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I. INTRODUCTION 

A. THE PROBLEM 

Resorption of the roots of teeth is common. Areas of 

local resorption are found on the roots of practically all 

posterior teeth and of most anterior teeth (Seltzer et al., 

1966) . This resorptive process i·s associated with a number 

of conditions, including: teeth with idiopathic resorption; 

replanted or transplanted teeth; periodontally involved 

teeth; teeth adjacent to tumors or cysts; orthodontically 

treated teeth; and teeth subjected to traumatic forces such 

as subluxation, intrusive or extrusive luxation, and 

avulsion. The most severe and rapidly progressive form of 

root resorption is usually associated with traumatic 

injuries. Avulsed teeth may be replanted, but up to 93% of 

these teeth later exhibit evidence of ankylosis and 

replacement resorption (Andreasen, 1966) and they are often 

lost within four to six years (Heithersay, 1985). 

The cellular mechanisms for resorption are similar in 

alveolar bone and radicular dentin. Osteoclasts (or 

dentinoclasts in the case of root resorption) are the 

principal cells involved in the resorptive process 
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(Chambers, 1980). The brush or ruffled border of the 

osteoclast actively sweeps across the bone or dentin (Hancox 

& Boothroyd, 1961) to produce the enzymatic destruction of 

the connective tissue matrix and the dissolution of the 

minerals contained in this matrix. 

The induction of osteoclastic differentiation from 

monocytic stem cells, such as immature marrow monocytes, 

appears to be associated with the activation of specific 

cell receptors for prostaglandins, lipoteichoic acid,. and 

other ligands (Yamasaki, 1983). These chemical mediators 

exist as inactive precursors in the plasma, but become 

activated by cell damage, inflammation, clotting, and other 

phenomena related to trauma and the other conditions 

mentioned previously. 

The activities of osteoclasts can be inhibited during 

various stages of differentiation (Demulder & Suggs, 1992), 

during migration (Alam & Gallagher, 1992) and during 

attachment, by altering the products of cellular and 

hormonal osteoclastic regulators (Hughes & McDonald, 1989) . 

Recently, another method of inhibiting osteoclastic activity 

has been explored. This method involves the development of 

hydroxyapatite crystals that are resistant to the 

destructive capabilities of the osteoclast. 

It has been nearly fifty years since Dudley et al. 

(1949) found that gallium was· adsorbed preferentially in 
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bone. Since that time, gallium has been shown to stimulate 

the synthesis of type I bone collagen and, as a consequence, 

increase bone stability (Bockman et al., 1987). 

The effects of gallium on hydroxyapatite crystals have 

been studied. Gallium can be adsorbed into the inorganic 

crystalline substructure of bone or dentin, which alters the 

material enough to specifically resist dissolution by the 

osteoclast (Hall & Chambers, 1990). It is also likely that 

gallium alters one or more of the cellular activities 

necessary for osteoclastic resorption of calcified tissues. 

Many studies have focused on determining the actual 

mechanism of gallium's observed effect on the resorptive 

action of osteoclasts, yet a significant secondary issue 

arises in regard to the application of such an element to 

the affected tissues. Recent studies have proposed using a 

topical application of gallium nitrate to the root surface 

of periodontally involved teeth or traumatically avulsed 

teeth in order to inhibit the resorptive process (Breault et 

al., 1995; Liewehr et al., 1995). However, in many cases 

the resorptive process is evident or likely to occur at a 

radiculoalveolar interface which is inaccessible without 

intentionally extracting the tooth or needlessly exposing 

the root surface surgically and thus risking further damage 

to the cementum or periodontium. Therefore, a method of 

delivering gallium to these relatively inaccessible sites 
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could be important clinically. 

This problem of access to resorptive lesions can be 

addressed by proposing a more conservative means of 

delivering gallium salts to the affected root surface and 

possibly to the surrounding alveolus. The current post-

traumatic treatment regimen focuses on the extirpation of 

the pulpal tissues in the root canal, and then shaping and 

filling the canal with a paste of calcium hydroxide 

(Andreasen, 1981; Tronstad, 1988). The mechanism of action 

for calcium hydroxide slowing or temporarily inhibiting the 

anticipated resorptive process is debatable, but the most 

prominent theory points to the alkaline pH of the calcium 

hydroxide and its effect on osteoclasts, lactic acid and/or 

collagenase (Tronstad et al., 

theorized that the medicament 

1981). Originally, it was 

was delivered to the root 

surface when the ionized components of the calcium hydroxide 

passively diffused through the dentinal tubules from the 

root canal to the root surface (Tronstad et al., 1981; 

Esberard et al., 1996). More recently, the diffusibility of 

the calcium and hydroxyl ions through the dentinal tubules 

has been questioned (Wang & Hume, ·1988; Fuss et al., 1989). 

Despite the controversy surrounding the specific 

mechanisms of action and of deli very, the introduction of 

calcium hydroxide into 

cleansing and shaping 

the prepared 

remains the 

root canal following 

initial treatment of· 
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choice for significantly traumatized teeth. The proposal 

espoused by this study, therefore, is to similarly place 

gallium nitrate within the prepared root canal in order to 

provide a therapeutic quantity of ionized'gallium that can 

diffuse passively through the dentinal tubules toward the 

root surface. Once the gallium has been incorporated into 

the hydroxyapatite crystals or deposited within the tubules 

in a relatively insoluble form, then the gallium source can 

be removed from the root canal and obturation can be 

completed. 

One potential problem with calcium hydroxide treatment 

is that this alkaline medicament may have a necrotizing 

effect on the dentinoblasts and cementoblasts involved in 

restoring the root structure (Hammarstrom et al., 1986). 

Although it is not known whether or not gallium's presence 

in the dentin can induce a long-term inhibitive effect on 

resorption, the potential benefits of this type of treatment 

warrant study. 

B. REVIEW OF RELATED LITERATURE 

The use of metals and their salts as therapeutic agents· 

was advocated as early as the 16th century by Paracelsus 

(Hart & Adamson, 1971). Gallium was discovered by a French 

chemist, Lecoq de Boisbaundran, in 1875 (Bockman, 1991). 

Metabolic studies by Dudley et al. (1949) found gallium to 
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be preferentially adsorbed in rat bone to levels forty times 

higher than any other tissue, with substantivity up to six 

months. Anghileri (1971) suggested that gallium may 

interact with insoluble intracellular calcium, and then 

demonstrated that bone was a major site of gallium 

accumulation in mice. 

By 1986, it was determined that accumulations of 

gallium in bone are concentrated in the most metabolically 

·.active regions (Bockman et al., 198 6) . Bockman et al. 

(1987) further noted that gallium stimulated the synthesis 

of type I bone collagen and, thereby, increased bone 

stability (Bockman et al., 1987). Repo et al. (1988) then 

found that gallium-treated rat bone was more dense and less 

soluble than untreated control bone. 

Warrell et al. ( 198 8) used gallium to regulate serum 

calcium levels in patients with cancer-related 

hypercalcemia. This work showed that gallium nitrate was 

superior to maximally approved doses of calcitonin for acute 

control of abnormally elevated serum calcium levels in 

cancer patients (Warrell et al., 1988). 

Additional studies have reported on the effects of 

gallium on hydroxyapatite crystals (Blumenthal et al., 1989; 

Donnelly et al., 1993) . The addition of gallium chloride 

yields a smaller crystal when gallium is adsorbed by the 

hydroxyapatite, whereas gallium nitrate yields a larger 
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crystal. This larger crystal, it was theorized, provided 

less surface area per gram of bone tissue available to the 

osteoclasts, making it less soluble. 

In a key study, Matkovic et al. (1990) introduced 

gallium as a means of treating Paget' s disease. Gallium 

significantly reduced serum calcium, urinary calcium and 

serum phosphate in these patients with an initial episode of 

suppressed bone resorption followed by a period of bone 

formation (Matkovic et al., 1990). 

Hall and Chambers (1990) reported that gallium inhibits 

bone resorption by indirectly affecting the resorptive 

activity of osteoclasts. Gallium nitrate did not alter 

osteoclast morphology or affeqt the survival of the 

osteoclasts on bone slices. However, gallium inhibited bone 

resorption by being absorbed into the calcified substructure 

of the bone (Hall & Chambers, 1990). Later, it was 

determined that the inhibitory effect of bone-bound gallium 

on osteoclasts is a reversible phenomenon (Blair et al., 

19 92) . 

Boskey and her co-workers (1993) conducted studies on 

chicken chondrocytes that showed that gallium nitrate 

inhibits alkaline phosphatase activity. This inhibition 

ultimately reduces hydroxyapatite formation, but permits 

alternate processes to enhance bone formation (Boskey et 

al., 1993). A corresponding reduction in osteocalcin 
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production in gallium nitrate-treated rats has been reported 

(Guiden et al., 1993). A decade earlier, Malone et al. 

(1982) suggested that gallium may directly inhibit the 

recruitment and differentiation of osteoclasts. 

Although the exact· mechanism of gallium action on bone 

mineral is not known, gallium has been established as a 

therapeutic agent in the treatment of bone diseases. More 

recently (Liewehr et al., 1995; Bruce et al., 1996; and 

Buyer, personal communication) the effects of gallium on 

dentin have been examined. 

Liewehr et al. (1995) showed that dentin wafers treated 

with either bisphosphonates or 10-6 M gallium nitrate had 

considerably less resorptive activity than saline-soaked 

control wafers. Bruce et al. (1996) topically applied 

specific amounts of gallium at various concentrations to 

dentin and found that gallium uptake was both time- and 

dose-dependent. Following an uptake period, the rate of 

loss of gallium from the treated surface was measured. The 

results indicated that gallium can substantively bind to 

dentin. However, the length of time that gallium remains 

bound to dentinal surfaces may be less than the time 

required to initiate replacement root resorption. What is 

needed is a method of gallium treatment that lasts longer 

than topical treatments. 

Buyer (personal communication) recently found that 
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applications of 10- 4 M 11' ' ga ium nitrate will almost 

completely block osteoclastic resorption of dentin. Liewehr 

et al. (1995) obtained some reduction in resorption of 

dentin that was treated with 10-6 M gallium. These two 

studies suggest that the effective root surface 

concentration appears to be somewhere between 10-6 M and 10-4 

M gallium. 

C. AIM OF STUDY 

The aim of the study was to measure the spatial 

distribution in radicular dentin of citrate-chelated gallium 

placed in prepared root canals using laser ablation and 

inductively coupled plasma-mass spectrometry. 



II. MATERIALS AND METHODS 

A. THE EXPERIMENTS 

The study was designed to test the use of a gallium 

salt solution as an intracanal medicament in the treatment 

of <lento-alveolar ankylosis and replacement resorption. 

Extracted human teeth were used to· determine if gallium 

nitrate, chelated in a citrate buffer, could diffuse across 

root dentin. A O. 8 M gallium solution was placed within 

each prepared root canal and allowed to passively diffuse 

outward toward the root surface which was bathed in a 

solution of distilled water. After one week, the water was 

collected and later analyzed for gallium. In addition, the 

roots· were sectioned longitudinally for analysis of the 

gallium concentration profile on each root half in cervical, 

middle and apical thirds. 

B. HUMAN TEETH 

Freshly extracted human teeth were collected from the 

oral surgery sections of various military dental clinics in 

northeastern Georgia. Shortly after extraction, the teeth 

were stored in either a sterile saline solution or a saline 



11 

solution containing 0.2% (w/v) sodium azide to inhibit 

bacterial growth. 

Teeth were selected for the study based upon the length 

and straightness of the most prominent canal in order to 

facilitate the later sectioning of the specimens for 

analyses. 

All selected teeth were prepared with a standard 

endodontic access opening using a #330 FG bur (Henry Schein, 

Port Washington, NY) in a Midwest highspeed dental handpiece 

(Midwest Dental, Des Plaines, IL) and Gates-Glidden burs 

(Dentsply, Milford, DE) in a Midwest low speed handpiece. 

The canals were instrumented initially to the apical foramen 

using a #15 flex-R file (Dentsply, Milford, DE). Then, the 

canals were instrumented to within 1. 0 mm of the apical 

foramen with flex-R files (through #60) before stepping 

back. Canals were irrigated with sterile saline before the 

introduction of each file. 

ethylenediaminetetraacetic 

Final irrigation was with 17% 

acid (EDTA; pH 7. 4) (Roth 

International Ltd., Chicago, IL). The EDTA chelating agent 

remained in the canal for at least 10 minutes to facilitate 

removal of the smear layer before the canal was rinsed and 

dried. 

Molars were sectioned through the furcation with a 

mandrel-mounted carborundum separating disc (Dedeco 

International, Long Eddy, NY) to isolate the palatal 
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(maxillary) root or distal (mandibular) root for the study. 

The apical foramen and the apical 2 mm of the root surface 

of each root specimen were then sealed with several coats of 

Zapit cyanoacrylate (Dental Ventures of America, Corona, 

CA). Care was taken not to seal off more than the apical 2 

mm of the root. A 2. 5 cm segment of polyethylene tubing 

(inner diameter 1.67 mm; outer diameter 2.42 mm; Clay Adams, 

Parsippany, NJ) was placed into the endodontic access 

opening and sealed with sticky wax to serve as a fluid 

reservoir. A 3 mm ball of beading wax was used .to seal the 

end of the polyethylene tubing once the gallium salt 

solution had been placed in the canal, chamber and tubing. 

The solution used for the .study was 0. 8 mole/L gallium 

nitrate, chelated with 0.8 mole/L sodium citrate - citric 

acid buffer and adjusted to pH 7.2. 

The lateral height of contour of each specimen was 

increased with sticky wax mesially and distally, creating 

supports from which the tooth was suspended into a 3. 5 cm 

long (1.8 ml capacity) disposable plastic test tube (Wheaton 

Scientific, Millville, NJ). After receiving 60-110 µL of 

the gallium solution, each root specimen was positioned in a 

tube and distilled water was placed in the tube up to (and 

slightly over) the cementoenamel junction (CEJ) in order to 

remove any gallium that diffused across the root dentin to 

the root surface (Figure 1). 



Figure 1: 
Schematic cross-sectional illustration of tooth set-up from 
experimental group. 

A. Beading wax 
B. Polyethylene tubing 
C. Sticky wax 
D. Citrated gallium nitrate solution 
E. Cyanoacrylate 
F. Distilled water 
G. Plastic test tube 
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C. EXPERIMENTAL GROUPS 

The experimental group consisted of six teeth: two 

maxillary molars, two mandibular molars and two maxillary 

central incisors. The two maxillary cuspids were used as 

controls. The groups were treated as follows: 

Group I (Negative Control) (1 tooth) - No gallium citrate 

solution was placed in the chamber. Then, the tooth was 

analyzed for the spatial distribution of gallium by laser

ablation inductively coupled plasma-mass spectroscopy (ICP-

MS) . Distilled water from the test tube was analyzed for 

presence of gallium by atomic absorption spectrophotometry 

(AAS) and used as the control baseline. 

Group II (Positive Control) (1 tooth) - Gallium citrate was 

placed in the canal for 60 seconds and removed. Then, the 

tooth was analyzed for the spatial distribution of gallium 

by ICP-MS. 

Group III (Experimental) (1 tooth) - Gallium citrate was 

placed in the canal and replaced with fresh solution daily. 

The fluid in the root canal and the test tube water were 

analyzed for gallium by AAS after 1 week. The tooth was 

sectioned and analyzed for the spatial distribution of 

gallium using ICP-MS 

spectroscopy (EDXS). 

and energy 

Group IV (Experimental) (4 teeth) -

dispersive x-ray 

Gallium citrate was 

placed in each of the canals and not changed during the 
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7-day experiment. The fluid in the root canals and the test 

tube water were analyzed for gallium by AAS after 1 week. 

The teeth were sectioned and analyzed for gallium 

distribution using ICP-MS and EDXS. 

D. EXPERIMENTAL SEQUENCE 

Each day, the gallium citrate solution for the tooth in 

Group III was changed and saved for later analysis. At the 

end of the experiment, the intracanal solutions from all 

five teeth in Groups III and IV were recovered for AAS 

analysis of the gallium concentration. At the time of 

collection, a 5 µL capillary tube sample of the "old" 

solution was diluted in 1. 0 ml .of distilled water. 

For the tooth in Group III, a 100 µL pipette with a 

special narrow tip (Hamilton Co., Reno, NV) was introduced 

carefully to the apex of the canal for delivery of each 

day's new solution. Fifty µL of the solution were injected 

slowly into the canal as the tip was withdrawn slowly in an 

effort to avoid entrapment of air bubbles (Figure 1). The 

water in the test tubes was also changed daily (for Groups 

III and IV) and saved for subsequent AAS analysis for 

gallium. 

Once each experimental group had completed 'the 

established time interval,. each tooth in the group wa9 

removed from its test tube and the surrounding water was 
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saved for gallium analysis. The polyethylene tubing in the 

access opening and all sticky wax were removed. A 5 µL 

capillary tube sample was taken from the canal's contents 

before the canal was dried gently with paper points. 

Each tooth was analyzed for the distribution of gallium 

within the root dentin. The tooth was prepared for 

longitudinal sectioning by identifying the narrowest 

dimension of the root (and canal), usually the mesiodistal 

width for the anterior teeth and mandibular molar roots, and 

the faciolingual width for the maxillary molar roots. Using 

a carborundum disc rotated at moderate speed on a Red-Wing 

lab bench lathe (Handler Mfg., Westfield, NJ), three 

equidistant notches were cut superficially (ca. 0.5 mm deep) 

into the narrow root surface at right angles to the long 

axis of the tooth, usually across the facial or lingual 

surface for the anterior teeth and mandibular molar roots, 

and the mesial or distal surface for the maxillary molar 

roots. The notches were cut into the center of each of the 

three equal-sized regions of the root, denoting the 

cervical, middle and apical thirds (Figure 2). All teeth 

were then sectioned longitudinally through the widest 

dimension of the root, leaving the most distant path for 

gallium diffusion available for exposure and analysis. The 

external notches provided a matching reference on each root 

half for the three radicular regions. 



Figure 2: 
Illustration of sectioned tooth opened to display the 2 
Halves (ICP-MS & EDXS), the 2 Sides (A & B or C & D) and the 
3 Regions (Cervical, Middle & Apical) 



ICP-Ms 

Cervical 

Middle 

Apical 

EDXS 

Eoxs 

Reference 
notches 
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For sectioning, the tooth was secured to the side of 

the specimen support arm of an Isomet saw (Buehler Ltd., 

Lake Bluff, IL) with sticky wax, care being taken to 

position the root canal parallel to the arm surface and the 

disk blade. Once secured, the tooth was slowly sectioned 

through the length of the root canal. A previously 

determined disk blade speed setting of between "6" and "7" 

was used. This setting yielded a disk blade speed of 145 

rotations/min (rpm) as measured by a Pocket-Tach 20 

tachometer (Monarch Instrument, Amherst, NH). 

Five of the teeth were sectioned with the aid of Isocut 

oil (Buehler Ltd., Lake Bluff, IL), while the remaining 

three teeth were sectioned without the use of any liquid 

lubricant. When no oil was used, the specimen was cooled 

and cutting debris was cleared with frequent bursts of 

compressed air from a can of Fisherbrand Phfft Duster 

(Fisher Scientific, Pittsburgh, PA) as described by van der 

Veen et al. (1996). 

One of the "root halves was qualitatively analyzed for 

gallium distribution using an electron dispersive x-ray 

spectroscopy (EDXS) attachment (ETP USA, Livermore, CA) to a 

Philips 515 Scanning Electron Microscope ( SEM) ( Philips 

Electronic Instruments, Mahwah, NJ). The EDXS analysis 

provided semiquantitative information on the distribution of 

gallium relative to that of calcium in 100 µm2 rectangles 
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positioned every 500 µm in a straight line extending from 

the root canal to the cementum, in the cervical, middle and 

apical thirds of the root (Figure 2). The other half was 

prepared for quantitative gallium analysis using a System 

266 UV laser ablation attachment (Finnigan Mat, San Jose, 

CA) to a Sola Quadrapole Inductively Coupled Plasma - Mass 

Spectrometer (ICP-MS) (Finnigan Mat, San Jose, CA). 

The test tube water that surrounded the root or tooth, 

and the fluid from within the root canal were analyzed 

quantitatively for gallium through the use of a Varian 

Spectra 20 Atomic Absorption Spectrometer (AAS) (Varian 

Instrument Group, Sunnyvale, CA) according to the 

manufacturer's directions for analysis of gallium. 

E. CITRATED GALLIUM NITRATE 

The gallium nitrate solution was prepared fresh prior 

to the 

nitrate 

experiment. The 

to be dissolved 

initial weight of pure gallium 

was determined based upon the 

formula weight for gallium nitrate of 255.72 g/mole. 

Ideally, a 1. 0 M solution of gallium nitrate should have 

been obtained by mixing 2.55 g of crystalline gallium 

nitrate in 10.0 ml of 10 M sodium citrate/citric acid 

buffer. The relatively low pH (ca. 4.5), however, prevented 

all of the salt from going into solution at that 

concentration. 
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The pH was adjusted toward 7.0 by adding 1.0 M sodium 

citrate/citric acid buffer (pH 7.8). The pH needed to be 

higher than 6. 3 9 ( the pK.3 ) in order for the citric acid to 

dissociate completely, a requirement for the gallium nitrate 

to be completely chelated by citrate. Adjustments of the pH 

of the 1.0 M citrate/citric acid buffer with the 10 N sodium 

hydroxide eventually yielded the desired 0.8 M citrate

chelated solution of gallium nitrate. 

After final preparation of the solution, it was 

filtered through a sterilizing filter ( 0. 2 µm pore size) 

Corp., Bedford, MA) 

microtubules with 

into 

flip-top 

sterile 

caps 

plastic 

(Fisher 

(Millipore 

centrifuge 

Scientific, 

capped and 

Pittsburgh, PA). 

frozen in 1 ml 

The microtubules were then 

aliquots. This was done to 

prevent microbial growth in the interim. During the 

experiments, fresh aliquots were thawed just prior to use. 

F. ELECTRON DISPERSIVE X-RAY SPECTROSCOPY 

In recent years, energy-dispersive x-ray spectroscopic 

analysis has gained prominence as a means of analyzing tooth 

structure for the presence and distribution of various 

elements (Eick et al., 1995; van Meerbeck et al., 1996). 

This technique was used in the present study to demonstrate 

the spatial distribution of gallium across the root dentin 

of one of the halves of a single root to provide independent 
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confirmation of the laser ablation ICP-MS results from the 

other half of the root. 

The longitudinally-sectioned. half of the sample tooth 

was prepared for the EDXS analysis by securing the outer 

surface of the root with epoxy to a spectroscopically pure 

12 mm carbon planchet (Ladd Research Industries, Burlington, 

VT) atop a 12 mm aluminum SEM stub (SPI Supplies, West 

Chester, PA) . The sectioned surface of the root was left 

facing upward and parallel to the planchet surface. 

Because the root samples extended beyond the edge of 

the standard SEM stub, they were ·further sectioned across 

the tooth's long axis (between the cervical and middle 

thirds of the root) using a carborundum sectioning disk in a 

slowspeed handpiece with a straight cone attachment. Care 

was taken to avoid tooth structure in the vicinity of the 

regional reference notches. In this segmented 

configuration, the sectioned half of tooth was placed into 

the evacuated chamber of the SEM for EDXS analysis. 

The EDXS analysis was based upon the application of an 

electron beam perpendicular to the sectioned root surface. 

This electron bombardment of the atomic structure of the 

root surface caused the escape and scattered dispersion of 

element-specific x-rays. A laterally-positioned backscatter 

detector approximately 50 mm away collected these x-rays, 

which were then analyzed for energy content (keV) and 
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associated with various energy levels of specific elements. 

In this case, the EDXS was programmed to detect the Kal 

(9.25 keV) and Kbl (10.2 keV) energy levels for gallium (as 

well as prominent levels for calcium). 

The relative intensity for these gallium x-rays was 

used to qualitatively indicate the presence of gallium on 

the root dentin being analyzed. Slow scans (ca. 20 min) of 

11 µm x 9 µm rectangular areas (ca. 100 µm2
) were made every 

500 µm in a straight line from the pulp chamber to the 

cementum in each root zone (Figures 3-5). Both calcium and 

gallium levels were -measured simultaneously. Since calcium 

· t l t't t f d t' (27"'o w/w), i't is presen as a norma cons J. uen o en in 

was used as an internal or reference standard. All gallium 

levels were expressed as a gallium/calcium ratio. 

SEM images of the specimens were made. 

Finally, 

The time constraints for this process (ca. 20 min per 

rectangle) limited the analysis to a single root specimen, 

which was scanned at the center of each of the three 

regions, as noted by the reference notches previously cut 

into the root surface. 

G. INDUCTIVELY COUPLED PLASMA-MASS SPECTROSCOPY 

Quantitation of the distribution of gallium across the 

root was done using the application of laser technology. An 

inductively-coupled plasma-mass spectrometer was used to 



Figure 3: _ 
Scanning Electron Microscope photomicrograph of Tooth #7, 
Side D, Cervical Region. Dotted line illustrates route 
taken during Electron Dispersive X-ray Spectroscopy (EDXS) 
analysis of the region. 
(Original magnification x 25) 
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Figure 4: 
Scanning Electron Microscope photomicrograph of Tooth #7, 
Side C, Middle Region. Dotted line illustrates route taken 
during Electron Dispersive X-ray Spectroscopy (EDXS) 
analysis of the region. 
(Original magnification x 25) 
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Figure 5: 
Scanning Electron Microscope photomicrograph of Tooth #7, 
Side D, Apical Region. Dotted line illustrates route taken 
during Electron Dispersive X-ray Spectroscopy (EDXS) 
analysis of the region. 
(Original magnification x 50) 
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analyze root dentin for the presence and relative quantity 

of gallium (Date & Gray, 1983; Serfass, 1986; Ghazi et al., 

1993; Lee et al., 1997). All of the laser ablation analyses 

done with the ICP-MS were performed at ambient temperature 

and atmospheric pressure. 

The entire length of a root half fit easily on the 

sample stage of the laser unit. The only requirement was 

that the root half had to lie with the flat sectioned 

surface parallel to the stage. The position of the root 

half for the laser was easily stabilized with utility wax. 

The radicular dentin was sampled for gallium analysis 

by spot ablation. This was accomplished through the 

controlled burst application of a Nd-YAG ultraviolet laser 

(266 nm) (Finnigan Mat, San Jose, CA). Once the stage was 

enclosed and properly positioned under the laser source, the 

surrounding air was evacuated and replaced with a steady 

stream of pure argon gas. Continuous rapid pulses of laser 

energy (4 pulses/sec or 4 Hz) were directed from above at an 

angle perpendicular to the sectioned root surface. The 

transference of light energy to the dentin caused a 

corresponding ablation of a specific' quantity of material 

from a tapered cylindrical zone measuring 70 µmin diameter 

at the sectioned dentin surface (Figures 6-11). The plume 

of particulate matter was then swept into the ICP-MS by the 

flow of argon gas (Figure 12). The ablation process was 



Figure 6: 
Scanning Electron Microscope photomicrograph of Tooth #6, 
Side A, Apical Region. All eleven laser ablation pits in 
region are clearly visible. Laser Ablation I Inductively 
Coupled Plasma-Mass Spectrometry (ICP-MS) was method of 
analysis. 
(Original magnification x 25) 

Figure 7: 
Scanning Electron Microscope photomicrograph of Tooth #6, 
Side A, Apical Region, Pits #7-11. Outermost five laser 
ablation pits in region are clearly visible. Laser Ablation 
I Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) was 
method of analysis. 
(Original magnification x 100) 
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Figure 8: 
Scanning Electron Microscope photomicrograph of Tooth #6, 
Side A, Apical Region, Pits #5-6. Two laser ablation pits 
in region are clearly visible. Laser Ablation I Inductively 
Coupled Plasma-Mass Spectrometry (ICP-MS) was method of 
analysis. 
(Original magnification x 250) 

Figure 9: 
Scanning Electron Microscope photomicrograph of Tooth #6, 
Side A, Apical Region, Pit #5. Laser ablation pit is being 
viewed from directly over orifice. Laser Ablation I 
Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) was 
method of analysis. 
(Original magnification x 800) 
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Figure 10: 
Scanning Electron Microscope photomicrograph of Tooth #6, 
Side A, Apical Region, Pit #6. Laser ablation pit is being 
viewed at an angle lateral to the orifice. Laser Ablation I 
Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) was 
method of analysis. 
(Original magnification x 1000) 

Figure 11: 
Scanning Electron Microscope photomicrograph of Tooth #6, 
Side A, Apical Region, Pit #5. Laser ablation pit is being 
viewed at an angle. lateral to the orifice. Laser Ablation I 
Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) was 
method of analysis. 
(Original magnification x 1000) 
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Figure 12: 
Schematic illustration of Laser Ablation I Inductively 
Coupled Plasma-Mass Spectroscopy apparatus. The figure 
demonstrates root dentin being sampled via laser ablation, 
yielding a plume of particulate that is swept into the mass 
spectrometer by a steady flow of argon gas. The video 
monitor provides a view of the tooth sample while the 
computer monitor provides a graphic reading of the counts 
per second associated with the selected isotopes being 
analyzed. 
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established with a 5 sec lead time to allow sufficient 

material to be ablated and transferred to the spectrometer 

before activation of the mass spectrometer. The controlled 

exposure time for each ablation, including the 40 sec 

required for 4 analytical passes by the ICP-MS, was 

approximately 45 sec. 

Within the ICP-MS, the particulate was heated within a 

plasma core to over 7000 °K, creating a field of charged 

particles. These charged particles were run through a 

series of lenses and analyzed for energy levels specifically 

associated with 43Ca, 44ca, 69Ga, 
71 and Ga. The analytical 

component of the ICP-MS made a su_ccession of passes through 

the spectrum of energy levels indicative of all the elements 

of the periodic table. Pilot studies indicated that the 

time required to do four passes (ca. 40 sec) would yield the 

most consistent results. The counts/sec (cps) for 44Ca, 69Ga 

and 71Ga recorded at each sample spot were compared with the 

counts/sec produced by nebulizing known quantities of 

standard concentrations of gallium and calcium in a nitric 

acid solution. This provided the sensitivity factors 

necessary for quantitating the amount of gallium that 

resided in the volume of root dentin that was ablated by the 

laser. Calculations of root gallium concentrations were 

based on quantitation of the amount of calcium ablated 

simultaneously in the same volume of dentin. 
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The dimensions of the ablation pits were determined by 

thinning one of the root dentin samples to about 2-3 mm in 

thickness after ICP-MS analysis, then fracturing it along 

the weakened plane created by the thinning and pits. The 

two halves were prepared for viewing (Figures 13-18) and 

direct measurements of pit depth and diameter were · made 

using an SEM. The pit depth was typically 330-350 µm while 

the pit diameter tapered down from 70 µmat the orifice to 

about 20-30 µmat the deepest point. 

H. ATOMIC ABSORPTION SPECTROPHOTOMETRY 

The water surrounding the root specimen and the fluid 

in the 5 µL samples taken from the root canal space were 

analyzed for the presence of gallium in an atomic absorption 

spectrophotometer at 294. 4 nm in a 10 cm flame of air-

acetylene. After making the appropriate dilutions, a 

minimum of 0.7 ml of.each sample was aspirated into the unit 

for an analytical run. 

I. STATISTIC ANALYSES 

In order to determine if there were statistically 

significant differences in the spatial distribution of 

gallium across radicular dentin in any specified region 

(cervical, middle or apical), regressional analysis was 

employed. Briefly, the gallium concentrations (ppm) were 



Figure 13: 
Scanning Electron Microscope photomicrograph of Tooth #6, 
Side B, Apical Region, following intentional fracture 
through row of ablation pits. Laser Ablation I Inductively 
Coupled Plasma-Mass Spectrometry (ICP-MS) was method of 
analysis. 
(Original magnification x 25) 

Figure 14: 
Scanning Electron Microscope photomicrograph of Tooth #6, 
Side B, Apical Region, Pits #1-#7, following intentional 
fracture through row of ablation pits. Laser Ablation I 
Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) was 
method of analysis. 
(Original magnification x 50) 
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Figure 15: 
Scanning Electron Microscope photomicrograph of Tooth #6, 
Side B, Apical Region, Pits #3-#7, following intentional 
fracture through row of ablation pits. Laser Ablation I 
Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) was 
method of analysis. 
(Original magnification x 100) 

Figure 16: 
Scanning Electron Microscope photomicrograph of Tooth #6, 
Side B, Apical Region, Pits #5-#6, following intentional 
fracture through row of ablation pits. Laser Ablation I 
Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) was 
method of analysis. 
(Original magnification x 200) 
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Figure 17: 
Scanning Electron Microscope photomicrograph of Tooth #6, 
Side B, Apical Region, Pit #5, following intentional 
fracture through row of ablation pits. View shows half of 
pit that opens onto sectioned dentin surface. Laser 
Ablation I Inductively Coupled Plasma-Mass Spectrometry 
(ICP-MS) was method of analysis. 
(Original magnification x 500) 

Figure 18: 
Scanning Electron Microscope photomicrograph of Tooth #6, 
Side B, Apical Region, Pit #5, following intentional 
fracture through row of ablation pits. View shows deep half 
of pit exposed by fracture. Laser Ablation I Inductively 
Coupled Plasma-Mass Spectrometry (ICP-MS) was method of 
analysis. 
(Original magnification x 500) 
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transformed into natural logs and these values were plotted 

against dentin thickness (mm) using a SAS/STAT system (SAS 

Institute Inc., Cary, NC). This yielded a least squares fit 

of the experimental data to a predicted line. Then, R

squared values were used to express the fit of the 

calculated line to the actual data. 

The amount of gallium in radicular dentin measured at 

the most peripheral laser ablation spot in each region was 

compared statistically using a one-way analysis of variance 

(gallium concentration versus location in cervical, middle 

or apical thirds). This analysis determined if there were 

any differences among the gallium concentrations from the 

root canal wall to the cementum -and between dentin in the 

cervical, middle and apical thirds of the root. If 

significant differences were found in the different regions, 

then multiple comparisons were done using Duncan's multiple 

range test. Statistical significance was defined as p<0.05. 



III. RESULTS 

A. DATA 

The EDXS analysis of the root dentin provided a semi

quantitative indication of the distribution of gallium along 

a single line in counts/min per µm2 (cpm/µm2
). 

The ICP-MS analysis similarly provided quantitative 

data in the form of counts. In this case, however, the 

intensity of the signal associated with each elemental 

isotope's mass was indicated in counts/sec (cps). The 

amount of calcium and gallium in each ablation pit was 

integrated over time to provide the intensity (in cps) of 

each element, in terms of specific isotopes for which the 

charged particulate was tested (43Ca and 71Ga for earlier 

trials or 44Ca and 71Ga for all other trials) . 

By nebulizing standard solutions that contained known 

amounts of calcium and gallium, the recorded cps of gallium 

could be compared to the recorded cps of calcium and the 

relative sensitivity of the ICP-MS to these elements 

determined. It was found that there were more cps per mass 

of gallium than calcium. Figure 19 shows a plot of 71Ga/ 44Ca 

sensitivity factors versus 44Ca cps. The sensitivity 
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Figure 19: 
Graph for plotting gallium "sensitivity factor": 71Ga/44Ca 
ratio determined from standard solution versus 71 Ga counts 
per second from test sample. 
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factors varied over a range of 1-16. By entering the 

equation of the line into a computer spread sheet (Excel, 

Microsoft Corp., Redmond, WA), the appropriate correction 

factor could be selected for the amount of gallium that was 

in any particular laser ablation. 

The AAS analysis yielded absorbance results which were 

intended to relate directly to standard gallium 

concentrations measured in µg/ml. However, the minimal 

volume of· water used to surround ·each root wa·s insufficient 

to provide accurate results. This problem was further 

compounded by the relatively poor detection sensitivity of 

the AAS to gallium, in particular, and to the low 

concentrations of gallium in the bathing water, in general. 

The gallium in the collection water was diluted to levels 

well below the 10-4 M detection limits of the instrument. 

The introduction of gallium nitrate into the canals of 

the five root samples in the experimental groups was 

completed for the projected seven-day period. Prior to 

completion of the ICP-MS analysis, however, one of the 

maxillary central incisors (Tooth #4) was lost. This was 

the tooth in Group III that had the citrated gallium nitrate 

changed daily. 

One of the maxillary molars (Tooth #8) was not used in 

the study as well. Pilot trials w·ere conducted on this 

sample to determine the number of mass spectrometer passes 
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and the spectrometer sensi ti vi ty modifier that would best 

suit the material in the experiment. The data accumulated 

usi;ig variable scan times ( related to either 2, 4 or 8 

pas~es by the ICP-MS) and variable modifiers (either Faraday 

or Secondary Electron Multiplier [SEM]) could not be used 

due to the absence of later-established optimal analytical 

parameters. 

The spatial distribution of gallium across radicular dentin 

is shown in Figures 20-25. Not every sectioned root half 

could be analyzed for gallium distribution on both sides of 

the canal in the cervical, middle and apical thirds. For 

instance, Figure 20 shows one half of·the root from Tooth 12 

which was exposed to 0.8 M citrate-chelated gallium nitrate 

for only 1 min. Then the solution was removed from the 

canal with absorbent paper points. In this, and all 

subsequent figures, the middle of the figure represents an 

endodontically-prepared root canal with about 2 mm of 

radicular dentin remaining between the external (i.e. 

cemental) and internal surfaces. Superimposed on the 

schematic of the root are graphs that indicate the change in 

gallium concentration (in ppm) from very near the root canal 

toward the external root surface. In this case, the 

concentration of gallium ranged from 50-60 ppm and then 

rapidly fell to levels of 5-10 ppm within 1.0 mm of the 

·canal. Although not shown, the gallium concentrations in 



Figure 20: 
Schematic diagram of Tooth #2 (maxillary cuspid) showing 
graphic representation of the spatial distribution of 
gallium (in ppm) in each region analyzed. Tooth #2 was a 
positive control that contained citrated gallium nitrate for 
only 1 minute. 
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the remaining 1.5 mm were very low and near the detection 

limit of the ICP-MS. When the same side of the root half 

was sampled for gallium distribution in the apical third 

(Figure 20), the levels were much lower and ranged from 10-

20 ppm_ near the canal, falling to <5 ppm 1. 0 mm from the 

root canal, where it remained as the dentin was sampled 

further peripherally. 

In Tooth #3, the root canal was filled with 0.8 M 

citrated gallium nitrate for 7 days. The distribution of 

gallium across both sides of a root half are shown in Figure 

21. In the cervical third of Side A, the gallium 

concentration started out very high, at about 250 ppm, and 

then gradually fell to a level of about 10 ppm 1. 5 mm 

peripheral to the root canal, where it remained throughout 

the remainder of the root thickness. On the other side of 

that root half, the amount of gallium in the cervical third 

was much lower, beginning at about 75 ppm and falling to <5 

ppm 0.75 mm from the root canal, where it remained 

throughout the remaining dentin thickness. In contrast, the 

gallium distribution on both sides of the root canal in the 

middle third were very similar (ca. 180 ppm) and both sides 

showed steady, gradual declines in gallium concentration, 

reaching levels of about 10 ppm at the periphery. 

In Tooth #5 (Figure 22), the gallium distribution which 

developed across the root over a 7 day period is shown for 



Figure 21: 
Schematic diagram of Tooth #3 (maxillary central incisor) 
showing graphic representation of the spatial distribution 
of gallium (in ppm) in each region analyzed. Tooth #3 
contained citrated galli~m nitrate for 7 days. 
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Figure 22: 
Schematic diagram of Tooth #5 (distal root of mandibular 
molar) showing graphic representation of the spatial 
distribution of gallium (in ppm) in each region analyzed. 
Tooth #5 contained citrated gallium nitrate for 7 days. 
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all three regions (cervical, middle and apical thirds). On 

Side A, the gallium concentration in the cervical third was 

slightly over 80 ppm near the root canal and fell gradually 

to about 35 ppm near the cementum. On Side B, the gallium 

concentration in the cervical third was about 70 ppm and 

fell slightly to 60 ppm 1. 0 mm from the canal. In the 

middle third on Side B, the initial gallium concentration 

was higher (ca. 100 ppm) and it showed an irregular 

distribution which rose near the peripheral surface to about 

60 ppm. Side A in the middle third began at 85 ppm and fell 

monotonically to about 20 ppm in peripheral dentin. The 

gallium distribution in the apical third began at 

undetectable levels near the root canal but then increased 

to about 30 ppm within 0.25 mm from the canal, which stayed 

relatively constant to the periphery. 

In Tooth lt6 (Figure 23), the distribution of gallium 

generally exhibited 

canal which fell 

higher 

as the 

concentrations 

dentin was 

near the 

sampled 

root 

more 

peripherally, reaching levels of about 10-20 ppm near the 

cementum. The exception was in the middle third on Side B, 

which showed an abnormally high gallium concentration half 

way across the dentin thickness (ca. 1. 0 mm), which fell 

slightly near the cementum but was still about 80 ppm. 

Generally, the gallium concentration of apical dentin was 

lower than that of cervical dentin. 



Figure 23: 
Schematic diagram of Tooth #6 (distal root of mandibular 
molar) showing graphic representation of the spatial 
distribution of gallium (in ppm) in each region analyzed. 
Tooth #6 contained citrated gallium nitrate for 7 days. 
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There were some anomalous results as well. In Tooth 

#7, which had received the same 7-day treatment as the 

others, the gallium distribution was very nonuniform. For 

instance, on Side A, although the gallium distribution in 

the cervical third was normal (Figure 24), it was almost 

undetectable on Side B .· In the middle third, there was 

little gallium on Side B. Yet, on Side A it rose from a low 

level near the -root canal to about 50 ppm neat the 

periphery. A similar b_ut lower concentration profile was 

seen in the apical third. The other half of the root of 

Tooth #7 was subjected to EDXS to analyze the distribution 

of gallium since this method relies on entirely different 

technology. 

anomalous 

instrument 

It is unfortunate that this specimen exhibited 

gallium 

time 

concentration 

required to 

profiles, 

collect 

since the 

statistically 

significant (i.e. coefficient of variation less than 1%) 

numbers was 20 min per 100 µm2 sampling region and was 

repeated every 500 µm across the root dentin. 

Nevertheless, the results obtained by EDXS (Figure 25) 

were similar to that obtained on the other half by laser 

ablation/ICP-MS (Figure 24). That is, both techniques 

showed that Side A/D had relatively high gallium 

concentrations near the root canal, w_hich fell to levels of 

10-30 ppm in peripheral dentin. Both techniques showed low, 

constant levels of gallium in middle dentin on Side B/C. 



Figure 24: 
Schematic diagram of Tooth #7 (palatal root of maxillary 
molar) showing graphic representation of the spatial 
distribution of gallium (in ppm) in each region analyzed. 
Tooth #7 contained citrated gallium nitrate for 7 days. 
Sides A & B were analyzed with ICP-MS .. 



A 

cervical Region 
120 

100 

80 

60 

40 

20 

0 

2 1.5 0.5 0 

Distance (mm) 

Middle Region 120 

100 

80 

60 

40 

20 

0 

2 1.5 0.5 0 
Distance {mm) 

Apical Region 

\._ .... 
1 0.5 0 

Distance (mm) 

Tooth #7 
7 day Ga 

ppm 

;:o 
0 
0 
-i 

n 
> 
z 
> 
r 

(/) 

"Cl 

> 
n 
m 

120 

100 

80 

60 

40 

20 

0 

120 

100 

80 

60 

40 

20 

0 

,o 

120 

100 

80 

60 

40 

20 

0 ~ 

0 

48 

B 

Cervical Region 

......... -~ . 
0.5 1.5 2 

Clstance {mm) 

Middle Region 

0.5 1.5 
Distance (mm) 



Figure 25: 
Schematic diagram of Tooth #7 (palatal root of maxillary 
molar) showing graphic representation of the spatial 
distribution of gallium (in ppm) in each region analyzed. 
Tooth #7 contained citrated gallium nitrate for 7 days. 
Sides C & D were analyzed with EDXS. 
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so 

The values were 10-20 ppm with the ICP-MS technique, and 

about 20 ppm with the EDXS technique. Both techniques 

showed that the gallium concentration in apical dentin on 

Side B/C was about 20 ppm (Compare Figures 24-25). The 

agreement between the two different methods on each half of 

the root from Tooth #7 suggests that both techniques can be 

used for this purpose. 

To determine whether there was a 

significant change in 

cervical, middle or 

gallium _concentration 

apical thirds of the 

statistically 

across the 

experimental 

specimens, the gallium concentrations were transformed into 

natural log numbers and subjected to regression analysis to 

obtain linear equations. These least squares fits were used 

to compare the experimental data to the predicted data and 

to generate R-square values to determine how well the 

equations accounted for the experimental data. Probability 

values were also calculated to compare the slopes of the 

lines to a slope of zero (i.e. no change in gallium 

concentration over the thickness of radicular dentin. These· 

results are summarized in Table I. 

B. CALCULATIONS 

The amount of gallium at the various points across the 

root dentin was quantitatively determined through the ICP-MS 

analysis. The data collected were converted to µg of 



Table I: 
Summary of the concentration of gallium that was obtained in 
peripheral dentin from all of the teeth, in all three 
regions. An ANOVA of the regional distribution of 
peripheral gallium concentration in cervical, middle and 

apical dentin gave mean± S.D. values of 30.4 ± 25.4, 19.7 ± 

18.0 and 16.3 ±19.8 ppm, respectively. These were not 
statistically significantly different p=0.0075. 



Table I: Summary of regression analysis of changes in gallium concentration across radicular dentin. 

Tooth # filW! Region Equation B-:.quaaul pVaJue 
2 B Cervical y = -2.13x + 4.24 0.94 0.0001 

B Apical y = -0.86x + 3.12 0.81 0.0001 

3 A Cervical y = -2.04x + 5.98 0.96 0.0001 

A Middle y-= -1.34x + 5.31 0.99 0.0001 
B Cervical y = -2.00x + 4.16 0.68 0.0220 
B Middle y = -1.03x + 5.21 0.96 0.0001 

5 A Cervical y = -0.80x + 4.01 0.64 0.0006 
A Middle y=-1.15x+4.10 0.77 0.0004 

A Apical y = 0.76x + 2.59 0.20 0.1920 
B Cervical y = -0.35x + 4.02 0.21 0.2500 
B Middle y = -0.50x + 4.33 0.40 0.0270 

6 A Cervical y = -0.51x + 3.28 0.10 0.3050 
A Middle y = -1.21x + 4.19 0.83 0.0001 

A Apical y = -1.09x + 3.76 0.70 0.0013 
B Middle y = -0.07x + 4.62 0.01 0.8970 
B Apical y = -0.43x + 4.17 0.43 0.0280 

7 A Cervical y = -0.93x + 3.72 0.33 0.0250 
A Middle y = 1.32x + 1.52 0.82 0.0050 

A Apical y = 1.15x + 1.87 0.84 0.0830 
B Cervical y = 0.22x + 2.07 0.07 0.5020 
B Middle y = 1.35x + 0.45 0.99 0.0100 

"The changes in gallium concentration (y) across the thickness of radicular dentin (x) was analyzed using regression analysis after 
transformation of the gallium concentrations using a natural log transformation. 

The R-squared value was used as an indicator of fit of the experimental data to the calculated exponential function. 
V, -
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gallium per g of ablated tooth structure for each pit (i.e. 

parts per million, or ppm) . This conversion was 

accomplished using two other corresponding measurements: the 

relative amount of calcium that accompanied the gallium from 

each sample ablation and the ICP-MS sensitivity factors for 

gallium versus calcium. 

The following assumptions were made in the subsequent 

calculations: 

1. That the calcium·concentration of dentin is uniform 

across root dentin and is 27 g/100 g of dry dentin 

(w/w, Jenkins, 1978). 

2. That the natural abundance of 43Ca and 44ca are 0 .135 

and 2. 06%, respectively (Handbook of Chemistry and 

Physics, 1970). 

3. That the natural abundance of 69Ga and 71Ga are 60. 4 

and 39.6%, respectively. 

4. That the density of dentin is 2.14 g/cm3 (Jenkins, 

1978) and uniform across root dentin. 

5. That, by expressing the amount of gallium in an 

ablation pit as the ratio of gallium cps to calcium 

cps, the differences in ablation depth due to over 

or under laser exposure could be normalized. 

6. That, by dividing the gallium cps by the Ga/Ca 

sensitivity factor, the same mass of gallium and 

calcium could be compared (Figure 19). 
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The gallium and calcium cps obtained simultaneously 

from a laser ablation site were entered into an Excel spread 

sheet. The gallium cps were divided by the appropriate 

sensitivity factor (a value in the range of 0-16) caused by 

gallium creating more signal per unit mass than did calcium. 

Then the 71Ga cps were divided by the 43Ca or 44Ca (depending 

on the stage of the experiment) to provide a Ga/Ca mass 

ratio. 

Both the numerator and the denominator had to be 

multiplied by the appropriate correction 

the total amount of gallium per gram 

factors to yield 

of dry dentin. 

Beginning with the numerator, the 71Ga cps were multiplied 

by 2. 53 since 71Ga represents 39. 6% of the total gallium 

present. The calcium cps were multi plied by 48. 54 ( for 

44Ca) or by 740. 7 (for 43Ca) since those isotopes represent 

2.06 or 0.135% of the total calcium. 

The corrected ratio of Ga/Ca represented the grams of 

total gallium divided by the grams percent of calcium. This 

value was multiplied by 3.82 since the total calcium 

represents 27% of the mass of dry dentin. This value 

provided the total gallium as a percent of the dry dentin. 

By converting the grams of total gallium to micrograms 

(multiplying by 10 6
) and by dividing by 100 to provide the 

,number of micrograms of gallium per gram of dry dentin, the 

final gallium concentration could be expressed in µg Ga/g 
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root dentin or parts per million, ppm. 

Table II summarizes the. concentration of gallium that 

was obtained in peripheral dentin from all of the teeth, in 

all three regions. An ANOVA of the regional distribution of 

peripheral gallium concentration in cervical, middle and 

apical dentin gave mean± S.D. values of 30.4 ± 25.4, 19.7 ± 

18.0 and 16.3 ±19.8 ppm, respectively. These were not 

statistically significantly different p=0.0075. 



Table II: 
Summary of the concentration of gallium that was obtained in 
peripheral dentin from all of the teeth, in all three 
regions, using ICP-MS. 



Table II: Summary of peripheral gallium concentrations of specimens by root region (ppm) determined by laser-ablation and ICP-MS. 

Region of Side of Thickness Sensitivity Peripheral 
To.2th Description Boot Ci!Di!I (mm) Ei!ctor Ga (ppm) 
#1 Negative Control (no Ga) Max C_uspid (oil) Cervical A 2.45* N/A 0 

Apical B 2.15* N/A 0 
#2 Positive Control (1 minute Ga) Max Cuspid (air) Cervical B 2.15** N/A 0 

Apical B 2.65 NIA 0 

#3 (7 days Ga) (Ghazi) (43Ca) Max Gen Incisor (oil) Cervical A 2.3 6.34 3.88 
Middle A 2.3 6.35 9.29 
Cervical B 1.75** 6.34 4.57 
Middle B 2.3 6.35 20.88 

#4 (7x1 day Ga) (Ghazi) Max Cen Incisor (oil) (lost) N/A N/A 
#5 (7 days Ga) Mand Molar (Distal) (oil) Cervical A 1.9 6.36 23.42 

Middle A 1.6 6.35 18.05 
Apical A 1.35 6.35 22.94 
Cervical B 1.75 6.42 53.54 
Middle B 1.75 6A2 54.43 

#6 (7 days Ga) Mand Molar (Distal) (air) Cervical A 1.75 6.49 39.18 
Middle A 1.75 6.36 8.22 
Apical A 1.45 6.35 11.24 
Middle B 1.6 6.41 73.86 
Apical B 1.9 6.37 28.59 

#7 (7 days Ga) Max Molar (Palatal) (oil) Cervical A 2.15 7.24 25.65 
Middle A 1.85 8.06 50.12 
Apical A 1.45 7.66 47.44 
Cervical B 2 7.16 17.81 
Middle B 1.55 6.78 8.17 

#8 (7 days Ga) Max Molar (Palatal) (air) (not used) N/A N/A 

* (readings taken along angled fracture; not along perpendicular route) 
** (cervical lingual region narrower than other lingual regions, due to flare of access opening) 

V, 
V, 



Tab1e III: 
Summary of the concentration of gallium that was obtained in 
peripheral dentin from the C & D sides of Tooth #7, in all 
three regions, using EDXS. 



Table Ill: Summary of peripheral gallium concentrations of specimens by root region (ppm) determined by EDXS. 

Region of Side of Thickness Sensitivity Peripheral 
I2!2lb Description Boot Ci!Di!I (mm) Ei!ctor Gil (ppm) 
#7 (7 days Ga) Max Molar (Palatal) (Eick) (oil) Middle C 1.55*** NIA 21.56 

Cervical D 2.15 NIA 24.87 
Apical D 1.45 NIA 22.52 

••• Originally planned on analyzing "D" side of Middle region, but fracture line through area caused localized charging 

u, 

°' 



IV. DISCUSSION 

The calculations for the concentration of gallium left 

in root dentin were based on the extrapolation of the data 

for the naturally present 71Ga isotope. Similar 

calculations were performed for the calcium composition of 

the dentin based on the data for the naturally present 44Ca 

isotope. In each case, the data for these isotopes had to 

be selected over the data for a more abundant natural 

isotope. 

Data for the 69Ga isotope were recorded for every 

sample of ablated dentin. Yet, despite an abundance of 60% 

in nature, the data for the less abundant isotope 71Ga were 

used. This decision was based on the tendency for 71Ga to 

consistently yield a more ideal distribution curve than 

69Ga. The peak for counts on the 71Ga curve consistently 

coincided with the corresponding atomic mass units (AMU) for 

71Ga, whereas the peak for the 69Ga curve was always slightly 

shifted to the left (towards 68 AMU) . The shifted peak 

could have been indicating the presence of additional counts 

from isotopes of other elements with a similar atomic mass. 

Consequently, the 71Ga curve was deemed a more reliable 

57 
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indicator of the absolute amount of gallium. 

In considering the detection of calcium, the potential 

for picking up unwanted counts from neighboring elements was 

a real concern. The two major is.otopes for calcium are not 

as evenly distributed as they are for gallium. The most 

abundant isotope for calcium is 40ca, which has a natural 

abundance of 96. 9%. The 40ca isotope could not be used, 

however, because the carrier gas used to transport ablated 

particulate matter to the ICP-MS is argon. 

atomic mass of 39.94, virtually the same as 

Argon has an 

the principal 

isotop~ of calcium. That effectively required the use of 

the next most abundant isotope, which was 44Ca at 2. 09%. 

One ·exception occurred early in the experiment (Tooth #3) in 

which case 43Ca, at 0.135% abundance, was the isotope 

selected. 

Before any calculations could be done with the 

corrected counts for total gallium and calcium, the relative 

sensitivity of the ICP-MS to these two elements needed to be 

established. 

Four different solutions of known concentrations of 

gallium and calcium in nitric acid were created using 

commercially prepared standards. These standard solutions 

were prepared with both ionized elements present in equal 

concentrations. They were prepared at concentrations of 50, 

100, 250 and 500 ppb (µg/L). 
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Each of these solutions was nebulized separately and 

the integrated counts were recorded for the same isotopes 

tested for in the tooth specimens. The counts for the 44Ca 

and 71Ga isotopes were adjusted for d:i.lution factors. Then 

these counts were plotted graphically against the 

concentrations of each element and the resultant slope was 

calculated (Figure 19). 

The slope, though relatively linear for the three 

higher concentration solutions, gave a slight negative y 

intercept that approached zero before flattening into a 

stabilized positive value. However, the equation accounted 

for 83% of the observations and, hence, was considered 

adequately predictive. The point on the curve that 

corresponded with each of the adjuste_d total gallium counts 

from the teeth then became a correction value indicative of 

the relative sensitivity of the ICP-MS to that element at 

that concentration, hence the term "sensitivity factor". 

In the results, it was indicated that assumptions were 

made regarding the uniform concentration of calcium in 

dentin. 

which 

This was based on the studies of Jenkins (1978), 

established the foundation for his definitive 

reference for oral physiology. Also, it was assumed that 

uniformity existed in the sample collection process for the 

ICP-MS, that the consistency of the laser source would yield 

a pit of uniform size and shape. Though this is a basic 
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premise of laser ablation for the ICP-MS, it is recognized 

that other variables other than the laser source (such as 

incident angle of the laser beam and duration of laser 

exposure) may affect the consistency of the lazing or 

ablating. 

The tooth specimen was positioned parallel to the stage 

surface and perpendicular to the projected laser beam. This 

position minimized the energy that may have been lost to 

possible deflection/reflection. 

Timing was monitored also. Each ablation proceeded for 

5 sec before initiating the first analytical pass by the 

ICP-MS to permit the plume of material to travel from the 

ablation site to the plasma furnace. Any sample pits 

inadvertently exposed to the laser source for more than 

those 5 sec were not included in the study. It is 

anticipated, however, that future software for the computer 

(Gateway 2000, North Sioux City, SD) used to control the 

ICP-MS will incorporate controls for the laser ablation 

attachment, as well. 

At this time, the timing and gate control for the laser 

are done manually with the use of a remote switchbox. This 

may have led to some ablations being slightly longer than 

others. In such cases, the pits would have been expected to 

be deeper and more calcium and gallium would have been 

ablated, but the ratio of 71Ga to 44Ca (or 43Ca) would remain 
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constant. This is why the ratio of these two elements was 

chosen for all calculations. 

The reproducibility of the ablation method was 

addressed. It was confirmed by "bra~keting" readings on a 

number of occasions during the sequential lateral sampling 

from the canal to the outer root surface. After obtaining 

an ablation at a specific site and before moving laterally 

to the next site, the laser target stage with the root 

sample positioned cervicoapically ( or "vertically", as 

viewed on the monitor receiving magnified video images from 

the overhead camera) was moved cervically 40-100 µm (2-5 

"jogs" of the stage) and apically 40-100 µm to obtain 

triplicate measurements of gallium within a small zone 

equidistant from the canal. The 71Ga cps from the "bracket" 

readings were generally within ±20% of the initial reading, 

but more significantly, the gallium/calcium ratio remained 

virtually the same (Appendix, Tables IV, V, and XX-XXIV). 

Preparation of the root canals in each tooth included 

the removal of the smear layer with EDTA. The endodontic 

smear layer was first reported by McComb et al. (1976). The 

formation of this layer has been attributed with reducing 

dentin permeability up to 49% (Fogel & Pashley, 1990). 

Irrigation with EDTA was one of the first means proposed for 

removing the smear layer (McComb et al., 1976) and is still 
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in prominent use today (Yoshida et al., 1995). 

The permeability of the dentin samples may have been 

affected by a number of variables. For example, variations 

in permeability in any region may have been dependent upon 

the presence of sclerotic dentin, the presence or lack of 

cementum associated with the root surface, the presence of 

trapped air bubbles posi ti.oned over the canal wall, .or 

physical blockage .of certain cervical dentinal tubules by 

positioning of the polyethylene tubing against the canal 

wall. 

During testing, notes were made regarding any readings 

that were taken in areas of dentin that had a distinctly 

opalescent or opaque appearance. Gallium values 

consistently dropped .off dramatically up.on entering these 

areas (Appendix, Tables XIII, XXII and XXIV) . It was not 

kn.own whether this disc.oloration of the dentin was present 

in the original ro.ot sample or if it occurred as a result .of 

the experiment. Speculation as t.o whether these areas are 

indicative of scler.otic dentin is .of particular interest. 

Previous studies (Pashley et al., 1991; Tagami et al., 1992) 

have shown that sclerotic dentin has a l.ower degree of 

permeability than unaffected dentin in the same tooth. 

The effect of cementum on the permeability .of root 

dentin is addressed in detail later in the discussion. 

It is possible that the poor diffusion of gallium 
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nitrate in some regions was due to the fact that, even at pH 

7, there are 10-7 moles/L of OH- in solution that can combine 

with ionized gallium at high 

insoluble Ga (OH) 3 (Galvan et al., 

gallium with citrate, however, 

concentrations to form 

1994) . By chelating the 

the effective gallium 

concentration should have been reduced to levels too low to 

precipitate as Ga(OH)3. 

The localized blocking of dentinal tubules by air 

bubbles or by the edge of the polyethylene tube was 

addressed as much as possible in the experimental method. 

The placement of the gallium nitrate solution into the canal 

was done with a 100 µL pipette with a narrow polyethylene 

deli very tube. This allowed for the delivery of solution 

directly to the apical region while reducing the risk of 

trapping air with the first drops. Deposition of solution 

continued by gradually injecting solution as- the deli very 

tube was withdrawn from the access opening. This did not 

guarantee that bubbles would be avoided, but it must have 

reduced the potential significantly. 

An effort was made to avoid placing the polyethylene 

tubing against the canal wall. However, this was difficult 

to do, especially since the tube needed to be firmly secured 

over the course of the week-long experiment. This would 

only have influenced the permeability of the cervical third 

of dentin. 
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The data showed that the molar's had higher 71Ga cps 

near the root surface than the cuspids or central incisors. 

This i's consistent with earlier in vivo dog studies (Pashley 

et al., 1981) that showed molars are more permeable than 

cuspids. However, it should be noted that the maxillary 

molar palatal roots and mandibular molar distal roots are 

generally smaller in diameter than the roots of the cuspids 

or central incisors. Therefore, it may be that higher 

concentrations were achieved near the root surface earlier 

in the posterior teeth simply because the gallium nitrate 

did not have to diffuse as far as it did in the larger 

diameter anterior teeth. 

Sectioning the teeth longitudinally through the widest 

dimension of the root helped reduce the eventuality that 

readings might be lower if taken in any other particular 

single (200 µm thick) plane. Therefore, it can be assumed 

that if there is any difference in the gallium concentration 

near the root in thinner sections, it is likely to be 

higher. 

The permeability of radicular dentin is lower than that 

of coronal dentin (Fogel et al., 1988). Since the thickness 

of cervical and middle radicular dentin is over 2.0 mm, even 

in endodontically prepared dentin, there is a large 

reduction in the concentration of solutes as they diffuse 

over such relatively large distances. Using 1. 0 mm thick 
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dentin disks, Bouillaguet et al. (1996) reported that the 

concentration of phenol applied to coronal dentin·fell 1000-

fold. Even larger reductions were found with larger 

molecules (Hanks et al., 1994) . Thus, we anticipated a 

1000- to 2000-fold fall in gallium concentration. 

The desired peripheral root/cementum concentration of 

gallium was 2 x 10-4 moles/L (Buyer, personal 

communication). A 2000-fold reduction in concentration 

would have required an applied concentration of 0.4 moles/L 

(2 x 10-4 moles/L x 2000). This predicted value was doubled 

and 0.8 moles/L gallium citrate was used. The average 

gallium concentration in the root periphery (Tables II & 

III) was about 20 ppm. As the applied concentration was 

55,760 ppm (0.8 moles/L gallium), there was a 2,788-fold 

fall in gallium concentration as it diffused across the 

radicular dentin. Although apical dentin is less thick, its 

permeability is even lower than that-of cervical or middle 

dentin (Tao et al., 1991) due to the presence of mineral 

crystals in the tubule lumina. This factor is probably more 

important than dentin thickness, resulting in apical dentin 

having about the same permeability to gallium as cervical or 

middle dentin, even though it was thinner. An analysis of 

variance of peripheral gallium concentration in the 

cervical, middle and apical regions failed to detect any 

statistically significant differences. 
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The surfaces of both halves of a sectioned root sample 

were cleaned during the sectioning. This was done to reduce 

'the "smearing" of the gallium on the root canal wall across 

the dentin to areas near the root surface where resultant 

gallium counts may become misrepresented. In addition to 

the precautionary steps taken during sectioning, a test was 

conducted during the ICP-MS analysis in an effort to confirm 

the readings that were being obtained from various points 

across the longitudinally-sectioned dentin surface. 

Data were gathered for the positive control (Tooth #2) 

just as it had been for the teeth in the experimental 

groups. At various points during the, ablating for the ICP

MS, an additional sample reading was taken from the floor of 

the previously just-concluded ablation pit. In each case 

the counts for all of the isotopes of interest were lower, 

but the gallium/calcium ratio remained the same (Appendix, 

Tables IV and V). These data revealed that deeper 

penetration into an ablation pit resulted 

particulate matter being displaced from the pit 

in less 

where it 

could be transported by the carrier gas to the ICP-MS. More 

importantly, however, was the fact that the ratio of gallium 

to the dentin's component calcium remained the same whether 

the material came from the surface of the sectioned dentin 

or from deep within the root specimen where it would be 

unaffected by "smearing" during the sectioning process. 
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Subsequent experiments demonstrated that the ablation 

pits were over 300 µm deep and at least 20 µmin diameter 

(Figures 19-24). Smear layers are generally 1-5 µm thick 

(Mader et al., 1984). Thus, even if smearing of gallium 

occurs during sectioning, it would only introduce an error 

of 0.33-1.66% (1/300-5/300). 

One variable that was not ad~ressed during sample 

selection and preparation was the presence or condition of 

the cementum layer covering the root surface. It has been 

established (Tronstad, 1988) that the cementum can act as a 

natural barrier to the destructive resorption process. The 

early stages of external osteoclastic activity, defined as 

surface resorption, are reversible while still limited to 

the cementum. During this time, the superficial defects are 

repaired by deposition of new cementum. 

thin layer of cementum is removed 

underlying dentin is exposed to the 

However, once 

or destroyed, 

osteoclasts and 

the 

the 

the 

resultant resorptive process becomes irreversible. Any 

repair that would occur at this point would be osseous. The 

ingrowth and fusion of bone into the root defect leads to 

ankylosis of the tooth. The pathological condition of the 

root is called replacement resorption. 

Based on these observations, the presence of a viable, 

contiguous cementum is certainly important to preventing the 

external ravages of replacement resorption. It would appear 
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that the cementum plays a similar role as an internal 

diffusion barrier as well. The atubular cementum acts as a 

wall at . the cementodental junction, slowing outward 

diffusion of gallium nitrate. 

In 68.2% of the experimental regions analyzed (13 of 19 

ICP-MS regions and 2 of 3 EDXS regions), the concentration 

of gallium in the outermost site was higher than that of 

sites closer to the root canal source. The first impression 

was that this might be due to gallium nitrate passing 

through accessory canals to the outside of the root and then 

collecting on the root surface. This was quickly 

discounted, however, when considering the dilution that 

occurs once the gallium dissolves into the surrounding 

distilled water. Indeed, that was the reason why the roots 

were suspended in water during the 7-day diffusion period. 

Analysis of that water for the presence of gallium using AAS 

indicated that the concentration was less than 10-4 moles/L. 

Many studies designed to evaluate the diffusibility of 

materials through dentinal tubules often specifically remove 

the cementum from the root surface (or, at least, create a 

"window" in the cementum) to better facilitate the diffusion 

process. In the present study, the cementum was left intact 

for two reasons. 

First, the clinical application of this method of 

intracanal medication recognizes the inherent 
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inaccessibility of the root surface in conservative therapy. 

There is no practical reason to surgically expose all or 

part of the root surface in order to remove the cementum 

barrier. The risks of such a procedure would significantly 

exceed any perceived benefits. 

The second reason .was addressed previously. The 

cementum acts as a natural barrier to external resorption. 

The early stages of surface resorption are reversible while 

still limited to the cementum, and any superficial damage is 

repaired by deposition of new cementum. However, if the 

thin layer of cementum is to be scraped away or otherwise 

removed, the underlying dentin will be exposed to the 

osteoclasts and the ensuing phase of the resorptive process 

would become irreversible. Any repair in the area of 

damaged or removed dentin will be osseous and lead to 

ankylosis of the affected tooth. If the cementum naturally 

counteracts osteoclastic activity of surface resorption, 

then there is no reason to have gallium work through 

cementum to the root surface. Additionally, the depth of an 

ablation pit would easily penetrate the thickness of most 

cementum (50-100 µm) and the resulting readings would be 

"contaminated" from the dentin near the root surface. 

Gallium was probably diffusing through the cementum 

into the surrounding water. An initial pilot study was done 

using a radioactive isotope of gallium ( 67Ga) as a marker 
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for gallium citrate (2 millicurie/ml solution). Gamma 

counts from the bathing water were noted after as short a 

diffusion time as one hour, thus demonstrating that gallium 

was not only diffusing through the dentin but through the 

cementum as well. 

Considering the overwhelming evidence supporting the 

diffusion of chelated gallium nitrate through dentinal 

tubules, it is reasonable to assume that even more gallium 

nitrate would be able to locally diffuse through the larger 

accessory canals (including furcal, lateral and apical delta 

canals) directly to the root surface and the periodontal 

ligament space. 

The use: of EDXS to evaluate the distribution of gallium 

in root dentin was important because, it is an independent 

technique. Table XXVI shows the distribution of gallium and 

calcium from the pulp chamber across 2.1 mm of cervical root 

dentin to the peripheral surface. Unlike the laser-ablated 

ICP-MS calcium data, the EDXS measurements indicated very 

uniform distribution of calcium. This validates one of the 

assumptions in the calculations used in this study, that the 

distribution of calcium was- uniform throughout the root 

dentin. In the adjacent column (Appendix, Table XXVI) are 

listed the gallium concentrations in cervical dentin at the 

same positions that were used to simultaneously measure 

calcium distribution. Note that the gallium concentration 
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fell from a high value near the root canal to a low value 

near the cementum. This technique is not quantitative, but 

can be considered semi-quantitative. That is, in cases such 

as this, where two elements are 

simultaneously in the same analyse,s, 

being detected 

the technique can 

provide important information on the changes in gallium 

distribution relative to that of calcium. 

Tooth #7 had a very long palatal root which was 

sectioned into three parts. Each was fixed to separate 

stubs. Since the EDXS is sensitive to the angulation of the 

electron beam to the dentin surface, it is not surprising 

that the calcium concentrations measured in the three 

regions (cervical, middle and apical) are different. What 

is valid, however, is the relative distribution of gallium 

versus calcium within any region. The results indicate that 

middle and apical dentin had low, constant gallium levels 

throughout their thickness, unlike cervical dentin which 

showed higher levels and a distinct concentration gradient. 

The laser-ablation ICP-MS data are quantitative but, 

because that analysis is more sensitive, showed more 

varlability. The opposite half of the palatal root of Tooth 

#7 was analyzed by ICP-MS. Thus, the results would not be 

expected to be identical to the EDXS but somewhat similar. 

Beginning with the cervical third (Appendix, Table XX), 

the ICP-MS results show the gallium level falling from 129 
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ppm near the root canal (Position #2) to about 5 ppm half 

way across (Position #9) and then increasing to 39 ppm just 

under the cementum (Position #16). In the middle third of 

the root (Appendix, Table XXI), the gallium levels were very 

low (ca. 5 ppm) near the canal (Position #1) and could not 

be detected again until Position'#12 (1.58 mm from the root 

canal) where they were 38 ppm. The value at the peripheral 

root surface then fell to 31 ppm (Position #14b). In the 

apical third of the root (Appendix, Table XXII), the gallium 

level near the root canal (Position #1) was 11 ppm which 

fell to 6 ppm when the apical root dentin was sampled 130 µm 

further peripherally (Position #2). Due to technical 

difficulties, gallium could not be sampled until Position 

#10 (1.32 mm from the root canal) where it was 23 ppm and 

then rose to 45 ppm 130 µm closer to· the external surface, 

just beneath the cementum (Position #llb). 

The EDXS data were not corrected for any sensitivity 

factors for gallium or calcium. The ratio of gallium to 

calcium is the fractional concentration of gallium with 

respect to calcium or the number of grams of gallium per 100 

grams of calcium. Since cal·cium is 27% of dentin, 

multiplying the gallium/calcium ratio by (100/27=) 3.817 

expresses the grams of gallium per 100 grams of dentin. 

Using the same calculations that were used with the ICP-MS 

data, it was possible to express the gallium concentration 
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in µg per g of dentin or parts per million (ppm), the most 

commonly used manner of expressing the concentration of 

elements in solids. 

By multiplying both the numerator and denominator by 

10 3 to convert the gallium concentration into mg Ga/kg 

dentin and then dividing by the molecular weight of gallium, 

69.7 g/mole, the molar concentration of gallium can be 

calculated. This "molar concentration" is in moles/kg. To 

obtain the concentration in moles/L, multiply by 2.14 kg/L, 

the density of dentin. 

The goal of this research was to determine if placing 

0.8 mole/L gallium citrate in the root canal would achieve a 

peripheral root concentration that was high enough to 

inhibit osteoclasts. That critical value has been 

determined to be moles/L (Buyer, unpublished 

observations). Tables II-III summarize the most peripheral 

root concentrations of gallium from the analyzed regions of 

all the specimens. Using the uncorrected 

concentrations, all specimens exhibited 

concentrations greater than 10-4 moles/L (7 ppm). 

gallium 

gallium 

Even if 

the lowest gallium concentration is divided by 6 (the 

average sensitivity factor that was used to divide the 

gallium cps to make them equally sensitive to the same mass 

of calcium) , the peripheral concentrations of root gallium 

still exceeded 10-4 moles/L. 
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Thus, it is concluded that a.root canal dressing of 0.8 

moles/L citrated gallium nitrate (pH 7.2) placed for 7 days, 

produces external root gallium concentrations sufficient to 

inhibit osteoclastic root resorption. 

There is a danger, however, that higher concentrations 

of gallium might reach the periodontium via patent lateral 

or accessory canals, causing localized cytotoxicity to 

fibroblasts, cementoblasts and osteoblasts. Schedle et al. 

(1995) found gallium chloride to be cytotoxic to human 

gingival fibroblasts at 10-4 moles/L. Thus, the 

concentration of gallium that inhibits osteoclast-like cell 

adherence to dentin may also inhibit gingi val fibroblast 

development. That is, moles/L gallium may 

nonspecifically inhibit the metabolic activity of a number 

of cells. Since most of the peripheral root concentrations 

of gallium exceeded the target concentration of 10-4 

moles/L, the concentration of gallium applied to the 

prepared root canal could be reduced to about 0.1 moles/L to 

lessen the possible cytotoxic effects to periodontal 

fibroblasts and cementoblasts. Therefore, these results, 

while promising, must be carefully evaluated by in vivo 

animal studies before this method.can be recommended for use 

in humans as a therapy to prevent or stop inflammatory root 

resorption. 



V. SUMMARY 

Topical application of gallium salt solutions to 

radicular dentin is thought to inhibit osteoclastic activity 

characteristic of root resorption. However, a definitive 

means of delivering a therapeutic dose ( 10-4 M) of gallium 

to a root surface in instances where the root surface is not 

readily accessible has not been described. The results of 

this study suggest that radicular dentin may be treated from 

within, using a prepared root canal as a "medicament 

reservoir". This approach could prove to be invaluable for 

the preventative treatment of resorption in traumatically 

luxated teeth, avulsed teeth that have already been 

replanted, or any tooth that has begun to show the early 

signs of root resorption. regardless of etiology. 
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Table IV: Gallium Nitrate (1 minute) in Tooth #2B (Maxillary Cuspid; llir:-cooled section; 11.Q H20) 

ICP-MS: 15 October 1996 
CeryjcaJ Region (Lingual Side) 

Distance 
(mm) 44Ca 71Ga 

#1 0.083 9165000 3012450 
#1b 0.083 8926125 2496000 
#1c 0.083 7215000 2613000 
#2 0.166 7414875 2861625 
#3 0.249 7273500 2812875 
#4 0.332 4085250 1730625 
#4b 0.332 6888375 1750125 
#4b2 0.332 4524000 1326000 
#4b3 0.332 2554500 672750 
#4c 0.332 5489250 1647750 
#4c2 0.332 5074875 1096085 
#4c3 0.332 2442325 653250 
#5 0.415 5835375 1067625 
#6 0.498 4450875 692250 
#7 0.581 3797625 736125 
#8 0.664 6790875 682500 
#9 0.747 5518500 502125 
#10 0.830 6483750 463125 
#11 0.913 6571500 502125 
#12 0.996 6352125 502125 
#13 1.079 8126625 404625 
#13b 1.079 8258250 409600 
#13c 1.079 9979125 463125 
#25 2.075 9530625 ND 
#26 2.158 4899375 ND 
#26b 2.158 3982875 ND 
#26c 2.158 5460000 ND 

Sens. 
Value 
71Ga 

8.81 
8.40 
8.50 
8.69 
8.65 
7.78 
7.79 
7.44 
6.88 
7.71 
7.24 
6.86 
7.22 
6.89 
6.93 
6.89 
6.73 
6.69 
6.73 
6.73 
6.64 
6.65 
6.69 

Corr. Corrected 
Cone. RATIO 

71 Ga 71 Gar"'ca 

341935 0.04 
297069 0.03 
307577 0.04 
329226 0.04 
325051 0.04 
222504 0.05 
224543 0.03 
178261 0.04 
97830 0.04 

213744 0.04 
151336 0.03 
95230 0.04 
147904 0.03 
100417 0.02 
106193 -0.03 
99125 0.01 
74641 0.01 
69197 0.01 
74641 0.01 
74641 0.01 
60927 0.01 
61635 0.01 
69197 0.01 

Total 
Ca 

438545250 
427115081 
345237750 
354801769 
348036975 
195479213 
329608744 
216473400 
122232825 
262660613 
242832769 
116865251 
279222694 
212974369 
181716356 
324943369 
264060225 
310247438 
314446275 
303949181 
388859006 
395157263 
477501131 
456040406 
234435094 
190580569 
261261000 

Total 
Corr. 

Ga 

7531125 
6240000 
6532500 
7154063 
7032188 
4326563 
4375313 
3315000 
1681875 
4119375 
2740213 
1633125 
2669063 
1730625 
1840313 
1706250 
1255313 
1157813 
1255313 
1255313 
1011563 
1024000 
1157813 

Total 
Ga/Ca 

0.02 
0.01 
0.02 
0.02 
0.02 
0.02 
0.01 
0.02 
0.01 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Total Ga/ 
dry dentin 

(g Gal 
100 _g_ tooth) 

0.005 
0.004 
0.005 
0.005 
0.005 
0.006 
0.003 
0.004 
0.004 
0.004 
0.003 
0.004 
0.003 
0.002 
0.003 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 

Total Ga/ 
dry dentin 

(µg Ga/ 
g tooth) Relative% 

45.00 78% 
38.29 66% 
49.59 85% 
52.84 91% 
52.95 91% 
58.00 100% 
34.79 60% 
40.13 69% 
36.06 62% 
41.10 71% 
29.57 51% 
36.62 63% 
25.05 43% 
21.29 37% 
26.54 46% 
13.76 24% 
12.46 21% 
9.78 17% 
10.46 18% 
10.82 19% 
6.82 12% 
6.79 12% 
6.35 11% 

00 
w 



Table V: Gallium Nitrate (1 minute) in Tooth #2B (Maxillary Cuspid; slir-cooled section; IlQ H20) 

ICP-MS: 15 October 1996 
AJ2ii;l!_[ Region (Lingual Side) 

#1 
#2 
#2b 
#2c 
#3 
#4 
#5 
#6 
#7 
#8 
#Sb 
#8b2 
#Be 
#8c2 
#9 
#10 
#11 
#12 
#13 
#13b 
#13c 
#14 
#15 
#16 
#17 
#18 
#19 
#20 
#21 
#22 

Distance 
(mlTI) 

0.12 
0.24 
0.24 
0.24 
0.36 
0.48 
0.60 
0.72 
0.84 
0.96 
0.96 
0.96 
0.96 
0.96 
1.08 
1.20 
1.32 
1.44 
1.56 
1.56 
1.56 
1.68 
1.80 
1.92 
2.04 
2.16 
2.28 
2.40 
2.52 
2.64 

44ca 71Ga 

12260625 1881750 
9184500 1101750 
8672675 853125 
9652500 1262625 
10681125 760500 
7639125 1603875 
6493500 692250 
10300875 906750 
10388625 940875 
9447750 1087825 
11665874 706875 
4329000 472875 
15526875 906750 
4660500 429000 
11149125 624000 
12928495 482650 
12255750 594750 
11334375 638625 
14766375 570375 
9121125 697125 
15073500 628875 
16155750 492375 
13406250 599625 
15434250 424125 
16360500 511875 
16872375 492375 
18164250 ND 
16048500 ND 
16423875 ND 
9403875 ND 

Sens. 
Value 
71Ga 

7.90 
7.25 
7.03 
7.38 
6.95 
7.67 
6.89 
7.08 
7.11 
7.24 
6.91 
6.70 
7.08 
6.66 
6.83 
6.71 
6.81 
6.85 
6.79 
6.90 
6.84 
6.72 
6.81 
6.66 
6.74 
6.72 

Corr. 
Cone. 
11Ga 

238104 
152016 
121294 
170977 
109374 
209046 
100417 
128073 
132343 
150342 
102349 
70563 
128073 
64388 
91307 
71930 
87354 
93272 
84038 
101062 
91963 
73285 
88015 
63698 
75994 
73285 

Corrected 
RATIO 

71Gai"Ca 

0.02 
0.02 
0.01 
0.02 
0.01 
0.03 
0.02 
0.01 
0.01 
0.02 
0.01 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.00 
0.01 
0.00 
0.00 
0.00 

Total 
Ca 

586670906 
439478325 
414987499 
461872125 
511091831 
365532131 
310713975 
492896869 
497095706 
452074838 
558212071 
207142650 
742960969 
223004925 
533485631 
618628486 
586437638 
542349844 
706571044 
436445831 
721266975 
773052638 
641489063 
738528863 
782849925 
807343144 
869159363 
767920725 
785882419 
449975419 

Total 
Corr. 

Ga 

4704375 
2754375 
2132813 
3156563 
1901250 
4009688 
1730625 
2266875 
2352188 
2719563 
1767188 
1182188 
2266875 
1072500 
1560000 
1206625 
1486875 
1596563 
1425938 
1742813 
1572188 
1230938 
1499063 
1060313 
1279688 
1230938 

Total 
Ga/Ca 

0.008 
0.006 
0.005 
0.007 
0.004 
0.011 
0.006 
0.005 
0.005 
0.006 
0.003 
0.006 
0.003 
0.005 
0.003 
0.002 
0.003 
0.003 
0.002 
0.004 
0.002 
0.002 
0.002 
0.001 
0.002 
0.002 

Total Ga/ Total Ga/ 
dry dentin 

(g Ga/ 
100 g tooth) 

0.002 
0.002 
0.001 
0.002 
0.001 
0.003 
0.001 
0.001 
0.001 
0.002 
0.001 
0.001 
0.001 
0.001 
0.001 · 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.000 
0.001 
0.000 
0.000 
0.000 

dry dentin 
(µg Ga/ 
g tooth) Relative % 

21.01 73% 
16.42 57% 
13.47 47% 
17.91 62% 
9.75 34% 

28.75 100% 
14.60 51% 
12.05 42% 
12.40 43% 
15.76 55% 
8.30 29% 
14.96 52% 
8.00 28% 
12.60 44% 
7.66 27% 
5.11 18% 
6.64 23% 
7.71 27% 
5.29 18% 
10.46 36% 
5.71 20% 
4.17 15% 
6.12 21% 
3.76 13% 
4.28 15% 
4.00 14% 00 

.i,. 



Table VI: Gallium Nitrate (7 days) in Tooth #3A (Maxillary Central Incisor; oil-cooled section)(solution in canal not changed) 

ICP-MS: April 1996 (Ghazi) 
Cervjcal Region (Facial Side) 

#1 
#2 
#3 
#4 
#5 
#6 
#7 
#8 
#9 
#10 
#11 
#12 
#13 
#14 
#15 
#16 
#17 

Distance 

(mm) 

0.135 
0.270 
0.405 
0.540 
0.675 
0.810 
0.945 
1.080 
1.215 
1.350 
1.485 
1.620 
1.755 
1.890 
2.025 
2.160 
2.295 

4'ca 71Ga 

120000 3400000 
X X 

100000 1700000 
X X 

X X 

110000 1870000 
X X 

X X 

X X 

170000 310000 
X X 

X X 

X X 

121000 140000 
X X 

130000 60000 
187000 82000 

Total 

Ca 

88888800 

74074000 

81481400 

125925800 

89629540 

96296200 
138518380 

Total' 

Ga 

8500000 

4250000 

4675000 

775000 

350000 

150000 
205000 

Ratio 

Ga/Ca 

0.096 

0.057 

0.057 

0.006 

0.004 

0.002 
0.001 

g Ga/ µg Ga/ Relative% 

1 00g tooth g tooth 

0.025 250.59 100% 

0.015 150.35 60% 

0.015 150.35 60% 

0.002 16.13 6% 

0.001 10.23 4% 

0.000 4.08 2% 
0.000 3.88 2% 

00 
Vl 



Table VII: Gallium Nitrate (7 days) in Tooth #3A (Maxillary Central Incisor; oil-cooled section)(solution in canal not changed) 

ICP-MS: April 1996 (Ghazi) 
Middle Region (Facial Side) 

Distance 

(mm) 43Ca 71Ga 

#1 0.135 110252 2194360 
#2 0.270 X X 

#3 0.405 126140 1486874 
#4 0.540 X X 

#5 0.675 116720 1196811 
#6 0.810 X X 

#7 0.945 168972 1129037 
#8 1.080 X X 

#9 1.215 187920 787643 
#10 1.350 X X 

#11 1.485 192562 587970 
#12 1.620 X X 

#13 1.755 200000 420000 
#14 1.890 X X 

#15 2.025 220000 344000 
#16 2.160 X X 

#17 2.295 200000 210000 

Total 

Ca 

81668066 

93436944 

86459173 

125164319 

139199861 

142638376 

148148000 

162962800 

148148000 

Total 

Ga 

5485900 

3717185 

2992028 

2822593 

1969108 

1469925 

1050000 

860000 

525000 

Ratio 

Ga/Ca 

0.067 

0.040 

0.035 

0.023 

0.014 

0.010 

0.007 

0.005 

0.004 

g Ga/ µg Ga/ Relative % 

100g tooth _!!_ tooth 

0.018 176.03 100% 

0.010 104.25 59% 

0.009 90.69 52% 

0.006 59.10 34% 

0.004 37.07 21% 

0.003 27.01 15% 

0.002 18.57 11% 

0.001 13.83 8% 

0.001 9.29 5% 

00 
Cl\ 



Table VIII: Gallium Nitrate (7 days) in Tooth #3B (Maxillary Central Incisor; Qil-cooled section)(solution in canal not changed) 

ICP-MS: April 1996 (Ghazi) 
Cervical Region (Lingual Side) 

#1 
#2 
#3 
#4 
#5 
#6 
#7 
#8 
#9 
#10 
#11 
#12 
#13 

Distance 

(mm) 

0.135 
0.270 
0.405 
0.540 
0.675 
0.810 
0.945 
1.080 
1.215 
1.350 
1.485 
1.620 
1.755 

43Ca 

410000 
X 

240000 
X 

210000 
X 

260000 
X 

170000 
X 

180000 
X 

120000 

71Ga 

3600000 
X 

1700000 
X 

230000 
X 

75000 
X 

79000 
X 

71000 
X 

62000 

Total 

Ca 

303703400 

177777600 

155555400 

192592400 

125925800 

133333200 

88888800 

Total 

Ga 

9000000 

4250000 

575000 

187500 

197500 

177500 

155000 

Ratio 
Ga/Ca 

0.030 

0.024 

0.004 

0.001 

0.002 

0.001 

0.002 

g Ga/ µg Ga/ Relative% 
1 00g tooth _!!_ tooth 

0.008 77.66 100% 

0.006 62.65 81% 

0.001 9.69 12% 

0.000 2.55 3% 

0.000 4.11 5% 

0.000 3.49 4% 

0.000 4.57 6% 

00 
-i 



Table IX: Gallium Nitrate (7 days) in Tooth #38 (Maxillary Central Incisor; oil-cooled section)(solution in canal not changed) 

ICP-MS: April 1996 (Ghazi) 
Middle Region (Lingual Side) 

Distance 

(rn_m1 43Ca 71 Ga 

#1 0.135 100938 2127389 
#2 0.270 X X 

#3 0.405 128188 1487624 
#4 0.540 X X 

#5 0.675 108972 992672 
#6 0.810 X X 

#7 0.945 111765 982608 
#8 1.080 X X 

#9 1.215 152170 1071891 
#10 1.350 X X 

#11 1.485 156689 658484 
#12 1.620 X X 

#13 1.755 182203 553312 
#14 1.890 X X 

#15 2.025 193173 424125 
#16 2.160 X X 

#17 2.295 204140 482015 

Total 
Ca 

74768814 

94953979 

80719919 

82788806 

112718406 

116065810 

134965050 

143090968 

151214664 

Total 
Ga 

5318473 

3719060 

2481680 

2456520 

2679728 

1646210 

1383280 

1060313 

1205038 

Ratio 
Ga/Ca 

0.071 

0.039 

0.031 

0.030 

0.024 

0.014 

0.010 

0.007 

0.008 

g Ga/ µg Ga/ Relative % 
1 ODg tooth g tooth 

0.019 186.41 100% 

0.010 102.64 55% 

0.008 80.57 43% 

0.008 77.76 42% 

0.006 62.30 33% 

0.004 37.17 20% 

0.003 26.86 14% 

0.002 19.42 10% 

0.002 20.88 11% 

00 
00 



Table X: Gallium Nitrate (7 days) in Tooth #SA (D root, Mandibular Molar; Qil-cooled section) 

ICP-MS: 21 August 1996 
CervjcaJ Region (Notched Side) 

#1 
#2 
#3 
#4 
#5 
#6 
#7 
#8 
#9 
#10 
#11 
#12 
#13 
#14 
#14b 

Distance 
(mm} 

0.136 
0.272 
0.408 
0.544 
0.680 
0.816 
0.952 
1.088 
1.224 
1.360 
1.496 
1.632 
1.768 
1.904 
1.904 

44Ca 71 Ga 

291802 177938 
354656 126750 
581544 142594 
546000 152344 
792188 177938 

1159032 190125 
2593500 435094 
2545969 353488 
1804968 301032 
2155968 169406 
2275406 187688 
585000 97500 

1755000 154782 
380250 76782 
505903 86532 

Sens. 

Value 
71 Ga 

6.44 
6.39 
6.41 
6.42 
6.44 
6.45 
6.67 
6.60 
6.55 
6.43 
6.45 
6.37 
6.42 
6.35 
6.36 

Corr. Corr. 

Cone. RATIO 
71Ga 71Gaf"Ca 

27631 0.09 
19823 0.06 
22252 0.04 
23741 0.04 
27631 0.03 
29474 0.03 
65250 0.03 
53592 0.02 
45963 0.03 
26337 0.01 
29106 0.01 
15311 0.03 
24113 0.01 
12093 0.03 
13610 0.03 

Total 
Ca 

13962726 
16970290 
27826880 
26126100 
37906196 
55459681 

124098975 
121824617 
86367719 

103163069 
108878177 
27992250 
83976750 
18194963 
24207459 

Total 
Corr. 

Ga 

444845 
316875 
356485 
380860 
444845 
475313 
1087735 
883720 
752580 
423515 
469220 
243750 
386955 
191955 
216330 

Total 
Ga/Ca 

0.032 
0.019 
0.013 
0.015 
0.012 
0.009 
0.009 
0.007 
0.009 
0.004 
0.004 
0.009 
0.005 
0.011 
0.009 

Total Ga/ Total Ga/ 
dry dentin 

(g Gal 

100 g tooth) 

0.008 
0.005 
0.003 
0.004 
0.003 
0.002 
0.002 
0.002 
0.002 
0.001 
0.001 
0.002 
0.001 
0.003 
0.002 

dry dentin 
(µg Ga/ 

g tooth} Relative% 

83.49 100% 
48.93 59% 
33.57 40% 
38.20 46% 
30.75 37% 
22.46 27% 
22.97 28% 
19.01 23% 
22.83 27% 
10.76 13% 
11.29 14% 
22.82 27% 
12.08 14% 
27.65 33% 
23.42 28% 

00 
ID 



Table XI: Gallium Nitrate (7 days) in Tooth #SA (D root, Mandibular Molar; Qil-cooled section) 

ICP-MS: 21 August 1996 
Middle Region (Notched Side) 

Distance 
(mm) 44Ca 71Ga 

#1 0.133 257156 158437 
#2 0.266 322969 106031 
#3 0.399 354656 86531 
#4 0.532 342150 57282 
#5 0.665 388781 93844 
#6 0.798 422906 56062 
#7 0.931 572812 79219 
#8 1.064 526500 56062 
#9 1.197 526500 62156 
#10 1.330 593531 49968 
#11 1.463 600844 79218 
#12 1.596 604500 ND 

Sens. 
Value 
71Ga 

6.42 
6.38 
6.36 
6.33 
6.36 
6.33 
6.35 
6.33 
6.34 
6.33 
6.35 

Corr. Corr. 
Cone. RATIO 

71 Ga 71Gat4Ca 

24669 0.10 
16631 0.05 
13610 0.04 
9047 0.03 

14745 0.04 
8856 0.02 

12473 0.02 
8856 0.02 
9810 0.02 
7900 0.01 
12472 0.02 

Total 
Ca 

12304915 
15454067 
16970290 
16371878 
18603171 
20236052 
27409054 
25193025 
25193025 
28400458 
28750385 

Total 
Corr. 

Ga 

396093 
265078 
216328 
143205 
234610 
140155 
198048 
140155 
155390 
124920 
198045 

Total Ga/ Total Ga/ 
dry dentin dry dentin 

Total (g Gal (µg Gal 

Ga/Ca 100 g tooth) g tooth) Relative% 

0.032 0.008 84.35 100% 
0.017 0.004 44.95 53% 
0.013 0.003 33.41 40% 
0.009 0.002 22.92 27% 
0.013 0.003 33.05 39% 
0.007 0.002 18.15 22% 
0.007 0.002 18.94 22% 
0.006 0.001 14.58 17% 
0.006 0.002 16.16 19% 
0.004 0.001 11.53 14% 
0.007 0.002 18.05 21% 

I.O 
0 



Table XII: Gallium Nitrate (7 days) in Tooth #SA (D root, Mandibular Molar; .Qil-cooled section) 

ICP-MS: 21 August 1996 
Anil:lll Region (Notched Side) 

#1 
#2 
#3 
#4 
#5 
#6 
#Sa 
#7 
#8 
#9 
#10 

Distance 

{mm) 

0.135 
0.270 
0.405 
0.540 
0.675 
0.810 
0.810 
0.945 
1.080 
1.215 
1.350 

44ca 

8275325 
536250 
1079812 
728812 
762938 

X 

660562 
659344 
605718 
605718 
472876 

71Ga 

218156 
143812 
208406 
131624 
143812 

X 

137718 
169406 
180374 
103594 
79218' 

Sens. Corr. 
Value Cone. 
11Ga 11Ga 

6.48 33688 
6.41 22438 
6.47 32226 
6.40 20571 
6.41 22438 

6.40 21505 
6.43 26337 
6.44 28000 
6.37 16254 
6.35 12472 

Corr. 
RATIO 

71 Gaf"Ca 

0.004 
0.042 
0.030 
0.028 
0.029 

0.033 
0.040 
0.046 
0.027 
0.026 

Total 
Ca 

395974301 
25659563 
51669004 
34873654 
36506583 

31607892 
31549610 
28983606 
28983606 
22627117 

Total 
Corr. 

Ga 

545390 
359530 
521015 
329060 
359530 

344295 
423515 
450935 
258985 
198045 

Total Ga/ Total Ga/ 
dry dentin 

Total (g Ga/ 
Ga/Ca 100 g tooth) 

0.001 0.000 
0.014 0.004 
0.010 0.003 
0.009 0.002 
0.010 0.003 

0.011 0.003 
0.013 0.004 
0.016 0.004 
0.009 0.002 
0.009 0.002 

dry dentin 
(µg Gal 
_g_ tooth) Relative % 

3.61 9% 
36.72 90% 
26.42 65% 
24.73 61% 
25.81 63% 

28.54 70% 
35.18 86% 
40.77 100% 
23.42 57% 
22.94 56% 

\0 ...... 



Table XIII: Gallium Nitrate (7 days) in Tooth #58 (D root, Mandibular Molar; .Qil-cooled section) 

ICP-MS: 21 August 1996 
CeryjcaJ Region (other Side) 

#1 
#2 
#3 
#4 
#5 
#6 
#7 
#8 
#9 
#10 
#11 
#12 
#13 

Distance 

{mm) 

0.135 
0.270 
0.405 
0.540 
0.675 
0.810 
0.945 
1.080 
1.215 
1.350 
1.485 
1.620 
1.755 

44Ca 71Ga 

630094 313218 
491032 154782 
532594 169406 
343688 123094 
369282 113344 
558188 179156 
546000 110906 
408282 159656 
385125 ND 
441188 ND 
398532 ND 
359432 ND 
285188 ND 

Sens. 

Value 
71Ga 

6.56 
6.42 
6.43 
6.39 
6.38 
6.44 
6.38 
6.42 

Corr. 
Cone. 
71Ga 

47745 
24113 
26337 
19261 
17760 
27815 
17384 
24855 

Corr. 

RATIO 
71 Ga,..Ca 

0.08 
0.05 
0.05 
0.06 
0.05 
0.05 
0.03 
0.06 

Total 

Ca 

30149998 
23495881 
25484623 
16445471 
17670144 
26709296 
26126100 
19536294" 
18428231 
21110846 
19069756 
17198821. 
13646246 

Total 

Corr. 
Ga 

783045 
386955 
'423515 
307735 
283360 
447890 
277265 
399140 

Total · 

Ga/Ca 

0.026 
0.016 
0.017 
0.019 
0.016 
0.017 
0.011 
0.020 

Total Ga/ Total Ga/ 
dry dentin 

(g Ga/ 
100 g tooth) 

0.007 
0.004 
0.004 
0.005 
0.004 
0.004 
0.003 
0.005 

dry dentin 

(µg Ga/ 
g tooth) 

68.06 
43.16 
43.55 
49.04 
42.02 
43.94 
27.81 
53.54 

Relative% 

100% 
63% 
64% 
72% 
62% 
65% 
41% 
79% 

'-D 
N 

., 



table XIV: Gallium Nitrate (7 days) in Tooth #58 (D root, Mandibular Molar; Qil-cooled section) 

ICP-MS: 21 August 1996 
Middle Region (Other Side) 

Distance 
(min) 44Ca 71 Ga 

#1 0.135 375375 279094 
#2 0.270 398531 232781 
#3 0.405 348562 117000 
#4 0.540 391219 201094 
#5 0.675 385125 95062 
#6 0.810 430219 140156 
#7 0.945 429000 179158 
#8 1.080 488718 154781 
#9 1.215 483844 113344 
#10 1.350 433875 88969 
#11 1.485 476531 142594 
#12 1.620 398531 158438. 
#13 1.755 508219 ND 

Sens. Corr. 

Value Cone. 
7'Ga 7'Ga 

6.53 42741 
6.49 35875 
6.39 18323 
6.46 31127 
6.37 14934 
6.41 21879 
6.44 27816 
6.42 24112 
6.38 17760 
6.36 13988 
6.41 22252 
6.42 24670 

Corr. 
RATIO 

71Gaf"Ca 

0.11 
0.09 
0.05 
0.08 
0.04 
0.05 
0.06 
0.05 
0.04 
0.03 
0.05 
0.06 

Total 
Ca 

17961694 
19069708 
16678692 
18719829 
18428231 
20585979 
20527650 

· 23385156 
23151935 
20760919 

·22802008 
19069708 
24318279 

Total 

Corr. 
Ga 

697735 
581953 
292500 
502735 
237655 
350390 
447895 
386953 
283360 
222423 
356485 
396095 

Total 
Ga/Ca 

0.04 
0.03 
0.02 
0.03 
0.01 
0.02 
0.02 
0.02 
0.01 
0.01 
0.02 
0.02 

Total Ga/ Total Ga/ 
dry dentin 

(g Ga/ 

100 ll_ toothl 

0.01 
0.01 
0.00 
0.01 
0.00 
0.00 
0.01 
0.00 
0.00 
0.00 
0.00 
0.01 

dry dentin 

(µg Ga/ 

g tooth) Relative % 

101.80 100% 
79.97 79% 
45.96 45% 
70.38 69% 
33.80 33% 
44.60 44% 
57.18 56% 
43.36 43% 
32.07 32% 
28.08 28% 
40.97 40% 
54.43 53% 

IO w 



Table XV: Gallium Nitrate (7 days) in Tooth #6A (D root, Mandibular Molar; s!ir:-cooled section) 

ICP-MS: 22 August 1996 
Ceryjcal Region (Notched Side) 

#1 
#2 
#3 
#4 
#5 
#6 
#7 
#8 
#9 
#10 
#11 
#12 
#12a 
#13 

Distance 

{mm) 

0.135 
0.270 
0.405 
0.540 
0.675 
0.810 
0.945 
1.080 
1.215 
1.350 
1.485 
1.620 
1.620 
1.755 

44ca 71Ga 

16327592 11284405 
15144186 3809811 
15069843 3611156 
17724279 2277844 
18813840 1351594 
20756530 1490531 
26686964 750750 
14121656 783656 
15526871 882375 
4185186 352218 
1545375 258375 
435094 52406 

267381q2 942781 
834844 238875 

Sens. 

Value 
71Ga 

13.89 
9.42 
9.27 
8.23 
7.46 
7.58 
6.94 
6:97 
7.06 
6.59 
6.51 
6.33 
7.11 
6.49 

Corr. 

Cone. 
71Ga 

812441 
404488 
389573 
276888 
181174 
196709 
108104 

Corrected 

RATIO 
71 Ga,44ca 

0.05 
0.03 
0.03 
0.02 
0.01 
0.01 
0.00 

112379 · 0.01 
125002 0.01 
53408 0.01 
39680 0.03 
8282 0.02 

132580 0.00 
36783 0.04 

. Total 

Ca 
-

781275277 
724649300 
721091988 
848106750 
900242244 
993199961 
1276971227 
675721240 
742960777 
200261150 
73946194 
20819248 

127942!)573 
39947285 

Total 

Corr. 

Ga 

28211013 
9524528 
9027890 
5694610 
3378985 
3726328 
1876875 
1959140 
2205938 
880545 
645938 
131015 

2356953 
.597188 

Total Ga/ Total Ga/ 
· dry dentin 

Total (g Ga/ 
Ga/Ca 100 g tooth) 

0.036 0.009 
0.013 0.003 
0.013 0.003 
0.007 0.002 
0.004 0.001 
0.004 0.001 
0.001 0.000 
0.003 0.001 
0.003 0.001 
0.004 0.001 
0.009 0.002 
0.006 0.002 
0.002 0.000 
0.015 . 0.004 

dry dentin 

(µg Gal 
_g tooth) Relative % 

94.63 100% 
34.44 36% 
32.81 35% 
17.60 19% 
9.84 10% 
9.83 10% 
3.85 4% 
7.60 8% 
7.78 8% 
11.52 12% 
22.89 24% 
16.49 17% 
4.83 5% 
39.18 41% 

'£. 



Table XVI: Gallium Nitrate (7 days) in Tooth #SA (D root, Mandibular Molar; air-cooled section) 

ICP-MS: 22 August 1996 
Middle Region (Notched Side) 

#1 
#2 
#3 
#4 
#5 
#6 
#7 
#8 
#9 
#10 
#11 
#12 
#13 

Distance 
(mm) 

0.135 
0.270 
0.405 
0.540 
0.675 
0.810 
0.945 
1.080 
1.215 
1.350 
1.485 
1.620 
1.755 

44ca 71Ga 

2112093 1384500 
1081032 403406 
1508812 455812 
1846086 493594 
1482000 259594 
1712344 196218 
1494188 168187 
1340625 158437 
670312 54844 
1027406 114562 
1111500 147468 
1078594 81656 
1482000 88968 

Sens. Corr. 
Value Cone. 
71Ga 71Ga 

7.49 184896 
6.64 60753 
6.69 68170 
6.72 73455 
6.51 39860 
6.46 30393 
6.43 26152 
6.42 24669 
6.33 8665 
6.38 17948 
6.41 22997 
6.35 12852 
6.36 13988 

Corrected 

RATIO 
71 Gat4ca 

0.09 
0.06 
0.05 
0.04 
0.03 

Total 
Ca 

101063650 
51727381 
72196654 
88335215 
70913700 

0.02 · 81935660 
0.02 71496896 
0.02 64148906 
0.01 .32074429 
0.02 49161377 
0.02 53185275 
0.01 51610723 

· 0.01 70913700 

Total 
Corr. 

Ga 

3461250 
1008515 
1139530 
1233985 
648985 
490545 
420468 
396093 
137110 
286405 
368670 
204140 
222420 

Total 
Ga/Ca 

0.034 
0.019 
0.016 
0.014 
0.009 
0.006 
0.006 
0.006 
0:004 
0.006 
0.007 
0.004 
0.003 

Total Ga/ Total Ga/ 
dry dentin 

(g Ga/ 

100 g tooth) 

0.009 
0.005 
0.004 
0.004 
0.002 
0.002 
0.002 
0.002 
0.001 
0.002 
0.002 
0.001 
0.001 

dry dentin 

(µg Ga/ 

g tooth) 

89.75 
51.09 
41.36 
36.61 
23.98 
15.69 
15.41 
16.18 
11.20 
15.27 
18.17 
10.37 

· 8.22 

Relative% 

100% 
57% 
46% 
41% 
27% 
17% 
17% 
18% 
12% 
17% 
20% 
12% 
9% 

~ 



Table XVII: Gallium Nitrate (7 days) in Tooth #GA (D root, Mandibular Molar; air-cooled section) 

ICP-MS: 22 August 1996 
~ Region (Notched Side) Total Ga/ Total Ga/ 

#1 
#2 
#3 
#4 
#5 
#6 
#7 
#8 
#9 
#10 
#11 

Distance 
(mm) 

0.132 
0.264 
0.396 
0.528 
0.660 
0.792 
0.924 
_1.056 
1.188 
1.320 
1.452 

44Ca 

1695281 
1195954 
946968 

1012781 
981094 
1185844 
1207781 
1419844 
1274812 
988406 
890906 

71 Ga 

346125 
383906 
240094 
236437 
163562 
108468 
96282 
85312 
123094 
93844 
73126 · 

Sens. Corr. 
Value Cone. 
71Ga 71Ga 

6.59 52527 
6.62 57967 
6.50 36965 
6.49 36420 
6.43 25449 
6.38 17007 
6.37 15123 
6.36 13420 
6.39 19261 
6.36 14745 
6.35 11523 

Corrected 
RATIO 

71 Gai"Ca 

0.03 
0.05 
0.04 
0.04 
0.03 
0.01 
0.01 
0.01 
0.02 
0.01 
0.01 

Total 
Ca 

81119196 
57226399 
45312419 
48461571 
46945348 
56742635 
57792321 
67939535 
60999754 
47295227 
42629852 

Total 
Corr. 
Ga 

865313 
959765 
600235 
591093 
408905 
271170 
240705 
213280 
307735 
234610 
182815 

dry dentin 
Total (g Ga/ 
Ga/Ca 100 g tooth 1 

0.011 0.003 
0.017 0.004 
0.013 0.003 
0.012 0.003 
0.009 0.002 
0.005 0.001 
0.004 0.001 
0.003 0.001 
0.005 0.001 
0.005 0.001 
0.004 · 0.001 

dry dentin 
(µg Ga/ 

-9. tooth) 

27.95 
43.95 
34.71 
31.96 
22.83 
12.52 
10.91 
8.23 
13.22 
13.00 
11.24 

Relative% 

64% 
100% 
79%. 
73% 
52% 
28% 
25% 
19% 
30% 
30% 
26% 

"' 0\ 



Table XVIII: Gallium Nitrate (7 days) in Tooth #6B (D root, Mandibular Molar; air-cooled section) 

ICP-MS: 22 August 1996 
Middle Region (Other Side) Total Ga/ Total Ga/ 

#1 
#2 
#2a 
#3 
#4 
#5 

Distance 

(mm) 

0.32 
0.64 
0.96 
1.28 
1.60 
1.92 

44Ca 

783656 
X 

219375 
198656 
277874 

X 

71Ga 

458250 
X 

190125 
177938 
149906 

X 

Sens. 

Value 
71 Ga 

6.69 

6.45 
6.44 
6.41 

Corr. 

Cone. 
71 Ga 

68513 

29474 
27631 
23369 

Corrected 

RATIO 
71 Ga,..Ca 

0.09 

0.13 
0.14 
0.08 

Total 

Ca 

37497940 

10497094 
9505690 

13296271 

Total 

Corr. 

Ga 

1145625 

475313 
444845 
374765 

dry dentin 

Total (g Gal 
Ga/Ca 100 g tooth) 

0.031 0.008 

0.045 0.012 
0.047 0.012 
0.028 0.007 

dry dentin 
(µg Gal 

g tooth) Relative % 

80.06 65% 

118.66 97% 
122.64 100% 
73.86 60% 

'-0 ..., 



Table XIX: Gallium Nitrate (7 days) in Tooth #68 (D root, Mandibular Molar; l!ir-cooled section) 

ICP-MS: 22 August 1996 
~ Region (Other Side) 

#1 
#1a 
#2 
#3 
#4 
#5 
#6 -
#7 
#8 
#9 
#10 
#11 
#12 
#13 
#14 

Distance 

fmmt 

0.136 
0.136 
0.272 
0.408 
0.544 
0.680 
0.816 
0.952 
1.088 
1.224 
1.360 
1.496 
1.632 
1.768 
1.904 

44Ca 11Ga 

443625 229125 
489938 182812 
481406 191394 
388782 201094 
427781 171844 
405844 79219 
377812 129188 
533812 148688 
416812 110906 
396094 170626 
452156 117000 

X X 

X X 

X X 

496032 103594 

Sens. Corr. 

Value Cone. 
r1Ga 71Ga 

6.49 35329 
6.44 28369 
6.45 29665 
6.46 31127 
6.43 26707 
6.35 12473 
6.40 20198 
6.41 23183 
6.38 17384 
6.43 26522 
6.39 18323 

6.37 16254 

Corrected 

RATIO 
71 Ga,..Ca 

0.08 
0.06 
0.06 
0.08 
0.06 
0.03 
0.05 
0.04 
0.04 
0.07 
0.04 

0.03 

Total 

Ca 

21227456 
23443533 
23035277 
18603219 
20469321 
19419635 
18078304 
25542904 
19944454 
18953098 
21635665 

23735131 

Total 

Corr. 

Ga 

572813 
457030 
478485 
502735 
429610 
198048 
322970 
371720 
277265 
426565 
292500 

258985 

Total 

Ga/Ca 

0.027 
0.019 
0.021 
0.027 
0.021 
0.010 
0.018 
0.015 
0.014 
0.023 
0.014 

0.011 

Total Ga/ Total Ga/ 
dry dentin 

(g Gal 

100 g tooth) 

0.007 
0.005 
0.005 
0.007 
0.005 
0.003 
0.005 
0.004 
0.004 
0.006 
0.004 

0.003 

dry dentin 

(µg Ga/ 

g tooth) 

70.71 
51.09 
54.43 
70.82 
55.00 
26.73 
46.82 
38.14 
36.43 
58.98 
35.43 

28.59 

Relative% 

100% 
72% 
77% 

100% 
78% 
38% 
66% 
54% 
51% 
83% 
50% 

40% 

'-0 
00 



Table XX: Gallium Nitrate (7 days) in Tooth #7A (P root, Maxillary Molar; Qil-cooled section) 

ICP-MS: 14 October 1996 
Cervical Region (Notched Side) 

Distance 
f111m) 44ca 71Ga 

#1 0.134 105252.50 6693375 
#1b 0.134 7288125 4441125 
#1c 0.134 7692750 4455750 
#2 0.268 7609875 7195500 
#2b 0.268 6542250 4918475 
#2c 0.268 6347250 4007250 
#3 0.402 11285624 3787875 
#3b 0.402 9686500 3402750 
#3c 0.402 13196624 3486200 
#4 0.536 9618375 1472250 
#5 0.670 10841999 1360125 
#6 0.804 10032750 1521000 
#7 0.938 10018125 580125 
#8 1.072 9789000 424125 
#9 1.206 9316125 336735 
#9b 1.206 8726250 321750 
#9c 1.206 6883750 321750 
#10 1.340 8126625 580125 
#11 1.474 8955375 195000 
#12 1.608 X X 

#13 1.742 7853625 301265 
#14 1.876 10339875 687375 
#15 2.010 9052875 2213250 
#15c 2.010 6361875 426720 
#16 2.144 4455750 1273275 
#16b 2.144 5367375 1065167 
#16c 2.144 5854875 1096875 

Sens. Corr. Corrected 
Value Cone. RATIO 
71Ga 71Ga 11Gar'"'ca 

11.41 586710 0.06 
9.88 449377 0.06 
9.89 450376 0.06 
11.72 613911 0.08 
10.22 481114 0.07 
9.57 418920 0.07 
9.40 402861 0.04 
9.11 373469 0.04 
9.17 379975 0.03 
7.56 194691 0.02 
7.47 182141 0.02 
7.60 200054 0.02 
6.80 85367 0.01 
6.66 63698 0.01 
6.58 · 51167 0.01 
6.57 48989 0.01 
6.57 48989 0.01 
6.80 85367 0.01 
6.46 30209 0.00 

6.55 45997 0.01 
6.89 99772 0.01 
8.17 270759 0.03 
6.66 64065 0.01 
7.39 172208 0.04 
7.22 147607 0.03 
7.24 151430 0.03 

Total 
Ca 

503633213 
348736781 
368098088 
364132519 
313046663 
303715913 
540017108 
463499025 
631458458 
460239244 
518789652 
480067088 
479367281 
468403650 
445776581 
417551063 
329387438 
388859006 
428514694 

375795956 
494763019 
433180069 
304415719 
213207638 
256828894 
280155769 

Total 
Corr. 

Ga 

16733438 
11102813 
11139375 
17988750 
12296188 
10018125 
9469688 
8506875 
8715500 
3680625 
3400313 
3802500 
1450313 
1060313 
841838 
804375 
804375 
1450313 
487500 

753163 
1718438 
5533125 
1066800 
3183188 
2662918 
2742188 

Total 
Ga/Ca 

0.033 
0.032 
0.030 
0.049 
0.039 
0.033 
0.018 
0.018 
0.014 
0.008 
0.007 
0.008 
0.003 
0.002 
0.002 
0.002 
0.002 
0.004 
0.001 

0.002 
0.003 
0.013 
0.004 
0.015 
0.010 
0.010 

Total Ga/ 
dry dentin 

(g Ga/ 
100 g tooth) 

0.009 
0.008 
0.008 
0.013 
0.010 
0.009 
0.005 
0.005 
0.004 
0.002 
0.002 
0.002 
0.001 
0.001 
0.000 
0.001 
0.001 
0.001 
0.000 

0.001 
0.001 
0.003 
0.001 
0.004 
0.003 
0.003 

Total Ga/ 
dry dentin 

(µg Ga/ 
g tooth) Relative % 

87.07 67% 
83.43 64% 
79.30 61% 
129.46 100% 
102.93 80% 
86.44 67% 
45.95 35% 
48.10 37% 
36.17 28% 
20.96 16% 
17.18 13% 
20.76 16% 
7.93 6% 
5.93 5% 
4.95 4% 
5.05 4% 
6.40 5% 
9.77 8% 
2.98 2% 
0.00 0% 
5.25 4% 
9.10 7% 

33.47 26% 
9.18 7% 

39.12 30% 
27.17 21% 
25.65 20% 

'-0 
'-0 



Table XXI: Gallium Nitrate (7 days) in Tooth #7A (P root, Maxillary Molar; Qil-cooled section) 

ICP-MS: 14 October 1996 
Middle Region (Notched Side) Total Ga/ Total Ga/ 

#1 
#1b 
#1c 
#2 
#3 
#4 
#5 
#6 
#7 
#8 
#9 
#10 
#11 
#12 
#12b 
#12c 
#13 
#14 
#14b 
#14c 

Distance 
(mm) 

0.132 
0.132 
0.132 
0.264 
0.396 
0.528 
0.660 
0.792 
0.924 
1.056 
1.188 
1.320 
1·.452 
1.584 
1.584 
1.716 
1.848 
1.980 
1.980 
1.980 

44ca 

17629874 
12377625 
12616500 
11397749 
9662250 
9579375 
9155250 

X 

X 

X 

X 

X 

X 

8906625 
6191250 
6747000 

X 

5040750 
5367375 
5659875 

Sens. Corr. Corrected 
Value Cone. RATIO 

71Ga 7'Ga 7'Ga 71Ga,..Ca 

687375 6.89 99772 0.01 
628875 6.84 91963 0.01 
628875 6.84 91963 0.01 
570375 6.79 84038 0.01 
945750 7.11 132950 0.01 
433875 6.67 65078 0.01 
360750 6.60 54639 0.01 

X 

X 

X 

X 

X 

X 

2466750 8.38 294408 0.03 
926250 7.10 130517 0.02 

ND 
X 

2286375 8.23 277692 0.06 
1218750 7.35 165873 0.03 
2071875 8.06 257084 0.05 

Total 
Ca 

843589471 
592269356 
603699525 
545382290 
462338663 
458373094 
438078713 

426182006 
296251313 

241199888 
256828894 
270825019 

Total 
Corr. 
Ga 

1718438 
1572188 
1572188 
1425938 
2364375 
1084688 
901875 

6166875 
2315625 

5715938 
3046875 
5179688 

dry dentin 
Total (g Ga/ 

Ga/Ca 100 g tooth) 

0.002 0.001 
0.003 0.001 
0.003 0.001 
0.003 0.001 
0.005 0.001 
0.002 0.001 
0.002 0.001 

0.014 0.004 
0.008 0.002 

0.024 0.006 
0.012 0.003 
0.019 0.005 

dry dentin 
(µg Ga/ 

g tooth) Relative% 

5.34 9% 
6.96 11% 
6.82 11% 
6.85 11% 
13.40 22% 
6.20 10% 
5.39 9% 

37.92 61% 
20.48 33% 

62.10 100% 
31.09 50% 
50.12 81% 

-0 
0 



Table XXII: Gallium Nitrate (7 days) in Tooth #7A (P root, Maxillary Molar; oil-cooled section) 

ICP-MS: 14 October 1996 
~ Region (Notched Side) 

Distance 

Sens. Corr. Corrected 
Value Cone. RATIO 

{mml 44Ca 71 Ga 71Ga 71 Ga 71 Ga,44ca 

#1 0.132 9282000 716625 6.91 103634 0.01 
#1b 0.132 8575125 ND 
#1c 0.132 7648875 ND 
#2 0.264 11202730 511875 6.74 75994 0.01 
#3 0.396 X X 

#4 0.528 X X 

#5 0.660 X X 

#6 0.792 13533000 ND 
#6b 0.792 12245670 ND 
#Ge 0.792 9589125 ND 
#7 0.924 X . X 

#8 1.056 X X 

#9 1.188 X X 

#10 1.320 6230250 1053000 7.21 146132 0.02 
#11 1.452 3159000 ND 
#11b 1.452 4563000 1491750 7.58 196843 0.04 
#11c 1.452 4572750 1584375 7.66 206945 0.05 

Total 
Ca 

444143700 

536050631 

298117463 

218339550 
218806088 

Total 
Corr. 
Ga 

1791563 

1279688 

2632500 

3729375 
3960938 

Total Ga/ Total Ga/ 
dry dentin dry dentin 

Total (g Ga/ (µg Ga/ 

Ga/Ca 100 _g_ tooth) g tooth) Relative % 

0.004 0.001 10.57 22% 

0.002 0.001 6.26 13% 

0.009 0.002 23.14 49% 

0.017 0.004 44.76 94% 
0.018 0.005 47.44 100% 

-0 -



Table XXIII: Gallium Nitrate (7 days) in Tooth #78 (P root, Maxillary Molar; Qil-cooled section) 

ICP-MS: 14 October 1996 
Cervical Region (Other Side) 

#1 
#1b 
#1c 
#2 
#3 
#4 
#5 
#6 
#7 
#7b 
#7c 
#8 
#9 
#10 
#11 
#12 
#13 
#14 
#15 
#15b 
#15c 

Distance 

(mm) 

0.133 
0.133 
0.133 
0.267 
0.400 
0.533 
0.667 
0.800 
0.933 
0.933 
0.933 
1.066 
1.200 
1.333 
1.466 
1.600 
1.733 
1.866 
2.000 
2.000 
2.000 

44ca 71Ga 

6591000 453375 
5167500 424125 
5172375 822500 
5026125 458250 
8077875 399750 
7639125 331500 
7468500 209625 
3875625 234000 
9628125 741000 
6917625 336375 
9048000 492375 

X X 

X X 

X X 

X X 

X X 

X X 

10515374 1028625 
4377750 906750 
5845125 1077375 
7722000 1004250 

Sens. Corr. Corrected 

Value Cone. RA TIO 
71 Ga 71 Ga 71 Gat4Ca 

6.68 67828 0.01 
6.66 63698 0.01 
7.01 117382 0.02 
6.69 68513 0.01 
6.64 60232 0.01 
6.58 50407 0.01 
6.47 32409 0.00 
6.49 36057 0.01 
6.94 106831 0.01 
6.58 51115 0.01 
6.72 73285 0.01 

7.18 143165 0.01 
7.08 128073 0.03 
7.23 149082 0.03 
7.16 140181 0.02 

Total 

Ca 

315379350 
247264875 
247498144 
240500081 
386526319 
365532131 
357367725 
185448656 
460705781 
331008356 
432946800 

503160646 
209475338 
279689231 
369497700 

Total 

Corr. 

Ga 

1133438 
1060313 
2056250 
1145625 
999375 
828750 
524063 
585000 
1852500 
840938 
1230938 

2571563 
2266875 
2693438 
2510625 

Total 

Ga/Ca 

0.004 
0.004 
0.008 
0.005 
0.003 
0.002 
0.001 
0.003 
0.004 
0.003 
0.003 

0.005 
0.011 
0.010 
0.007 

Total Ga/ Total Ga/ 
dry dentin 

(g Gal 

1 00 _g_ tooth) 

0.001 
0.001 
0.002 
0.001 
0.001 
0.001 
0.000 
0.001 
0.001 
0.001 
0.001 

0.001 
0.003 
0.003 
0.002 

dry dentin 

(µg Ga/ 

g tooth) Relative% 

9.42 33% 
11.24 40% 
21.77 77% 
12.48 44% 
6.78 24% 
5.94 21% 
3.84 14% 
8.27 29% 
10.54 37% 
6.66 23% 
7.45 26% 

13.39 0.4722759 
28.36 100% 
25.24 89% 
17.81 63% 

..... 
0 
N 



Table XXIV: Gallium Nitrate (7 days) in Tooth #78 (P root, Maxillary Molar; oil-cooled section) 

ICP-MS: 14 October 1996 
Mjdd(e Region (Other Side) 

#1 
#1b 
#1c 
#2 
#3 
#4 
#5 
#6 
#7 
#7b 
#7c 
#8 
#9 
#10 
#11 
#12 
#13 
#13b 
#13c 

Distance 
{mm) . 
0.119 
0.119 
0.119 
0.238 
0.357 
0.476 
0.595 
0.714 
0.833 
0.833 
0.833 
0.952 
1.071 
1.190 
1.309 
1.428 
1.547 
1.547 
1.547 

44ca 71Ga 

8409375 112125 
7863375 ND 
9169875 ND 
9857250 ND 
9623250 ND 

X X 

X X 

X X 

7093125 ND 
7336875 ND 
7527000 ND 

X X 

X X 

X X 

X X 

7185750 570375 
8316750 380250 
9179625 828750 
9394125 560625 

Sens. Corr. 
Value Cone. 
71 Ga 71Ga 

6.38 17572 

6.79 84038 
6.62 57443 
7.01 118183 
6.78 82705 

Corrected 

RATIO 
71Gat"Ca 

0.00 

0.01 
0.01 
0.01 
0.01 

Total 
Ca 

402388594 

343838138 
397956488 
439245056 
449508881 

Total 
Corr. 

Ga 

280313 

1425938 
950625 

2071875 
1401563 

Total 
Ga/Ca 

0.001 

0.004 
0.002 
0.005 
0.003 

Total Ga/ Total Ga/ 
dry dentin 

(µg Ga/ 

dry dentin 
(g Ga/ 

100 g tooth) g tooth) Relative% 

0.000 1.83 15% 

0.001 10.87 88% 
0.001 6.26 51% 
0.001 12.36 100% 
0.001 8.17 66% 

-0 w 



Table XXV: Gallium Nitrate (7 days) in Tooth #7C (P root, Maxillary Molar; l2il-cooled section) 

EDS: 15 December 1996 (UMKC) (Eick & Robinson) 
Middle Region (Other Side) 

Distance Ca Ga 
(mm) (cps) (cps) 

0 371 3 
0.1 320 3 
0.2 319 3 
0.3 302 3 
0.4 306 3 
0.5 293 3 
0.6 292 3 
0.7 278 2 
0.8 274 2 
0.9 264 3 
1 265 2 

1.1 263 2 
1.2 262 .2 
1.3 260 2 
1.4 247 2 
1.5 243 2 

Uncorrected 
Ga/Ca 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

Uncorrected 
total Ga/ 

_!!_ tooth 

0.002 
0.002 
0.002 
0.003 
0.003 
0.003 
0.003 
0.002 
0.002 
0.003 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 

Uncorrected Ga 
ppm 

(µg/g tooth) 

21.19 
24.56 
24.64 
26.03 
25.69 
26.83 
26.92 
18.85 
19.12 
29.77 
19.77 
19.92 
20.00 
20.15 
21.21 
21.56 

Relative% 

71% 
83% 
83% 
87% 
86% 
90% 
90% 
63% 
64% 
100% 
66% 
67% 

. 67% 
68% 
71% 
72% 
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Table XXVI: Gallium Nitrate (7 days) in Tooth #ZP (P root, Maxillary Molar; oil-cooled section) 

EDS: 15 December 1996 (UMKC) (Eick & Robinson) 
Cervical Region (Notched Side) 

Distance Ca Ga 

(mm) (cps) (cp!>) 

0 961 20 
0.1 988 15 
0.2 923 13 
0.3 946 12 
0.4 940 11 
0.5 931 11 
0.6 927 10 
0.7 923 8 
0.8 931 10 
0.9 934 9 
1 944 9 

1.1 944 9 
1.2 941 9 
1.3 955 8 
1.4 945 9 
1.5 936 8 
1.6 948 8 
1.7 928 10 
1.8 923 8 
1.9 911 8 
2 933 8 

2.1 948 9 

Uncorrected 
Ga/Ca· 

0.02 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
o_.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

Uncorrected 
total Ga/ 

JI. tooth 

0.01 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Uncorrected Ga 
ppm 

{11g/g tooth) 

54.53 
39.78 
36.90 
33.23 
30.66 
30.96 
28.26 
22.71 
28.14 
25.25 
24.98 
24.98 
25.06 
21.95 
24.95 
22.39 
22.11 
28.23 
22.71 
23.01 
22.47 
24.87 

Relative% 

100% 
46% 
68% 
61% 
56% 
57% 
52% 
42% 
52% 
46% 
46% 
46% 
46% 
40% 
46% 
41% 
41% 
52% 
42% 
42% 
41% 
46% ...... 
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Table XXVII: Gallium Nitrate (7 days) in Tooth #ZP (P root, Maxillary Molar; Qil-cooled section) 

EDS: 15 December 1996 (UMKC) (Eick & Robinson) 
Aruw Region (Notched Side) 

Uncorrected 
Distance Ca Ga Uncorrected total Ga/ 

fm111) · (cps) (c1>s) Ga/Ca g tooth 

0 347 3 0.01 0.002 
0.1 334 3 0.01 0.002 
0.2 316 3 0.01 0.002 
0.3 307 3 0.01 0.003 
0.4 308 3 0.01 0.003 
0.5 301 3 0.01 0.003 
0.6 299 3 0.01 0.003 
0.7 295 3 0.01 0.003 
0.8 290 3 0.01 0.003 
0.9 304 3 0.01 0.003 
1 303 3 0.01 0.003 

1.1 301 3 0.01 0.003 
1.2 300 3 0.01 0.003 
1.3 313 3 0.01 0.003 
1.4 349 3 0.01 0.002 

Uncorrected Ga 
ppm 

(µgig tooth) Relative % 

23.53 88% 
23.53 88% 
24.87 93% 
25.60 96% 
25.52 96% 
26.11 98% 
26.29 99% 
26.64 100% 
27.10 102% 
25.86 97% 
25.94 97% 
26.11 98% 
26.20 98% 
25.11 94% 
22.52 85% 

-0 
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Table XXVIII: Standard Analysis of Gallium & Calcium Standard Solutions (mixed in combined 50, 100, 250, & 500 ppb solutions) 

ICP-MS: 17 March 1997 

44Ca ~ 7'Ga 71Gar'4ca 

50 ppb 341250 3992625 2647125 7.757 
351875 3963375 2710500 7.703 
365265 3773250 2515510 6.887 
375375 3797625 2575750 6.862 
349600 3729375 2671500 7.642 
338250 3758625 2627525 7.768 

100 ppb 394875 7385625 4836000 12.247 
390330 7322250 4831125 12.377 
346125 7185750 4762875 13.761 
433875 7390500 4901925 11.298 
399750 7195500 4831135 12.085 

250 ppb 901875 183007 49 4836000 5.362 
897000 18271500 4831125 5.386 
911625 18520125 4762875 5.225 
877500 18403124 4901925 5.586 
899250 1820387 4 4831135 5.372 

500 ppb 1399125 34783124 23019750 16.453 
1415000 36737999 24730000 17.477 
1584375 35377872 24082500 15.200 
1467375 35801997 23794875 16.216 

-0 
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Table XXIX: Experimental Trials 

Number of Type of 
Irii!.I.! Toll1b. Toll1b. Experiment Analysis 

#1 3 anteriors radioactive 67 Ga citrate for 8 days recorded gamma counts of bath water 

#2 3 anteriors coring technique tried tried to section cores in 
methacrylate with microtome 

#3 anteriors (skipped this trial) try different concentrations of 67 Ga 

#4 5 anteriors Ga nitrate for 1 hr (eliminated), sectioned (oil): half EDS at Ft. Gordon, half 
1 day, 7 days (2), control (1) ICP-MS trial at GSU 

#5 4 molars Ga nitrate for 7 days (4) sectioned (2 oil, 2 air): half EDS at 
UMKC, half ICP-MS at GSU 

#6 1 cuspid Ga nitrate for 60 sec ( 1) sectioned (air): half EDS at UMKC, half 
ICP-MS at GSU 

#7 1 cuspid used control from trial #4 fractured & reapposed, then measured pit 
depth using SEM at Ft. Gordon 

#8 1 cuspid no Ga (another control} tried to ablate before fracturing 
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