbance is directly proportional to the number of viable cells in culture. 

Establishment of a HGF standard cell curve involved adding 50µ1 of the 

MTS/PMS solution to the 96-well assay plate. The plate was incubated 1-3 hours, 

then 200 µl of the supernatant were removed and placed into a second 96-well assay 

plate. This second 96-well plate was then analyzed by the spectrophotometer. 

Subtracting the average optical density (O.D.) of the two "blank" rows (rows 

containing media and MTS/PMS solution only) from the rows containing the HGF, 

media and MTS/PMS solution, resulted in the net O.D. for HGF at the various cell 

numbers. O.D. versus the numbers of cells was then plotted. 

Experimental groups were treated in a similar fashion. After incubation for 

1-3 hours with the MTS/PMS solution ( the same time period as the standard curve), 

200 µI of the supernatant solution were added to a 96-well assay plate and the 

absorbance measured at 490 nm. Media control groups (groups which only 
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contained medium and MTS/PMS solution) were subtracted from the groups with 

HGF cells, resulting in a net O.D. due· to HGF cell numbers only. The O.D. 

obtained by the experimental group, divided by the O.D. of the control group ( empty 

crown segment chamber), multiplied by 100, equaled the percent of total cells 

attached compared to the control group. Utilizing a ratio consisting of the O.D. of 

5,000 cells from the standard curve as the numerator, 5,000 cells (from the standard 

curve) as the denominator, TO the Net O.D. of the experimental group (O.D. of 

experimental group, minus O.D. of experimental control) as the numerator, and "x" 
I 

number of cells in the experimental group as the denominator: with "x" equaling the 

number of cells in the experimental group. This computation allowed a comparison 

of the actual number of cells attached per experimental group and control group. 

Percent of total cells attached: 

O.D. of experimental group + O.D. control ( empty chamber) X 100 = % of 

total cells attached for each experimental group. 

Total cell count: 

A Ratio: Standard curve to experimental groups. 

Net O.D. (of 5,000 cells from standard curve)+ 5,000 cells (from standard curve) 

TO Net O.D. of expe~imental group+ "x" number of cells (of experimental group). 
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Solve for "x" to get the number of cells in the experimental group for a given 

experimental O.D.: 

NET O.D.std - NET O.D.ellp 
5000 cells - X 

E. STATISTICS 

The statistical analysis of Optical Density results and the fibroblast cell 

attachment (Net O.D.) results were performed using a nonparametric, Kruskal~ Wallis 

one-way analysis of variance (ANOVA) with a Dunn's multiple comparison test. For 

analysis of I;, verses 0.D. an ANOV A was also utilized. 



III. RESULTS 

1. 4 Hour Incubation 

A. Control Groups 

A Kruskal-Wallis one-way analysis of variance (ANOVA) of all control 

groups' Optical Densities (O.D. ), excluding the formocresol control group, 

demonstrated that these groups were not significantly different from each other 

(P=0.122). This determination allowed for an overall average of the control O.D.'s 

to be computed and this "average control O.D." was then subtracted from the O.D. 

of the experimental groups (except formocresol which had its own control O.D. 

averaged and subtracted) inoculated with HGF. The net result is an O.D. 

proportional to the number of HGFs attached to the dentin surfaces of the various 

experimental groups. When the O.D. of the formocresol group was entered into the 

ANOV A, a significant difference between the remaining control groups were 

demonstrated (P<0.001). Formocresol appeared to react with the dentin surface and 

resulted in an O.D. consistently greater than the O.D. produced_ by the other 

experimental ll!aterials. 
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B. 4 Hour Standard cell. curve 

Figure 1 illustrates the 4 Hour HGF standard curve. The curve represents a 

linear progression of change in 0.D. versus cell number up to 5,000 cells. This 

standard cell curve was utilized to determine actual cell numbers for each 

experimental group. The ratio, previously described, between the standard curve 

O.D. at 5,000 cells and the. experimental groups' O.D. was used to calculate the 

actual numbers of cells attached to the dentin surface for each group. 

C. Effects of Medicaments on HGF Attachment ( 4 Hours) 

The first experiment investigated the effects of the various intracanal 

medicaments on HGF attachment after 4 hours of incubation. Table 1 demonstrates 

the effects of each medicament expressed as a percentage of total cells and actual 

cell numbers which attached to the dentin surface compared to the empty chamber 

control. Figures 2 and 3 graphically illustrate the percentages of total cells attached 

and actual cell numbers, respectively, for this incubation period. Warm gutta-percha 

without sealer and formocresol demonstrate . statistically significant (P<0.05) 

inhibition of HGF attachment of 22.2% (1023.8 cells) and 24.5% (1130.1 cells), 

respectively, compared to control at 100% attachment (4109.3 cells). Inhibitory 

activity decreased in the gutta-percha with Roth's (ZOE-based) sealer group at 

49.6% (2288.4 cells), warm gutta-percha with Roth's (ZOE-based) sealer group at 

62.1 % (2861.9 cells), and the cotton pellet group at 68.8% (3172.9 cells). 



FIGURE 1: Four hour standard cell curve by MTSAQ. 
Comparison of optical density ( O.D.) to human 
gi,ngi,val fibrobl(l.sts (HGF)cell numbers. O.D. at 

490nm wavelength. 



HGF's 

1.00 

0.90 

0.80 

0.70 

0.60 
Cl 

0.50 
0 

0.40 

0.30 

0.20 

0.10 

0.00 
0 1000 

4 HOUR CELL CURVE 
BY MTSAQ 

2000 3000 
CELL NUMBERS 

4000 5000 

N 
00 



TABLE 1: Effect of Intracanal Medicaments After 4 Hours 
Incubation. Mean, sample number (n), and standard 
e"or of the mean (SEM). 
Experimental Groups . 
GPw/s---gutta-percha with Roth's (ZOE-based) 
sealer. 

wmGPw/s---warm gutta-percha with sealer. 
wmGP---warm gutta-percha without sealer. 
CaOH---calcium hydroxide. 
F ormo---f ormocresol. 
Cot--~cotton pellet. 
Cont---control (empty chamber). 

NetOD---Experiment optical density minus control 
optical density (O.D.). 

%totCell---Percent of total cells attached. 
TC---Actual total cells attached. 



MEAN 0.3356 

n 10 

SEM 0.069 

MEAN 0.6858 

n 9 

SEM 0.0682 

EFFECT OF INTRACANAL MEDICAMENTS 
AFfER 4 HOURS INCUBATION 

49.637 2288.4 MEAN 0.4197 . . 62.076 2861.9 MEAN 0.1501 

10 10 n 8 8 8 n 9 

10.208 470.62 SEM 0.0754 11;152 514.16 SEM 0.0492 

101.44 4676.S MEAN 0.1657 24.513 . 1130.1 MEAN 0.4653 

9 9 n 9 .9 9 n 5 

10.088 465.07 SEM ·0.0236 3.4907 160.93 SEM 0.0464 

MEAN 0.6761 

n 5 5 

SEM 0.0222 . 3.2905 

22.207 1023.8 

9 9 

7.2739 335.35 

68.821 3172.9 

5 5 

6.8682 316.65 



FIGURE 2: Effect of Intracanal Medicaments after 4 Hours 
Incubation. Percent of average total cells 
attached per experimental group. Values 
designated plus or minus one standard e"or of 
the mean (SEM). 
Experimental Groups 
GPw/s----gutta-percha with Roth's (ZOE-based) 
sealer. 

wmGPw/s---warm gutta-percha with sealer. 
wmGP---warm gutta-percha without sealer. 
CaOH---calcium hydroxide. 
F ormo---f ormocresol. 
Cot---cotton pellet. 

- Cont---control (empty chamber). 
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FIGURE 3: Effect of lntracanal Medicaments after 4 Hours 
Incubation. Average total cell count attached per 
experimental group~ Values designated plus or 
minus one standard e"or of the mean (SEM). 
Experimental Groups 
GPw/s----gutta-percha with Roth's (ZOE-based) 

sealer. 
wmGPw/s---warm gutta-percha with sealer. 
wmGP---warm gutta-percha without sealer. 
CaOH---calcium hydroxide. 
F ormo---f ormocresol. 
Cot---cotton pellet. 
Cont---control (empty chamber). 
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Attachment was not inhibited by calcium hydroxide which demonstrated attachment 

identical to control (101.4%, 4676.5 cells). Of these latter groups, none resulted in 

decreased inhibition of HGF attachment which were statistically different from the 

control group. 

2. 24 Hour Incubation 

A. Control Groups 

A Kruskal-Wallis one-way analysis of variance (ANOVA) of all control 

groups' O.D., excluding formocresol, did not demonstrate any statistical difference 

(P=0.194). Therefore, as was previously done,· the control groups' O.D. were 

averaged and subtracted from all experimental O.D.'s (except formocresol which 

utilized its' own control average). When the formocresol control was entered into 

the ANO VA a significantdifferencewas found between the remaining control groups 

(P<0.001). 

B. 24 Hour Standard Cell Curve 

Figure 4 illustrates a pattern in the 24 Hour HGF standard curve, similar to 

that of the 4 Hour samples. Utilizing the linear progression between cell number 

and change of O.D., actual cell counts were calculated. 



FIGURE 4: Twenty-four hour standard cell curve by MTSAQ. 
Comparison of optical density ( O.D.) to human 
gi,ngi,val fibroblasts (HGF) cell numbers. O.D. 

at 490nm wavelength. · 



C 

0 

-- HGF1s 

24 HOUR CELL CURVE 
BY MTSAQ 

2.00 .....------------------------, 

1.50 

1.00 . 

0.50 

0.00 -+""-------'-----_.____ ___ ____._ ____ ..____ ___ __, 

0 1000 2000 3000 4000 5000 
CELL NUMBERS 



34 

C. Effect of Medicaments on HGF Attachment (24 Hours) 

This experiment investigated the effects of the various intracanal medicaments 

on HGF attachment following 24 hours of incubation. Table 2 demonstrates the 

effect of each medicament expressed as a percentage of total cells and actual cell 

numbers which attached to the dentin surface compared, to the empty chamber 

control. Figures 5 and 6 graphically illustrate the effects of the medicaments on HGF 

attachment. Warm gutta-percha without sealer and formocresol were the only 

groups to demonstrate statistically significant (P<0.05) inhibition . of HGF 

attachment, with 71.3% (2963.7 cells) and only 1.7% (70.3 cells) attachment 

compared to control at 100% attachment (4157.7 cells). Gutta-percha with Roth's 

(ZOE-based) sealer, warm gutta-percha with (ZOE-based) sealer, and the cotton 

pellet group produced very similar results at 90.12% (3747 cells), 90.11 % (3746.4 

cells), and 91.33% (3797 cells) attachment, respectively. The calcium hydroxide 

group had a decrease in percent of cell attachment compared to the 4 hour 

incubation period, specifically it produced 81.72% (3397.6 cells) attachment as 

opposed to the identical results obtained for this group compared to control in the 

earlier investigation. 



TABLE 2: Effect of Intracanal Medicaments After 24 Hours 
Incubation. Mean, sample number (n), and 
standard e"or of the mean (SEM). 
Experimental Groups 
GPw/s---gutta-percha with Roth's (ZOE-based) 
sealer. 

wmGPw/s---warm gutta-percha with sealer. 
wmGP---warm gutta-percha without sealer. 
CaOH---calcium hydroxide. · 
F ormo---f ormocresol. 
Cot---cotton pellet. 
Cont---control (empty chamber). 

NetOD---Experiment optical density minus control 
optical density (O.D.). 

%totCell---Percent of total cells attached. 
TC---Actual total cells attached. 



MEAN 1.2676 

n 

SEM 

MEAN 1.1494 

n 8 

SEM 0.0446 

EFFECT OF INTRACANAL MEDICAMENTS 
AFTER 24 HOURS INCUBATION 

%TOTAL 

90.122 3747 MEAN 1.2674 90.108 3746.4 MEAN 1.0026 

n 8 8 8 n 10 

6.8039 282.89 SEM 0.0841 5.9802 248.64 SEM 0.0539 

%TOTAL 

81.718 3397.6 MEAN 0.0238 1.6897 70.254 MEAN 1.2845 

8 8 n 10 10 n 8 

3.1699 131.79 SEM 0.0108 0.7697 32.002 SEM 0.0586 

NET OD %TOTAL 

MEAN 1.4066 100 

n 7 7 

SEM 0.0605 4.303 

71.281 2963.7 

10 10 

3.8315 159.3 

TC 

91.325 3797 

8 8 

4.1662 173.21 



FIGURE 5: Effect of1ntracanal Medicaments after 24 Hours 
Incubation. Percent of average total cells 
attached per experimental group. Values 
designated plus or minus one standard error of 
the mean (SEM). 
Experimental Groups 
GPw/s----gutta-percha with Roth's (ZOE-based) 
sealer. 

wmGPw/s---warm gutta-percha with sealer. 
wmGP---warm gutta-percha without sealer. 
CaOH---calcium hydroxide. 
F ormo---f ormocresol. 
Cot---cotton pellet. 
Cont---control (empty chamber). 
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FIGURE 6: Effect of lntracanal Medicaments after 24 Hours 
Incubation. Average total.cell count attached per 
experimental group. ·Values designated plus or. 
minus one standard error of the mean (SEM). 
Experimental Groups 
GPw/s----gutta-percha with Roth's (ZOE-based) 
sealer. 

wmGPw/s---warm gutta-percha with sealer. 
wmGP---warm gutta-percha without sealer. 
CaOH---calcium hydroxide. 
F ormo---f ormocresol. 
Cot---cotton pellet. · 
Cont---control (empty chamber). 
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3. Effect of Specimen Permeability and HGF Attachment 

Tables 3 and 4 list the crown specimens with their related I,, and O.D. Figures 

7 and 8 demonstrate the relationship between I,, and O.D. After 4 hours of 

incubation, no relation was found between I,, and O.D., reflecting HGF attachment. 

After 24 hours of incubation a significant relationship (P:S0.05) was established 

between I,, and O.D. in the warm gutta-percha with Roth's sealer, warm gutta

percha without Roth's sealer and calcium hydroxide groups. 



TABLE 3: Four Hour Incubation Experimental Groups. 
Comparison of cown specimen LP (Hydraulic 
conductance), and O.D. ( optical density). 
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TABLE 4: Twenty-four Hour Incubation Experimental Groups. 
Comparison of crown specimen LP (Hydraulic 
conductance), and O.D. ( optical density). 
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FIGURE 7: Net O.D. versus specimen Lp after 
Four Hours incubation. 

r equals the co"elation coefficient. 
r equals the coefficient of determination. 
p equals the level of significance. 
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FIGURE 8: Net O.D. versus specimen Lp after 
Twenty-Four Hours incubation. 

r equals the co"elation coefficient. 
r2 equals the coefficent of determination. 
p equals the level of significance. 
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IV. DISCUSSION 

Numerous studies over the past thirty years have shown the cytotoxic and 

inflammatory effects, of intracanal medicaments and root canal filling materials. 

These effects have been demonstrated when either the materials are placed in direct 

contact with tissues in vivo or with in vitro studies (Torneck, 1961; Rappaport et al., 

1964; Friend and Browne, 1968; Loos and Han, 1971; Spangberg and Langeland, 

1973; Spangberg, 1973; Langeland, 1974; Wolfson and Seltzer, 1975; The et al., 1979; 
L.._ 

Masilliamoni et al., 1981; Manhart, 1982; Moorer and Genet, 1982; ·Hammarstrom 

et al., 1986; Kettering and Torabinejad, 1984; Pascon et al., 1987; Blomlof et al., 

1988; Abbott et al., 1988, 1989; Briseno and Willershausen, 1990; Leonardo et al., 

1990; Pascon and Spangberg, 1990; Safavi, 19~3). Many of these studies were 

concerned with the effects of medicament diffusion through the apical foramen, or 

direct contact with periapical tissues by overfill of the materials through that 

foramen. In addition to medicament diffusion through the apex, the cementa} layer . 

of the root can be removed exposing the de~tin during periodontal procedures. This 

dentin layer is then exposed to the soft tissue healing of the surgical wound. Dentin 

is penetrated by millions of dentinal tubules which may serve as diffusion channels 

between the root canal and the root surface (Fogel et al., 1988; Pashley et al., 1992). 

Abbott et al. (1988, 1989) has demonstrated the diffusion of a corticosteroid 

43 
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(triamcinolone) and antibiotic ( demeclocycline) through the dentin to the root 

surface. This diffusion was decreased by both a smear layer produced after 

-
endodontic instrumentation and also in the presence of a cementa} layer, however, 

even in the presence of these barriers, diffusion still occurred. Abbott et al. (1988) 

actually demonstrated that the rates of diffusion of demeclocycline were not 

significantly different between roots with an open apex and those with ail apex 

sealed. In other words, the diffusion of this medicament occurred primarily through 

the root dentin even in the roots with an open apex. Diffusion of intracanal 

medicaments potentially may have an effect on the periodontal healing of the 

surgical wound. 

The objective of the present study was to determine whether or not the 

diffusion of various intracanal medicaments and sealers through the dentinal tubules 

would effect the ability of human gingival fibroblasts to attach to an exposed dentin 

surface. Four hour and twenty-four hour incubation periods were chosen to compare 

the effects of the diffusion of the various materials on cell attachment and growth 

over time. 

Results of the four hour incubation time period illustrate a dramatic and 

statistically significant (P<0.05) inhibition of HGF attachment in the warm gutta

percha and formocresol groups. Less inhibition of attachment was associated with 

gutta-percha combined with Roth's (ZOE-based) sealer, warm gutta-percha with 

(ZOE-based) sealer, and the cotton pellet groups. These groups did not produce 

statistically significant attachment inhibition compared to control. Calcium hydroxide 
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also had no effect on HGF attachment during this time period. Results of the 

twenty-four hour incubation period demonstrated a pattern of HGF inhibition similar 

to that seen in the four hour time period. However, the amount of inhibition was 

dramatically decreased in all groups except calcium hydroxide and formocresol. In 

these two groups, the number of HGFs attached was dramatically decreased (greater 

inhibition) compared to the four hour time period. Again, formocresol and warm 

gutta-percha without sealer illustrated the greatest cellular inhibition {P<0.05). 

Calcium hydroxide, warm gutta-percha with Roth's (ZOE-based) sealer, gutta-percha 

with (ZOE-based) sealer, and the cotton pellet groups demonstrated decreasing 

inhibition at this time period. These groups were not significantly different from 

control (P>0.05). 

Formocresol has been utilized for its antimicrobial activity and ability to fix 

tissue since the early 1900's (Grossman, 1979). Formocresol placed directly on 

tissues results in severe inflammation and necrosis and has to be diluted one

thousand fold to ensure minimal tissue irritation. (Tomeck et al., 1961; Spangberg, 

et al., 1979). To eliminate cell toxicity in cultured HeLa and L cells, formocresol has 

to be diluted two-thousand fold (Spangberg et al., 1979). Also, formocresol affects 

the enzymes responsible for cellular respiration (Loos et al., 1971 ). The toxic effects 

results from the dissolution of cell membranes by cresol (Ranly et al., 1986). The 

greater inhibition of cell attachment in the 24 hour time period by HGF compared 

to ~he four hour time period probably relates ·to a time / dose effect, with a greater 



46 

amount of formocresol diffusing across the dentin layer, producing a greater 

amount of HGF cytotoxicity after 24 hours compared to the four hour incubation. 

There is some controversy regarding the cytotoxicity of the ZOE sealers (the 

material utilized in Roth's sealer). Rappaport (1964) reports that this sealer was one 

of the least toxic, while Langeland (1974) reports that it has a high toxicity. In the 

present study, we found that the level of HGF attachment.inhibition decreased from 

the four and 24 hours incubation periods, however, in both incubation periods the 

experimental groups utilizing sealers (gutta-percha and warm gutta-percha) were not 

statistically different from control. Hoover et al. (1980) demonstrated that ZOE 

implanted directly into canine mandibular bone resulted in damage to the area of 

implantation. In contrast to placing the ZOE in direct contact with the bone tissue, 

we placed the ZOE-based sealers inside the pulp chamber, without direct tissue 

contact, similar to the relationship found in vivo. It has been reported that eugenol 

is not cytotoxic to the pulp when it diffuses through dentin (Hume, 1986). The 

diffusion of eugenol (part of ZOE based sealers) through dentin may result in a 

pharmacologic rather than cytotoxic concentration of eugenol (Hume, 1986). 

Gutta-percha has a high (59.1-75.3%) zinc oxide content (Friedman et al., 

1975; Cohen and Bums, 1984). Radiochromium release studies have demonstrated 

the cytotoxicity of gutta-percha. It was determined that the zinc found in both gutta

percha cones and thermoplastic gutta-percha is responsible for this cytotoxicity 

(Pascon et al., 1990). The in vitro toxicity of gutta-percha was attributed to the 
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leakage of zinc ions into the medium, which is similar to the release of zinc ions by 

interaction with body fluids in vivo. 

The use of Roth's sealer could also account for the decreased inhibitory 

effect of gutta-percha with sealer and warm gutta-percha with sealer compared to the 
-, 

warm gutta-percha without sealer group. Roth's sealer contains staybelite resin, zinc 

oxide, bismuth subnitrate NF, bismuth sulfide USP, and sodium borate anhydrous 

mixed with a solution of eugenol (package insert). The generation of zinc ions in the 

gutta-percha cones and thermoplastic gutta-percha could be reduced by the use of 

this ZOE based sealer which may protect the gutta-perch~ from interaction with 

fluids. Alternatively, the sealer cQuld fill all of the irregularities between the filling 

material and the dentin of the canal, thereby reducing the amount of water available 

to solubilize the zinc ions. Finally, the use of a sealer itself may reduce radicular 

dentin permeability, decreasing the amount of diffusion occurring across the dentin 

layer, again limiting the water available to solubilize zinc ions from gutta-percha. 

The inhibition of HGF by a cotton pellet packed into the pulp chamber was 

an unexpected finding. Although an extensive literature review could not locate any 

studies investigating the effect of cotton placed into a pulp chamber, it is well known 

that cotton in the form of sponges and gauzes when left in the surgical field will 

result in foreign body reactions. Cotton can also contain significant amounts of free 

' ' 

fatty acids which can have a detergent effect. Unusual cases have been reported 

such as chronic pain of seven years following an endodontic apicoectomy in which 

a cotton pellet was inadvertently left under the surgical flap (Ludlow, 1994). 
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Another case involves the development of synchronous cotton-induced granulomas 

of the buttocks 45 years after an exposure (Bentley and Schnur, 1991 ). Investigations 

in the pulmonary medicine field have reported the effects of cotton condensed 

tannins, which have been implicated in alterations in phagocytosis, and the 
I 

production of hydrogen peroxide by alveolar macrophages (Yuk-Pavlovic and 

Rohrbach, 1990; Rohrbach et al., 1992). Low concentrations of tannin (below 3.125 

µg/ml) will enhance macrophage phagocytosis with a subsequent increase in peroxide 

production due to the "respiratory burst" during macrophage ingestion of foreign 

material. However, above this low dose, tannins will result in both the inhibition of 

macrophage phagocytosis and peroxide production. A study relating cotton. bract ( a 

modified leaf structure located under the boll) to a lowered level of basal cyclic 

AMP in exposed peripheral blood mononuclear leukocytes has been reported 

(Butcher et al., 1986). The routine use of cotton pellets may require reevaluation 

of this material as it may be more than just an innocuous carrier of medicaments. 

Calcium hydroxide has been used in dentistry since the tum of the century 

and has been recommended as an endodontic medicament for over fifty years. The 

hydroxyl group of calcium hydroxide provides an alkaline environment which is 

antimicrobial (Manhart, 1982; Hammarstrom, 1986). Calcium hydroxide also results 

in necrosis of dentin associated cells (Blomlof et al., 1988). - In our findings, the 

initial-four hour incubation period did not result in any HGF attachment inhibition. 

However, by twenty-four hours, HGF attachment was decreased compared to the 

four hour time period. Foster et al. (1993) demonstrated in an in vitro study that 
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calcium hydroxide paste sealed into an endodontically instrumented root canal will 

diffuse across the dentin surface of the tooth once the cementa} layer is removed. 

It was also reported that the removal of the smear layer facilitated this calcium 

hydroxide diffusion. In that study, calcium hydroxide was not detected by increases 

in pH and calcium ions in the tooth storage solution until after 72 hours. In our 

experimental design the thicknesses of the dentin layers were not well controlled. 

Our coronal dentin thickness was probably significantly less than the radicular dentin 

layer found in the extracted canines utilized in the above study. Further, root dentin 

is much less permeable than coronal dentin (Fogel et al., 1988). The four hour 

incubation period most likely did not allow enough time for the calcium hydroxide 

to diffuse across the occlusal dentin layer. However, by 24 hours, enough calcium 

hydroxide was present to have an inhibitory effect on HGF attachment, and if the 

incubation period was increased, this inhibition may have reached statistical 

significance. 

One of the original aims of the current investigation was an attempt to 

correlate the permeability of the individual crown specimens with HGF inhibition. 

An increase in I;, (permeability) of the dentin surface was expected to correlate with 

increased HGF inhibition. No correlation was found between I;, and O.D., reflecting 

HGF attachment after four hours of incubation. After 24 hours of incubation, a 

significant correlation was found in the warm gutta-percha without Roth's sealer and 

calcium hydroxide groups. A surprise finding was a correlation of decreasing HGF 

inhibition associated with the warm gutta-percha with Roth's sealer group after 24 
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hours inhibition. No relationship was found in the formocresol group after 24 hours 

incubation. Possibly the cytotoxic effects of formocresol were so high that even the 

lowest I;, allowed enough material to diffuse across the dentin layer, resulting in 

significant HGF inhibition. A more plausible explanation for the. lack of correlation 
) 

between I;, and HGF attachment and·aiso the reverse correlation in the warm gutta

percha with Roth's sealer group after 24 hours of incubation is due to the 

concentration of HGFs utilized (2x104 cells per well). This concentration probably 

did not result in a confluent cell monolayer on the crown specimens dentin surface 

layer (this was confirmed by examination of random SEM photomicrographs of 

various specimen dentin surfaces). It is known that the occlusal dentin layer is not 

uniformly permeable (Fogel et al., 1988). Areas close to the pulp horns have a 

significantly greater I;, than the dentin farther from the pulp horns (Pashley et al., 

1987; Fogel et al., 1988 ). If the isolated HGFs were located close to these areas in 

some specimens and farther away in others, the effect of the medicaments would not 

be uniform due to these permeability differences. Perhaps in future studies, a 

concentration of at least 2x106 cells should be tried in order to ensure that a 

confluent cell monolayer is achieved. Under such conditions, one could then better 

test the hypothesis that there is a relationship between dentin permeability and 

cytotoxicity of endodontic medicaments on periodontal tissues. 

In conclusion, the findings suggest that formocresol and warm gutta-percha 

without Roth's (ZOE-based) sealer, have a statistically significant adverse effect on 

HGF attachment compared to control. The other medicaments and sealers 
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investigated did not have a statistically significant effect on HGF attachment as 
' 

compared to control at the time studied (4 and 24 hours). These results appear to 

conflict with the in vivo findings of Sanders et al. (1983) who compared the amount 

of bone regeneration in periodontal osseous defects utilizing demineralized freeze- 0
. 

dried bone allografts and autogenous bone grafts. In that study, only 33% of 

endodontically treated teeth demonstrated complete or greater than 50% bony fill, 

compared .to 65% for vital teeth. However, the decreased success in bone 

regeneration could also have been due to continuing undiagnosed periapical 

pathology in at least one case. It was noted that during a root amputation 

procedure, following the bone graft treatment, a poorly obturated canal was 

discovered. Undiagnosed endodontic pathology can severely limit the success of 

periodontal regeneration (Jansson et al., 1993). The need for endodontic therapy 

after extensive periodontal surgical treatment, is not a common clinical complication, 

but will occasionally occur. - Although the calcium hydroxide group did not reach 

statistical significance compared to control with regard to HGF inhibition at either 

4 or 24 hour incubation periods, the increasing inhibition of HGF attachment by the 

calcium hydroxide group at 24, hours suggests a time and dose dependence. Possibly 

with increased incubation time, inhibition of HGF attachment would reach 

significance. Formocresol demonstrates dramatic tiine / dose dependency as 

illustrated by the extensive inhibition of HGF .at 24 hours compared to four hours. 

The use of Roth's (ZOE-based) sealers appears to have a protective role in HGF 

attachment inhibition, _possibly in the prevention of the generation of zinc ions by 
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gutta-percha. These sealers appear to allow gutta-percha compounds to be utilized 

in endodontics without a detrimental effect upon HGF attachment. This is in 

contrast to the warm gutta-percha without sealer group which demonstrates a 

significant (P<0.05) adverse effect upon HGF attachment. As this work was done 

using coronal dentin which is much more permeable than root dentin, it is unlikely 

that lack of periodontal attachment to root surfaces can be blamed on endodontic 

medicaments / sealers unless they include formocresol, warm gutta-percha without 

a ZOE-based sealer or, potentially, calcium hydroxide. 

The role of this in vitro study will hopefully stimulate further investigations in 

the relationship between endodontic therapy and periodontal surgical wound healing 

and periodontal tissue regeneration. These findings support the concept that routine 

clinical endodontic therapy utilizing gutta-percha obturation with a ZOE-based 

sealer, such as Roth's sealer, should not be detrimental to periodontal surgical 

wound healing and regeneration. However, it may not be advisable to use 

formocresol, calcium hydroxide or, perhaps, a sterile · cotton pellet as an interim 

medicament or medicament vehicle when a periodontal surgical procedure, especially 

a regenerative or new attachment procedure, is b.eing considered in tissues adjacent 

to the endodontically involved tooth. Obtu.ration of canals with warm gutta-percha 

without a ZOE-based sealer may also be detrimental to periodontal surgical site 

healing. 



V. SUMMARY 

The objective of this study was to determine the effects of various intracanal 

medicaments and sealers placed inside a pulp chamber on the attachment of human 

gingival fibroblasts (HGF) to an exposed dentin surface. The correlation between 

the exposed dentin surface permeability (L.,) and HGF attachment inhibition was 

also investigated. 

Human gingival fibroblasts pooled from explants of healthy tissue were 

supplied by the Medical College of Georgia, School of Dentistry. Cultures of 2xl04 

cells / ml of Eagle's Minimum Essential medium (EMEM) were inoculated on 10 

crown segments from seven experimental groups consisting of; gutta-percha with 

Roth's (ZOE-based) sealer, warm gutta-percha with sealer, warm gutta-percha 

without sealer, calcium hydroxide, formocresol, sterile cotton pellet, or an empty 

chamber ( control). Ten additional crown segments from· each expetjment group 

received EMEM only. Incubation periods of 4. or 24, ·hours were completed and 
' . 

attached cells were quantified utilizing a methyl-tetrazolium cell proliferation assay. 

Results were reported as a percentage of total ·cells attached compared to control,. 

and actual cell numbers attached. 
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The results indicated that formocresol and warm gutta-percha without sealer 

produced a statistically significant inhibition of HGF cell attachment at both the 4 

hour and 24 hour incubation periods (P<0.05). All other groups did not result in 

a statistical difference compared to control. 

No correlation was found between dentin I;, and inhibition of HGF cells after 

four hours of incubation in any groups tested or in the formocresol group after 24 

hours of incubation. A correlation (Ps0.05) was found for warm gutta-percha 

without Roth's sealer, and calcium hydroxide groups. A correlation demonstrating 

decreasing inhibition with increasing I;, was demonstrated with the warm gutta

percha group with Roth's sealer after 24 hours of incubation. The lack of a 

correlation between I;, and HGF inhibition in the groups tested and also the 

decreasing inhibition relationship between I;, and HGF attachment in the warm 

gutta-percha group after 24 hours incubation is probably due to the fa~t that the 

concentration of HGFs utilized (2xl04 cells / ml) was not sufficient to provide a 

confluent cell monolayer on the dentin surface. Due to the variable permeability of 

the dentin surface, the effect of the medicaments on the isolated HGFs is probably 

not uniform enough to provide information regarding variations in permeability. If 

a larger concentration of HGFs were utilized (ixt06 at least), and a confluent 

monolayer could be established, a more sensitive quantification of medicament effect 

with regards to I,, may be possible. 

These in vitro findings do suggest, however, that the clinical use of gutta

percha endodontic filling materials, if combined with a ZOE-based sealer such as 
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Roth's, should not effect HGF attachment in vivo. The use of a ZOE-based sealer 

seems to protect HGF from the cytotoxic effects of the gutta-percha, possibly by 

preventing the production of zinc ions by the gutta-percha material. These results 

support the concept that routine endodontic therapy utilizing gutta-percha obturating 

materials with a ZOE-based sealer should not be a detriment to periodontal surgical 

wound healing and regenerative therapy. 
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