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INTRODUCTION 

There has been little inquiry into the local or systemic uptake 

and renal excretion of fluoride from topically applied fluorides. This 

is an important area of research because virtually every dental patient 

receives such treatment and, further, several groups of patients apply 

high fluoride concentration preparations on a daily basis. The~e group~ 

include caries prone children and young adults, as well. as patients with 

compromised salivary functi"on. 

An unexpected source of fluoride to which many dental patients are 

exposed. is alginate, the most popul~r dental impression material. Recent 
J 

analyses of several brands of alginate have shown fluoride concentrations 

in the dry powder to range from 8,600 to 30,500 ppm (.86 to 3.05%). The 

fluoride concentrations in the most popular topical fluoride gels are 

approximately 12,300 ppm or less. Unpublished data by Ekstrand1 in: 

adults indicate plasma fluoride levels peak after 30-minutes at 50 to 100 

times control levels and remain elevated at these levels for 2 to 3 hours 

following the recommended use of such a gel (Acidulated Phosphate -

Fluoride, APF, 12,300 ppm fluoride). Clinically, alginate impressions 

are followed frequently by topical fluoride application. It is possible 

that the latter treatment may be superfluous or even contraindicated when 

preceded by alginate impressio~s. 

Since the risk of fluoride toxicity requires information on absorbed 

doses, the risk from alginate is unknown. Thus, it is important to determine 

the biologic availabiliti of fluorid~ from thi~ source, relati~e to that 

from Acidulated Phosphate - Fluoride· gels ·(hereafter APF gels) before 

clinical recommendations can be form\Jlated. 

- I -



to: 

In view of the above considerations, these studies were designed 

1. Determine salivary and urinary fluoride levels before and 

after routine topical fluoride gel application. 

2. Determine salivary and urinary fluoride levels before and 

after routine alginate impressions. 

3. Determine the amount of fluoride taken up by the surface 

enamel of the maxillary central incisors before and after 

the use of each of these dental products. 

2 
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REVIEW OF THE LITERATURE 

The alginate type of hydrocolloid impression material is used 

widely in dentistry. and has provided excellent results ove·r the years. 

Developed j.ust prior to·world War II, alginate hydrocolloid contains 

as its chief ingredient one of the soluble alginates, usually potassium 

alginate, which are salts of alginic acid, an e~tract of maririe kelp. 

As supplied to the dentist, alginate ~lso contains a filler (diatomaceous 

earth), a reactor (a calcium salt), and a retarder (usually a phosphate 

salt). Other ingredients may include salts ~f zinc, lead, and fluoride. 

Fluoride salts function to accelerate the setting time of gypsum products 

and to aid in the production of a hard stone surface. 2 ~ 3 ' 4 ' 5 However, · 

Lambrou6 has shown a 2% sodium fluoride (hereafter NaF) solution will 

solubilize hardened pieces of alginate in a ~hart period of time. 
) 

A review of the literature revealed 6nly one brief repor~ on the 

in vitro fluoride uptake by enamel aryd in vivo systemic absorption of 

fluoride following rou~ine alginate impressions. Hattab and Froste11 7 

reported that approximately 6% of the total ·fluoride content leached out 

of an impression immers-ed in water and the maximum fluoride concentration 

in the water occurred at three hours. In vitro, the mean fluoride uptake 

by human enamel in four test teeth after exposure to alginate for 18 hours 
+ ' 

was 620- 64 ppm. Data obtained from a single adult subject showed that the 

fluoride concentration in whole saliva. immediately,after.taking an impression 

of the teet~ was 111 ppm or 5,842 ~M. Peak plasma levels. obtained after 

single and double alginate impressions were .6.19 and 10.4 ~M, .respecti~ely. 

No control data were mentioned in this ·communication. 
-~ 

There are some data on the systemic absorption of fluoride from topical 
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gels and solutions. Hellstrom8 reported that about 1 mg of fluoride 

was excreted in the urine in four hours after adults had rinsed for 

one minute with 15 ml of a 0.5% ·sodium fluoride solution (35 mg F). 

Children (5 to 7 years of age) rinsed with 10 ml (23 mg F) and excreted 

about 0.25 mg in four hours. 

Ericsson and Forsman9 measured the amounts of fluoride retained 

·from known quantities of mouthrinses and dentifrices in three to seven 

year old children. Using 7 ml of a 0.054% NaF mouthrinse (~ 1.7 mg F), 

fluoride retention after one minute rinsing time in the five to seven 

year old children was 21.4- 24.4% or about 0.3 to 0.4 mg. In the three 

to four year old children th~ corresponding figures were 20.9 to 30.7% or 

·about 0.3 to 0.5 mg. In toothbrushing tests with four and six year old 

children, using 0.4 to 0.5 gram portions of two different toothpastes 

containing about 0.1% fluoride, the average fluoride retention was about 

30% in both age groups or approximately 0.12 to 0.15 mg of fluoride. 
10 . ' 

Birkeland also looked at fluoride retention from mouthrinses. 

Two minute mouthrinses with 7 to 10 ml of 0.05% NaF (228 ppm fluoride) 

were carried out by nine adults and 24 children, ten to eleven years old. 

The percentage retention in adults with 7 ml was 15.4~ 2.6 (n=9) and in 

children 14.1~ 4.8 (n=24). The corresponding values with 10 ml were 

13.6~ 2.2 and 13.8~ 3.6%. The differences in retention with 10 versus 

7 ml rinses were significant. Fluoride mouthrinses with 7 ml seemed to 

be preferable to 10 ml as 7 ml reduced the amount of fluoride retained, 

probably because less rinsing solution was swallowed. Parkins11 reported 

fluoride retention following one minute oral exposure to NaF tablets 

(chewed for one minute and expectorated). to be 41%, compared to 20% for 
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APF tablets and 7% with an APF rinse. 

Mellberg and ·Nicholson12 examined enamel fluoride concentrations in 

173 exfoliated primary teeth from children nine to ten years of age in a 

non'!"fluoridated area who for three consecutiv·e school years used daily 

supervised sixty second mouthri ns·es consisting of either (a) 200 ppm F 

(0.02% F), 0.1 M phosphate at. pH 4.0, (b) 200 ppm Fat pH 7.0 or (c) a 

placebo rinse. After approximately 190 rinses, the average fluoride 

concentration at a depth of 5 ~m was 677_ppm in the pH 4.0 group, 616 

ppm in the pH 7 group, and 595 ppm ·in the p_l acebo group. The di fferenc~ 
... 

between the pH 4 and placebo gr6ups was statistically significant. They 

also found that after·an·initial uptake, further increases in the fluoride 
... ) 

'' 

' concentrations of deciijuous enamel with continued rinsing wa~ ·rot observed, 

and that fluoride· penetration from .thes~ dilute mouthrinses did not extend 

beyond approximately 5 ~m from the enamel surface-~· Fluoride uptake by 

deciduous enamel from a 1,000 ppm F (APF} .rinse used weekly in another 
. . 

. ' ' 

non-fluoridated. area was· approximately 300 ppm at a depth of 5 ~m, wher~as 

in another non-fluoridated community a similar rinse containing 3,000 ppm 

F (APF) resulted in an uptake of more _than 400 ppm F. A neutra 1 rinse 

containing 3,000 ppm· fluoride used. in the same community, however, provided 

only about 25 ppm fluoride uptake at a depth of 5 ~m. 

Ehudin and Soni 13 compared enamel_fluoride concentrations in permanent 

maxillary first molars (non-fluoridated community) before and after four 

minute APF gel appl i·cation using either the cotton roll -or tray technique. 

They found control enamel fluoride concentrations of about 450 ppm and 

following .either technique, enamel fluoride concentrations were about 600 ppm, 

an average increase of 150 ppm (p <.01). Tinanoff, W~i and Parkins14 
I 
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reported co,ntrol enamel fluoride concentrations in permanent incisors 
( 

of children reared in ·a 1 ppm fluoride area to be 2,345! 102 ppm based 

on calcium analysis. After routine four minute APF gel application, the 

enamel fluoride concentrations averaged 3~089: 372*ppm, a statistically 

significant average increase of 1,744 ppm over the mean control value. 

Also, Wei and Schultz33 ·reported control enamel fluoride concentrations 

in permanent central incisors. of children ·raised in 1 ppm ·fluoride areas 
+ - + to be 2,8.38i-. 220 ppm (X - SEM). The mean enamel fluoride concentration 

immediately after four minute APF gel application wa.s 16,048! 1,513 ppm 
'. . + ' ' . . ' ' .. 

and at one week was 3,828- 413 ppm., .However, three months after APF ge 1 . 

application the mean enamel fluoride ·concentration. was 1,945: 112 ppm, 

which was lower than the original control value and statistically-sign~· 

ificant at the p < .01 level. 

Aasenden, Brudevold, and Richardson15 were among the. f-irst investigators 

to report the rat~ of clearance of fluoride from the oral cavity.after 

topical fluoride applic.ations. They .were unable to detect a correlation 

between flow rate and fluoride concentrations in saliva prior to topical 

fluoride treatment. They reported control who"le salivary fluoride concen-

trations within the range of 0.015 - 0.025 ppm or 0.78 - 1.30 llM. Following 

single four minute·applications of APF topical solution containing 1.2% 

fluoride (12,000 ppm F), whole salivary fluoride concentrations in five 

young adults a·fter two minutes ranged from 160-363 ppm. Succeeding samples 

decreased rapidly to levels of 9.8 - 30.9 ppm after 30 minutes and to 3.5 -

10.8 ppm after one hour. Concentrations remained above 52 ll'M or 1 ppm for 

between three ·to five hours and were in the range of 0.15 to 0.25 ppm after 

13 hours. Return.to baseline values occurred in six to eight days. 

* Samples from which this average was obtained were taken 3 days after 
APF gel application. 
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Parkins 11 found somewhat higher fluoride concentrations of control 

samples of whole saliva obtained after lozenge stimulation. in twelve 

young adults r~siding in a l ppm water fluoridated area.· The values 

ranged from 0.11.- 0.2i ppm or 5·- 10 l-IM._ ,Ingestion of only 1 mg of· 

fluoride causes. a measurable increase in parotid ductal salivary fluoride 

levels for 30 or more minutes. 16 

It has also b~en found that a major portion of the fluoride which 

diffuses into the enamel during a topical treatmeDt, diffuses away during 

the first 24 or more hours and therefore may increase significantly the 

whole saliva fluoride levels. 14 ,l?,lS 

Owen ·et al 19 have measured the amount of topical fluoride not 

recovered from the mouth and fluoride excreted in the urine following 

routine topical gel application (APF, 1.23%) in seven adults and nine 

children. The average amount of fluoride not recovered from the mouth 
+ . + 

was 11.2- 5 mg for the adults and 11.2- 6.5 mg for the children. After 
+ six hours, the mean fl~oride e~creted was 3.0- .949 mg for adults and 

.51! .398 for children. ·Maximum fluoride excretiori rates were 305 llg/hour 

(16.05 llmol/hr) in adults and 61 l-!g/hour (3.21 l-!mol/hr) for children. 

The di ffere.nce in fluoride excretion between adults and chi 1 dren was due 

largely to differences in tissues undergoing mineralization and calcification. 

Children, with a much more active mineral metabolism, tend to retain fa~ 

more absorbed fluoride than do adults. They concluded that significant 

amounts of fluoride are consumed and excreted by both adults and children 

following topical application of fluoride gel. 

R~cent unpublished data by Ekstrand1 show that NaF given orally in 

a fasting individual is 100% absorbed by 30 minutes. Sodium fluoride 
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given orally with milk is only 50 60% absorbed. Also, fluoride 

concentration in parotid ductal saliva was consistently found to be 

approximately two-thirds that of the fluoride concentration in plasma. 

Plasma fluoride concentration after four minute topical gel application 

(APF 1.23% fluoride) in ~dults peaked at approximately 1000 ng/ml (1 ppm) 

in 30 - 60 minutes. Ekstrand used the tray t~chnique in which 2.5 ml 

of APF gel was placed in each tray .. This level should be of concern 

to the clinician, beca~se such plasma levels may produce enamel fluorosis 20 

an~ may cause a transient urinary concentrating defect. 21 

In summary, the·re are data available to which APF topical gel 

application can be compared but very little data on the fluoride availability 

·from alginate. It is known that pH 4.0 APF gels elevate fluoride levels 

in urine, saliva and surface enamel ·and that the APF acid gel is superior 

to a neutral gel in increasing the initial ena~el uptake of fluoride. 12 

Some authors22 ,23 ,24 have studied fluoride retention with a cautious 

viewpoint, where the risk of slight overdosage is of particular concern 

in the young age groups where extensiv~ enamel mineralization is occurring. 

Other authors 25 , 26 ,27. view fluoride retention from the perspettive that 

the more .retained, the better the capability to resist dental ·caries. 

The question which remains unresolved is what are the risk/benefit ratios 

of the different forms of topical fluoride applications, of which alginate 

fDUSt be considered a form about which we know extremely little. 
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PRELIMINARY FINDINGS 

, The fluoride contents of seven brands of alginate obtained from 

a local distributor of dental products were recently reported. 28 ,29 

These were analyzed u~ing the i.on-specific electrode following overnight 

diffusion from 1.5 N sulfuric acid using the acid HMOS diffusion method 

develbped by Taves. 30 The average fluoride concentrations ranged frbm 

8599 to 30,514 ppm, or expressed as percent fluoride, 0.86 to 3.05%. 

In fact, the fluoride content in six of the seven br~nds analyzed exceeded 

the fluoride content of some popular topi6al gels (1.23%). These rather 

large amounts of fluoride suggested the possibilitj:es· ·of widely ranging and 

substantial elevations in body fluid fluoride concentration following 

alginate impressions. This possibility was tested in preliminary studies 

using five adult male volunteers. 

The average control plasma fluoride.level in these five fasting 

adults prior to alginate impressions was 0.66 ~M. A peak value of 1.69 ~M 

occurred 30 minutes af~er alginate impressions were completed~ The control 

urinary fluoride excretion rate was 2.95 ~moles per hour. During the first 

two hours after impressions, the ra.te increased to 8.45 ~moles/hour and in 

the next two hour collection period ·it was 4.95 ~moles/hour. The average 

.whole saliva fluoride concentration prior to algin~te impressions was 

1.23 ~M. Fifteen minutes after the impre~sions, the averag~ whole saliva 

fluoride concentration was 132 ~M. At one hour, the salivary values averaged 

42 ~M, at two hours 21 llM and at four hours 3.2 ~M. 

Four hours after alginate imp~essions, three of the five subjects 

ingested 2.7 grams of alginate, which provided approximately 11 mg of 

fluoride. The control plasma fluoride concentration was 0.86 pM and the 



peak fluoride concentration value ·of· 6.86 ~M occurred about two hours 

after ingestion of the alginate. This delayed peak (relative to the 

10 

30 minute peak mentioned above) indicated that fluoride absorption from 

alginate particles is relatively slow compared to that which is dissolved 

in and swallowed with saliva. The area under the curve, however, suggested 

that most of the ingested fluoride was systemically absorbed. The urinary 

excretion rates were 34.2 ~moles per hour during the first two hours and 

29 amoles per hour during the next two hours. The control urinary 

excretion rate was 4.91 ~moles per hour. 

Four- other preliminary studies were done. These included in vitro 

and in vivo pilot studies designed to test the potential of alginate to 

increase enamel fluoride concentrations and to test the reliability of 

the acid-etch biopsy technique. The procedures and findings are presented 

in Appendix III. 
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MATERIALS AND METHODS 

Subjects 

A total of 27 volunteers from the post graduate pedodontic clinic 

at the Medical College of Georgia (.MCG) participated in one or more 

portions of this study. ~hese included 16 males and 11 females with an 

age range of five to fourteen years (X = s~o y~ars}. Each subject had 

received a complete physical exam wj~hin the past year and there.:we.re·:nqt 

any co-n~tti·o:ns requiring medi~al care'. The MCG Human Assurance Committee 

approved the study and an informed consent form was signed for each 

subject by a parent or guardian. Qopies of these docu~ents are in 

Appendix IV. 

As described later, saliva, u.rine and enamel biopsy samples were 

obtai-ned before and .after the use of two different topi ca 1 fl uori.de agents -- . 

APF gel and alginate impression material. Not all. subjects participated 

in every part of the study. For instance, s~me subjects only gave saliva. 

samples while others g~v~ both saliva a~d enam~l biopsy samples and still 
. . 

others gave a~l sample~~- Also; sev~ral children participated in the study 

sequence more than· once. The extent to which each child was utilized in 

the various experiments is contained 1n Appendix I .. 

To briefly relate the participation of t~e subject~ in the various 

sections, the following summary .is offered: 9 subJects parti.cipated in 

the fluoride retention study following routine APF gel application. 

13 subjects gave urine samples for analysis before and after the us~ of 

the dental products. Two subjects participated twice. From 21 subjects, 

enamel biopsies were obtained before and after the use of the dental 

products. Several of these patients participated more than once in 



this section. Whole .sal iva samples were obtained from ·a total of 

27 individuals, several .of whom participated more than one time. 

Control Data 

Each subject was asked to avoid.commerci_al fluoride products, 
' . . ' . 

- ' . ' 

12 

food and drink for at least two hours pri'or to their appointment time. · 

The time of first urine voiding and each .'sub~equent voiding was-. recorded 
' ' 

during each day of study. Immediately prior -to taking maxillary and· 

mandibular alginate impressions or to appliing topical fluoride gel, 

'control urine, ·whole saliva and enamel biopsy samples were collected. 

·urine samples were obtaihed-by:voiding directly into a calfbrated vessel. 

Time and volume were recorded. An aliquot Was taken at each voiding 

and frozen to await fl~oride analysis. An Orion ion-specific electrode 

was used for all fluoride concentration analyses. Detailed descriptions 

of all the materials and techniques used in the different analyses are 

contained in Appendix II. 

Control whole saliva· (unstimulated) samples were obtained by havi-ng 

the subjects expectorate into a collection vial. These control saliva 

samples were diffused overnight from 1.5 N sul·furic acid using the acid 

HMOS method developed byTaves. 30 (See .Appendix II' Section C for detailed 

description of Materials and Methods). 

A control acid-etch biopsy of the facial enamel of the upper right 

central incisor was obtained immediately prior to fluoride application. 

The child's teeth were brushed using a soft bristled toothbrush and water 

immediately prior to obtaining the enamel sample. Various procedures· have 

been uti 1 i zed· to, estimate .the amount of fluoride present in· enamel before 

and. after .. treatment with different forms· of to pi cal fluo-rides. _ 



13 

Some have been- based on· mechanical grinding- techniques (Brudevold31 et al -

196H; Larsen32 et ar, 1972; Wei and Schulz3·3·, .1975) while- others have used 
34 acid to etch layers from the enamel surface (Hotz et al, 1970; Munksgaard 

and Bruun35 , 1973; Brudevold36 et al, 1975; Holgate and Shannon37 , 1978). 

If the amount of fluoride taken t.ip.i.s-high, al_l pto~_ide-valid results. 38 
' ' 

The acid-etch technique is commonly used in clinical studies. The teeth 

are isolated with cotton rolls and dried thoroughly. The area· of enamel 

to be etched is demarcated by placing a small piece of adhesive tape

with a known diameter ho 1 e in its center to· the dried .i so 1 a ted tooth. 

· An acid solution is then placed ag~ihst_ the exposed ~namel for a give~ time 

interval to remove the enamel 'for analyses. In this.study the diameter· 

of·the hole was 2.2 mm. A standard size cotton ball containing 25 111 

of 0.5_N perchloric acid was then applied with forceps to the enamel 

surface for 15 seconds. The cotton ball was then removed and placed in 

a microb~aker containing 0.20 ml of TISAB buffer (Orion Research Inc.). 

A second, dry, cotton pellet was then immediately used to absorb any 

remaining etch solution and was then also placed into the mi-crobeaker.-

In placing the initial cotton pellet containing the acid, the forceps 

and pellet are allowed to rest 1 ightly agains.t the tooth surface in 

~11 cases. This is done in an attempt to standardize the- depth o~ acid 

penetration and hence the amount of enamel obtained. This is important 

because fluoride concentration in enamel varies nolt only with location38 ,39 ,40 

(i.e. facial, gingival, mesial, etc.), but also, with depth within the same 

tooth. 40 ,41 The depth of etch usually ranges from 2 to 7 microns but cari 

vary substantially depending on the size of the hole i'n the adhesive tape 

and the duratiori of enamel exposure to the acid etch solution. Remineral

ization of the biopsy site is usually complete· within three-days. 



Experimental Data 

The patients received upper and_ lower alginate impressions for 

study models and a topical fluoride application. These procedures 

were done during. two appointments separated by at least one week. 

14 

Alginate impressions were taken using a brand of alginate (Unitek, Fast-set) 

previously_determined to have approximatelyl6,000 ppm fluoride. 

The impression material was mixed according to the manufacturer's 

instructions, p l.a.ce-d_. in an approj:Yri a t:e .. Jmpress ion tray and used to make 

the impressions. Each impression was left in the mouth approximately 

3 minutes or.until the material was thoroughly set. The children were 

not allowed io ~~nse or expectorate following impressions except to obtain 

saliva samples. Topical fluoride applications were performed using APF 

gel (Luride, 1.23% fluoride, Hoyt Lab.). The teeth were isolated with 

cotton rolls and dried pricir to application of the gel with a cotton 

tip applicator. The gel was left on the teeth for the recommended four 

minutes before removing the cotton rolls. The children were not allowed 

. to ri ns.e or expectorate following this procedure except to obta·i n sa 1 iva 

samples. APF gel samples were weighed.before and after topical app1i·cation 

in nine children. The cotton rolls were re~rieved and placed in ~0 ml of 

di sti 1led water for fluoride ana 1ysi s to· deternii ne·· the amount of .. 

APF gel retained in the mouth, and hence the amount ·of fluoride retained 

in the mputh. P.ri or to i so 1 a ti ng the teeth with cotton ro 11 s, a rubber 

cup on a s 1 ow spee~L handpiece. was· used-. to clean th~ t~e;th· w:i th. a fl uc;>ri de-free 

pumice. All the teeth except the central incisors were cleaned in order 

not to bias the acid etch enamel samples as previously described. 
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Ingestion of fluoride was anticipated to occur from the swallowing. of 

saliva after the impression and topical gel procedures had been completed. 

Following the procedures whole saliva samples were obtained at 15 and 30 

minutes and a second timed urine samp]e was obtained wi~hin three hours. 

Fifteen minutes after fluoride application by .either alginate 

impressions or topical APF, an -acid etch biopsy of the facial enamel 

of the maxillary left central incisor was obtained using the exact 

procedure previously described. The·placement of the adhesive tape 

closely approximated the previous placement in order to standardize the 

biopsy procedure '(See Pilot Study B for- further discussion and descriptlon). 

All samples were analyzed for fluoride using the ion specific electrode. 

Control whole saliva samples were analyzed for fluoride concentration after 

overnight diffusion using the ~cid HMOS diffusion method_ developed by Taves. 30 

All other samples were determined directly (no diffusi.on) after buffering. 

to pH 5.1 with TISAB (Orion Research Int.). The enamel biopsies were 

analyzed for calci.um using atomic absorption spectrometry and phosphorus 
42 . . . 

according to the spectrophotometic method of Chen, et al. ·For detailed 

description of all the above mentioned techniques, refer to Appendix II. 

The biologic availability of fluoride from the dental products used. 

was assessed by statistically comparing the salivary, urinary and enamel 

concentrations and the urinary fluoride excretion rates of control and 

experimental data. All data are expressed as.mean (X) ~standard error 

of the mean (SEM). Analysis for statisti.cally significant differences 

was done using Student•s .t-test, two tailed and unpaired. 



RESULTS 

The amounts of fluoride applied, recovered, and retained in ·the 

mouth during the APF topical gel application portion of the study were 

expressed in mg of fluoride and are d~picted graphically in Figure 1. 
+ + -An average of 2.1- 0.1 gm of APF gel or 26.1- 1.6 mg of fluoride were 
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applied, 12.0~ 1.0 mg of fluoride were recov-ered, and 14.1~ 1.·2 mg of 

fluoride were retained in the mouth. (See Appendix I, Tables IAl_and IA2 

for subjects, raw data, and calculated values). 

Figure 2 shows the uri nary fluoride concentration before and after 

alginate and APF gel applications. The average urinary fluoride control 

concentration before alginate impressions was 49.7!- 5.5 ~M, a value in 

close agreement with published data~~ 28 , 56uring the two to three hours 

following the alginate impressions, the avera~e concentration rose slightly 

to 69.6! 9.1 ~M.- This increase was not statistically significant. The 

-average control urine fluoride concentration before APF gel application was 

48.7! 4:7 11M. During the two to three hours after APF gel applicati-on, 
- + . 

the value increased sharply to 495.4- 87.4 ~M. This increase was statis-

tically significant at the p <-.001 level (See Appendix I, Tables IBl, IB2 

and IB3 for subjects, raw data and calculated values). 

Figure 3 shows the urinary fluoride excretion rates (concentration 

times urine flow rate). The values before and after alginate were 1.39! .17 

and 1.87! .29 ~mol/hr, respectively, and we~e n~t statistically diffe~ent .. 

However, the val~es before and after APF gel application were l.sa! .20 , 
+ -

and 13.67- 2.77 ~mol/hr, respectively, (p <.001). (See Appendix I, 

Tables IBl, IB2 'and IB3 for subjects, raw data a_nd calculated values). 
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Whole saliva fluoride cbncentrations are shown in Figure 4. The 

control values before the alginate impressions and APF gel applicatidns 

were 5.7!.8 and 4.0! .5 ~M, respectively. At 15 and 30 minutes after 

alginate impressions, the fluoride concentrations were 148! 21 and 

71! 12 ~M. At 15 and 30 minutes after topical APF gel applitation, 
+ + . 

the values were 1,630- 227 and 629- 47 ~M. All of these experimental 
./ 

values when compared to the control whole saliva fluoride concentrations, 

~ere statistically significant (p <.001). (See Appendix I, Tables ICl, 

IC2 and IC3 for subjects, raw data and calculated values).· 

Surface enamel fluoride concentrations are shown in Figure 5. 

The average concentration before the a 1 ginate impressi ons\was 2046! 210 ppm 

and 15 minutes after ihe impressions it was 2735! 272 ppm, a slight but 

statistically nonsignificant increa~e. Th~ a~erage enamel fluoride 

concentration before APF gel was 2,731! 302 ppm and 15 minutes later 

it was 10,742! 1,184 ppm (p <.001). The control enamel fluoride 

concentratiohs obtained prior to the impressioris and the gel ~pplicatio~s 

were not different with st~tistical significance. All of the above 

ename 1 fluoride va 1 ues were based on bi o_ps i ed- phosphorus and the average 

depth of the et~h-was ca1culated12 ,40 to be-4.8! .2 ~m. (See Appendix I, 

Tables 101, 102, 103, 104 and 105 for subjects, raw.data and calculated·values). 

Enamel .fluoride concentrations ~nd depth of enamel e~ch were also 

calculated based on calcium in the biopsied samples, but the fluoride 

concentrations did not differ with any sigriificance. Therefore, only-~he 

values based on phosphorus are reported here. (For all values, refer to 

Appendix I; Table 105 and for the exact formula and a sample calculation 

of the depth of etch refer to Appendix II, Section IIE). 
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The overall average depth of enamel etch based on phosphorus 

was 4.8! .2 ~m. The depth ~f etch before and after alginate impressions 
+ + . 

was 4.7- .4 and 4.8- .5 ~m. The depth of enamel etch before and after 

APF gel \application was 5.1! .5 and ~4~4! .4 ~m, respectively. Although 

the depth of the enamel etch was shallower following APF gel application, 

the value was not statistically different from the other reported values. 

The total amounts of enamel bio~~ied using the described technique 

and based on phosphorus were as follows. The total enamel biopsied before 

and after alginate impressions was 53.1! 5.0 ~g and 54.4! 5.3 ~g, respectively. 

The total enamel biopsied.before and after APF gel application was 56.8! 
+ . 

5.5 ~g and 49.4- 4.7 ~g, respectively .. As with th.e depth of etch data, 

these data indicate that less enamel was biopsied following APF gel 

application but the value was not statistically different from the other 

values. 
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DISCUSSION 

The major objective of this investigation with children wa~ to 

obtain information about the availability of fluoride following routine 

clinical procedures using alginate, _a .,popular dental impression materi'al. 

The need for this information became apparent when unexpec~edly high 

concentra t i ens of fluoride were determined in seven ·commercia 11 y 

available brands of alginate. 28 These:concentrations ranged from 8,600 

to 30,510 ppm fluoride and would resuit in fluoride expoiures ranging 

from about 360 to 1,280 mg of fluoride when two 21 gram individualized 

packets of alginate were used for maxillary and mandibular impressions 

during a single dental appointment. Such amounts of fluoride raised 

the possibilities of acute toxic manifestations in child patients if 

most of the fluoride were available to the systemic circulation. Even 

if only 5% to 10% of the alginate;...borne fluoride were available system

fcally, there was still the hazard of enamel fluorosis. 20 ,47 Further, 

the high levels of fluo_ride in alginate suggested the possibility that 

·the taking of impressions with this material might result in substantial 

fluoride uptake by surface enamel. If this was the case, then the 

clinical practice of giving topical fluorid~ gel applications (professional 

prophylaxis and topical· fluoride application) after alginate impressions 

might be superfluous or even contraindicated. :(These proc~dures are often 

accomplished during._one appointment visit for many child patients). 

Another objective of this study was to obtain similar information 

about the availability of fluoride following the use of topical APF gel 

according to recommended procedures. The literature ccntai'ns several 
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reports8' 9,lO,ll,l2,l 3,l 4,l 5,l 9,33 on.the availability of fluoride 

associated with the use of these or similar products including 

fluoride levels in saliva, urine and enamel. The current data 

obtained after the use of the APF g~l .could, therefore, be compared 

to that of others and this would permit an evaluation of the current 

methods~ results and conclusions. By extension; the data from the 

alginate portion of this study could also be evaluated. 

The fluoride levels found after the application of the APF gel 

in thi~ study indicated substantial enamel uptake and systemic 

absorption of fluoride. ·The average amount ,of fluoride retained .in 
+ -

the mouth following APF gel application was 14.1- 1.2 mg (Figure 1). 
+ Urine concentrations before APF application averaged 48.7- 4.7 ~M, 
+ and during the two to three hours afterward averaged 495.4- 87.4 1-1M 

(Figure 2). M~an urinary excretion rates before and fo'r·approximately 
+ + three hours after APF gel were 1.58- .20 and 13.67-2.77 llmol/hr, 

respectively (Figure 3)_. Whole ~aliva \fluoride concentrations expressed 

in 1-1M averaged 4 .· o! . 5. before, 1 , 630! 277 at 15 ·-m; nute·s, ·and 629! 47 

at 30 minutes (Figure 4). Surface enamel fluoride concentrations before 

APF gel application averaged 2,731! 302 ppm and 15 minutes afterwards the mean 

was 10~742! 1,184 ppm (Figure 5). All these differences were 

statistically significant at the p <.001 level. These dat~ were in 

general agreement with most published results which utilized ~imilar 

techniques and analyses. 

Owen et a1 19 reported that an average of 11.2! 6.5 mg of fluoride 

were retained in 9 children following four minute APF gel applications. 

This value was in close agreement with the value of 14.1! 1.2 mg found 

in this study although their ranges were greater. 
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The mean centro 1 urine fluoride concentra.ti on before APF ge 1 

(48.7~ 4.7 11M), and the urine fluoride concentratio"n two to three 
+ hours after APF gel (495. 4- 87.4 11M). were in agreement with expected 

values.1,21,51,54 
I 

Mean fluoride excretion rate before APF gel application was 1.58! 

.20 11mol/hr, a value consistently repo,rted by other researchers~'l 9 , 21 , 28 , 59 
+ - -

Following APF gel applica-tion, the vaiue rose to 13.67- 2.77 lJillOl/hr 

durint the thr'ee hour collection period. Whitford, et ar28 reported 

average control urinary fluoride excretion rates in adults to be 2.95 

11mol/hr. Ekstrand59 reported control-urine fluoride excretion rates in 

children to range from .17 - ·: 76.1Jfllol/hr.· During the initial eight hours 

after four minute APG gel (1-.23% F) a~plication, the children's· average 

hourly urine fluoride excreti.on rate ranged from 6. 5 - 52.9 1-mol/hr. 

(These children retained an average of 31.2 m~ of fluoride in the Qral 

cavity). Owen et .a1 19 reported maximum mean.-urinary fluoride excretion 

rates after four minute. APF g_el· (1. 23% F) appl icatior:rs to be 3.2 llllOl/hr 

in children and 16.1 lJlllOl/hr in adults (the average retained -fluoride was 

11.2 mg ~or both. the children and adults). Ekstrand reported values. 

higher than Owen because ·the applied and ret~ined fluoride was approximately 

three times higher. Moreover, Ekstrand reported a range of urine 

fluoride excretion rates whereas Owen reported a mean fluoride excretion 

rate. The values reported in the above literature were in good agreement 

with the values found in this study. 

Whole saliva fluoride concentrations before APF gel application in 

this study averaged 4.0~ .5 11M. Aasenden et a1 15 reported control values 

of 0.78 to 1.30 Jvl. Parkins 11 found somewhat higher control values of 5 

to 10 11M. All these values are reasonably close in agreement'. The differences 

may be exp·lained on the basis of individual variation and fluoride history. 
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That is, ~ifferences in toothpastes, water fluoridation, food ingestion, 

salivary flow rate, etc. effect whole saliva fluoride concentrations 

not only between individuals but within the same individual at different 

times. 

Fifteen and thirty minutes af~er APF gel the average whol~ saliva 

~oncentrations were 1,630 and 629 ~M. Aasenden et a1 15 reported whole 

saliva fluoride concentration after,four minute application of an APF 

topic~l solution (1.2%) at 10 minutes to rang~ between 8320 and 18,720 pM 

(160-36~ ppm) in five young adults. At 30 mi~utes the value~ ranged from 

510 to 1612 pM (9.8-30.~ ppm). These 30 minute values are in fairly close 

agreement with the pres_ent results.· The 10 minute va 1 ues were somewhat 

higher than the 15 minute values of this study which would be expected 

because s&livary fluoride concentrations are known to drop markedly over 

time following APF application. This probably was ·due to the ·:constant -swal-

lowing of saliva. Also, the fact that a solution rather than a gel was 

applied_. to the teeth ~n Aasenden's study may likely have resulted in 

more fluoride being applied, thereby resulti-ng in higher whole saliva 

fluoride concentrations. 

The present control enamel fluoride concentrations were in good 

agreement with values reported by other authors for subjects residing 

in water fluoridated areas. 31 ' 32 ,33 ,36 Wei and Schultz33 reported mean 

contr.o 1 ename 1 fluoride concentrations in permanent centra 1 incisors of 

children born and raised in a 1 ppm fluoride community to be 2,838~ 220 ppm. 

Brudevold e~ a1 36 reported mean enamel fluoride concentrations of 2160~ 550 

ppm in the maxillary central incisors of 30 children. Other authors have 



reported lower control values for subjects. raised in nonfluoridated 

areas. 12 ,l3,32 ,34 These values usually ranged from 400 to 1000 ppm. 
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Brudevold, McCann and Gron31 reported enamel fluoride concentrations in 

permanent anterior teeth in patients from both nonfluoridated and 

fluoridated communities and the range was from 400 to 2500 ppm. They 

showed a strong correlation between individual fluoride history and 

the fluoride concentrations in the enamel. Children born and raised 

in a fluoride community can be reliably expected to exhibit a higher 

enamel fluoride concentration than children born and raised in a non-

fluoride community. 

Fifteen minutes after APF gel application the·~ean enam~l fl~oride 

. + 33 
concentration ~as 10,742- 1184 ppm. Wei and Schultz reported mean 

fluoride values in 'enamel of 16,048~ l,513 ppm immediately following 

four minute APF gel applications. They also reported this value to be 
+ 3,828- 413 ppm after only 1 week. The post APF gel enamel flubride 

\ 

concentration's decrease rapidly over time. This has been postulated33 ,49 

to be due to a calcium fluoride precipitate forming on surface enamel 

during a· topical gel application. This unstable precipitate is then 

exposed to the constant rinsing effect of saliva which is undersaturated 

with calcium fluoride. 16 This.tends to wash away the high surface fluoride 

precipitate fairly rapidly. Also, very little fluoride i.:s. d~p·rrs.tt,eu.-on or 

maintained by. the~·.:su.rface en a me 1 as fl uorapa ti te. 60 

Unlike the gel data, which showed substantial local and systemic 

uptake of fluoride, the results from this study indicated that very 

little fluoride was available for systemic or enamel uptake following 

routine alginate impressions using the brand of alginate selected. 
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Urine concentrations b~fore alginate impressions averaged 49.7! 5.5 ~M 

and afterward 69.-6! 9.1 ~M (Figu~e 2). Mean urinary excretion rates 

before and for approximately three hours after alginate impressions were 

1.39! 1.7 and 1.87! .29 ~mol/hr, respectively (~igure 3). Whole saliva 

fluoride concentrations expressed in ~M-averaged 5.7! ·.8 before, 148! 

21 at 15 minutes and 71! 12 at 30 minutes (Figure 4). Surface enamel 

· fluoride. concentrations before alginate impressions_ayeraged 2,045!-210 ppm 

and 15 minutes afte~ward were 2,735! ·272 ppm (Figure 5). Only the before 

and after saliva data showed statistical significance (p <.001). 

These data are _in fairly close agreement with similar alginate data 

obtaine·d with stu-dies with adults 28 .in which mean control urinary fluoride 

excretion rates were 2.95 ~mol/hr. During the first two hour collection 

period after alginate imptessions, the rate· was 8.45 ~mol/hr and during 

the second two hour collection period the rate wa~ 4.91 ~mol/hr. Larger 

fluoride excretion rate~ in adults waul d be expe.cted because of the 

limited uptake of fluo~ide by the hard tissues (bone·and teeth) of adults. 

Control whole saliva values averaged 1.23 ~M and._at 15 minutes and 60 mi.nutes 

after alginate the values averaged 132 and 42 ~M, respectively. These 

values were closely related to the findings of this study. 

It was noted that _the average enamel fluoride concentration before 
+" APF gel was 2,731- 302 ppm. This value was slightly higher than the control 

value before alginate.(2,046! 210 ppm) but was of no statistical significance. 

Since the topical fluoride APF gel data was routinely. obtained at least 

one week after the alginate impressions, the possi-bility of this slight 

increase in control enamel fluoride concentration reflecting retained 

fluoride from after the alginate impressions cannot be disregarded. 
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This possibility is diminished however, since many patient~ went several 

weeks prior to topical APF gel application and it has been shown that 

most of the fluo~ide taken up by enamel from a top1cal fluoride gel 

application is lost within the firs~ .week. 33 Nevertheless, the possibility 

of a slight but relatively stable increase in surface enamel fluoride 

concentration after alginate impressions warrants further investigation. 

Hattab and Froste11 7 reported the whole saliva concentration immediately 

after taking an impression of the teeth to be 111 ppm or approximately 

5,770 ~M. This value is much higher than the whole saliva_ values in this 

study or that Whitford, et a1 28 rep6rted. There may be several explanations 

for this. First, only one subject was tested and no control value·was 

reported. Prior fluoride exposure (i.e., brushing with a fluoride tooth

paste, etc.) on_the ~est day would markedly effect whole saliva fluoride 

concentration .. Second, the saliva sample was taken immediately after the 

impressions. Higher fluoride concentrations would be expected at this time 

and, moreover, the incl.usion of minute particles of retained alginate in 

the saliva sample wou1d b~ more likely than at 15 or So minutes. These 

factors: could ma-rkedly effect the observed_ fluoride concentrations. Third, 

the dry powder fluori~e conc-entration of the alginate in Hattab and 

Frostell's report was 15,000 ppm·. Although this value is very close to 

the dry powder fluoride concentration of the alginate used in this present 

study (l6·,ooo ppm.),the availability of fluoride may have differed greatly. 

Comparing peak plasma fluoride levels in adults, Whitford, et a1 28 

reported an average peak value at 30 minutes of 1.69 ~M. H~ttab and 

Frostell 7 reported a peak plasma value of approximately 10 ~Mat 30 minutes. 

As previously discussed, Hattab and Frostell's report only included one 
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subject and no control values Were mentioned. After ingestion of 2.7 

grams of alginate ( ~11 mg of fluoride), Whitford et ~1 28 reported peak 

fluoride plasma levels of 6.86 11M and urinary excretion rates during the 

first two hour collection period averaged 34.2 JJmol/hr. This brings up 

the possibility that the adult subject in Hattab and Frostell's trial may 

have swallowed some of the alginate particles. Another possible explanation 

forth~ discrepancy-in reported peak plasma fluoride levels may be that the 

fluoride in the alginate used by Hattab and·Frostell was more readily 

available for systemic ibsorption than that. of the brand used by Whitford 

e.t a 1 . This pass i bi 1 i ty but with respect to- enamel fluoride uptake, was 

~xamined (Pilot Study D, Appendix C).· No significant difference·~ between 

brands, in fluor.ide.uptake by enamel following the use of two different 

brands of algin~te whose dry powder fluoride content differed by approximately 

8000 ·ppm was found. Both the brands increased the .average enamel fluoride 

concentrations, but only one of them to a statisticalJy significant level. 
. . 7 . . 

Finally, Hattab and Frostell reported the mean surface enamel uptake, 
~ -

in vitro, of four premolars following exp'osure to alginate for 18 hours to 

be 62o:t 64 ppm. Although not directly comparable to this in vivo study, 

the mean enamel fluoY'ide uptake was similar in both instances and in 

neither case was there statistically significant differences between the 

before and after enamel fluoride values. 

Based on the fluoride· excretion· rates· of these children following 

APF gel applicatian·in_which a known quantity of fluoride was retained, 

the amount of fluoride ingested following the alginate impressions can 

be roughl~ estimated. The children were not allowed to rinse or expectorate 

for at least 30 minutes following their-appo.intment except to obtain saliva 

samples. Therefore, it can be assumed that virtually 100% of.the fluoride 
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retained in the mouth was ingested, with the exception of any which 

might still be associated with the enamel. The face that a known 

quantity of fluoride was ingested when APF was used, allowed a rough 

approximation of.the amount of fluoride ingested following the alginate 

impressions. For example, if 20% of the retained -fluoride were excreted 

in the three hours fallowing the to pica 1 APF treatment and if, 5 mg were . 

·excreted in three hours after the alg~nate impressions, ihen it could be 

cautiously cbncl~ded that 25 mg of flOorid~ were ingested as a result of 

the impressio·ns. · ln this study, an average of approximately 690 ]ig of 

·fluoride were excreted in the first three hours following APF gel 

application. This ·represents roughly 5% of the retained fluoride. Using 

this i nformati o.n, it was calculated that the mean fluoride i·ngesti on after 

·the alginate impressions was less th~n 1 mg. 

There were probably several factors involved in the very limited 

availability of fluoride from algfnate. One reason would likely be that 

the alginate surface area-to-volume ratio was low.· That is, a very small 

proportion of the fluoride in mixed alginate was on the surface and able to 

interact with saliva, enamel and other oral tissues and fluids. Moreover, 

about one half of the surface alginate was covered by the impression tray 

itself. Another explanation was the limited exposure time. The impression 

material was placed in the mouth for approximately three minutes and then 

removed. Unlike the APF gel, very little of this material would be retained 

in the mouth since tt was in a solid (gel) st~te rather than. a liquid or 

semi-gel phase. Another factor might relate to the chemistry involved as 

alginate polymerizes. As previously described, alginate contains many 

different salt~. 2 ' 3 ' 4 The cations of these salts may bind most of the free 

-fluoride ions and tray them within the alginate ~s it is activated with water 
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and polymerizes. With limited exposure times, low surface-area-to

volume ratios and the possibility of fluoride binding by cations in 

alginate after the addition of water, it is not surprising that fluoride 

availability would be limited compared to that of APF gel. Further, 

since APF gels are both acidulated (pH 3.0~3.4) and flavored, they 

stimulate ~alivation. 1 Therefore~ this would enhance the swallowing of 

excess saliva ·and gel during application. On the other hand, alginates 

are alkaline during and after polymerization (pH 7.0-11.0) 2 and often 

not flavored and therefore would have less effect on· salivation. 
\ 

Some problems in the study deserving discussion concerned the 

collection of whole saliva and urine, and the.estimation of fluoride 
. 

availability based on the analyses of enamel biopsies and urine samples. 

Although fluoride concentrations in saliva presented no problems in 

interpretation, because they simply indicated the levels available to surface 

enamel and the oral and gastric mucosa, several problems were encountered 

in obtaining whole saliva samples. In several childrert an insufficient 

quantity of saliva was obtained for fluoride analysis. This was.part

icularly true of control .whole saliva samples where fluoride concentrations 

are too low to accurately be read by the ion sensitive electrode without 

prior diffusion to concentrate the fluoride. At least 2 ml of saliva 

are necessary because of the necessity for· diffusion ·( de.scribed in Appendix 

II). Another probl~m encountered was the fac~ that several children•s 

control whole saliva values were extremely high when compared to those of 

other children and expected values. The most probable· explanation was 

that the child brushed .with a fluOride toothpaste just prior to his dental 

appointment~ Although the children were requested not to eat or drink 
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anything at least two hours before their appointment, they may have done 

so inadvertently or may have brushed their teeth because that was expected 

of them prior to previous denta 1 _appoi ntrnents. In one chi 1 d, a sma 11 

piece.of alginate was observed in the:saliva sample at the time of 

fluoride analysis. Flu6ride ·diffuse~ out of set alginate over time when 

in solution. 7 As expected,. the fluoride concentration of this sample 

was higher than other samples obtained under similar conditions and could 

not be considered reliable~ When any of the above conditions were found 

or suspected, the sample was considered unreliable and the.refore not 

included in the summary calculation (X and SEM). 

Fluoride levels in surface enamel were expressed in ppm which. required 

knowledge of the amount of ename 1 bi ops i ed. This a_mount was determined 

from the quantities of both ca 1 ci urn and phosphor_us remov.ed from the 

tooth. ~ee Appendix II for details of phosphorus, calcium, fluotide 

and depth of etch analyses and calculations).Mature enamel contains 17% 

phosphorus and 37% ca 1 ci urn on a weight oasis. 14 ' 40 ' 50 The depth of the 

enamel biopsy .was calculated from the weight of the sample, the density 
. 2 . 

of rna ture enamel .( 2. 95) , the surface a rea of the biopsy site ( 'ITr ) and 

the assumption that the biopsy was cylindrical. (See Section E in Appendix II). 

This-calculation is essential because fluoride concentrations decline 

sharply with the depth of the biopsy. 

Either method (i.e., based on total calcium or phosphorus in the 

biopsy sample) of calculating ~g of enamel biopsied or depth of etch in 

~m is valid a.nd should give very close agreement. 14 Indeed in this study, 

the results based on both techniques were in very close agreement throughout. 
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However, the ppm enamel fluoride concentrations based on phosphorus 

routinely resulted in slightly lower values than those·calculated by 

.calcium and the depth of etch values routinely res~lted in sligh~ly 

higher va 1 ues (deeper etch) when bas:ed on phosphorus. These results 

are consistent with other publi~hed data. 14 ,49 The explanation for this 

observation is that mature enam~l does not·in fact consist of 37% calcium 

and 17% phosphorus by weight. Berry49 has shown enamel (expecially surface 

enamel) to be variably deficient in calcium. He discussed several 

alternative formul9-s for hydroxyapatite. One of these formulas is 

ca10_xH2x(P04)6(0H) 2. Another form~la is ca10_xHx(P04)6(0H) 2_x· As can 

be seen from these two formulas, apatite crystals are deficient to a 

variable degree in calcium. Therefore, when calculating the amount of 

enamel biopsied based on calcium there is a tendency to underestimate 

the amount of enamel biopsied which in turn. gives a slight overstimation 
' in the fluoride concentration. Obviously, 'the depth of etch based on the 

total amount of calci~m biopsied will be understimated. Phosphorus, on 

the otherhand, is less deficient and, therefore, thought.to be a better 

estimator of enamel fluoride concentration and depth of etch. Nevertheless, 

both calcium and phosphorus are good indicators. ln fact, most investigators 

tend to report values based on calcium perhaps because of the ease of 

sample preparation. 

One further area needing discussion is the fact that the depth of etch 

and total enamel .biopsied after APF gel, although not statistically different, 

~ere l~ss than the before and after alginate and before APF gel values. A 

probable explanation fo~ this is that APF gel application causes a 

substantial laye~ of calcium fluoride precipitate to be formed on the 
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surface ename1. 60 This would tend to result in a shallower etch depth 
\.. 

and a d~crease in t'he amount of enamel biopsied. 

In contrast to whole saliva and surfac~ enamel fluoride concentrations 

which measure 1 oca 1 1 evel s, u.rfne fluoride concentrati ens were used to 

estimate systemic absorpiion~ A1though urinary fluoride concentration 

d . fl . d . . d b t. 1 ' 51 . t. has been use to est1mate uor1 e 1ngest1on an a sorp 1on, excre 1on 

rate data (concentration times urin~ flow rate) are more accurate 

because these values take into account variations in urine flow rate. 

Both concentration and excretion rate data. were obtained in this study 

and both showed nearly identical pr6pbrtionate changes after the alginate 

impressions Qr APF gel applications. 

The major uncertainti'.es. · associated with excretion rates are the 

completeness of emptying the bladder and the accurate notation of time 

and volume. The importance of these factors was described to each 

patient and parent. However, even with these precautions, several volunteers 

failed to record accur~te times or remember to collect a sample. Further, 

there are severa 1 determinants. of uri nary fl u.oride concentration including 

fluoride ingestion, plasma fluoride levels, urine flow rate and pH, 

and the age of the subject. Since each patiertt was his own control in this 

study, these·variables w~re probably of little.significance. Nevertheless, 

it is noted that among children there is a positive relationship between 

age and fluoride excretion which is due to great~r fluoride uptake by the 

calcified tissues· of the younger children. 20 ,28 Also, urine pH can alter 

fluoride excretion rate and'clear&nce. The lower the pH of the urine, the 

lower the fluoride excretion rate. 43 ,53 ,54 Each patient was ~sked to avoid 

fluoride-containing products on the day of the study and not to eat or 



drink for at least two hour~ prior to and one hour following the 

appqintment. Therefore, during. the time of urine formation prior 

to th~ appointment, plasma fluoride levels should have ranged from 

about 0 .. 5 11M to not more than 1.0 lJM. 1 ' 28 ' 5~ith these precautions, 

it was expected that control urine fluoride ~oncentrations should 

range from 25 to 5.0 11,M and excretion rates should average about 

37 

1.5 11moles per hour and indeed the control values were very close to the 

expected values (previous discussion). Under these conditions, 

ingestton of only 1 mg fluori~e should result in about 2 to 3-fold 

increases in both urine fluoride cori~entrations and excretion rates28 ,46 

during the first two to three hours after ingestion. 

Still another Vqriable which will influence urine fluoride concen

trations and excretion rates after the absorption of additional fluoride 

is the duration of the collection. Following th~ inges~io~ of fluoride, 

the peak plasma level ustially occurs wi~hin 30 to 45 minutes. 1 ~ 7 , 28 

The concentration then .declines multiexponentially and, if the. ingested 

amount was :5 n1g or 1 es s, contra 1 p 1 asma va 1 ues are achieved in about 

12 hours. Urine levels parallel plasma levels. Thus, both urine 'fluoride 

concentration and excretion rate are inversely related to the duration of 

the collection period after the first 30 to 45 minutes. To minimize such 

variation, the patients were encouraged to void between two and three 

hours after the alginate impressions or the topical application of the 

fluoride gel. 

Even though urinary fluoride concentration has become an accepted 

means for estimating systemic fluoride levels, the conclusions based on 

such data are always uncertain to some degree for the reasons discussed 
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above. One of the best methods to quantitate the bioavailability of an 

ingested drug is to determine the area under the time~plasma concentration 

curve and compare that to va 1 ues obtai ned when known quantities of th.e 

drug have been injected intravenously. 55 Although not as precise, similar 

comparisons can be made after known quantities of the drug have been 

ingested. These methods were not used in the current work because of 

the need for frequent blood samples, the associated risks and poor patient 

acceptance. 

The use of the alginate impression material used in this study appears 

not to be associated with any hazard of acute fluoride toxicity, including 

gastrointestinal ir~tt~tion~6 when the product is used as directed and 

ingestion of the material is minimized. If, however, multiple impressions 

were taken and/Or if substantial amounts of the material were swallowed,. 

then systemic fluoride levels several times higher than those which occurred 

in this study would be expected. Moreover, there may be large differences 

in fluoride availability among the different brands of alginate. It 

should be r~called that Hattab and Frostell 7 reported plasma fluoride 

levels of up to 10 ~M in their subject and the whole saliva fluoride 

levels were much higher than those of the current study. These authors 

claimed that the peak plasma value indicated an oral ingestion of 6 mg 

of fluoride. This possibility of differences in availability deserves 

further study. It seems justified to also say that alginate impressions 

are not an effective way to supply high doses of fluoride to surface 

enamel. Even though whole saliva levels were elevated with statistical 

significance following alginate impressions, the increase was much lower 

than that observed following APF gel application. Moreover, surface 



I 

39 

enamel fluoride lev~ls before and after the alginate impressions did not 

differ with statistical significance. 

In contrast to the limited availability of fluoride from alginate, 

fluoride from the APF gel was readily available both intraorally and 

systemically._ As discussed earlier, the current results were in good 

agre~ment with those of other-published results. 

The quantities.of APF gel applied with the "cotton roll" technique 

are probably more than are required to effectively elevate the concentrations 

of fluoride in surface enamel. For example·, an average of 12.0 mg of the 

26.1 mg ~f fluoride applied were remov~d from the mouth with the cotton 

rolls. Thus, an average of 46% of the applied fluoride served no useful 

purpose and was potentially available for systemic absorption. The remain

ing 14.1 mg were almost certainly available for systemic absorption because, 

according to the manufacturer•s recommendation and established practice, 

the chi 1 dren were requested not to expectorate_, rinse or drink for 30 

minutes after applicat~on of the gel. 

The plasma fluoride levels of these children cannot be known with 

certainty but they can be estimated using several approaches. Ekstrand, 

who has reported extensively on the pharmacokinetics of fluoride in 

·humans, showed peak plasma fluoride levels in adults of ~11 ~M after the 

oral ingestion of 3 mg of fluoride taken as ·sodium fluoride tablets. 56 

These values occurred at 30 to 45 minutes after ingestion. After _2 to 3 

hours, the concentrations were still elevated over the control levels 
. 57 . 

(0.47 11M) at _1.7 to 2.6 11M. In another study, four adult subjects 

ingested toothpaste containing 6 mg of fluoride as sodium fluoride. 

Peak plasma levels _occurred within 45 minutes and ranged from 8.9 to 

15.3 11M. After two and three hours, the average plasma fluoride concentra

tions were 6.3 and 3.7 11M~·respectively. Again, the control levels were 



0.5 ~M. Because the children in the current study retained more 

fluoride than used in either of Ekstrand's studies, it is likely 

that thEiir plasma levels were higher at all time points than any of 

those given above. 

More directly, Ekstrand and Koch 58 used twice as much of the 

same APF gel and the same application technique as used in this study, 

40 

. and found that adult plasma fluoride levels peaked at 52 ~M at 30 minutes 

and, unexpectedly, remained at about 46 ~M for the next two to three hours. 
"" 

In a more extensive but similar study which included observations on 

eight 5 to 16 year old children before and after application of 3 ml 

of a 1,23% fluoride gel, plasma fluoride level~ ranged from 16 to 79 ~M 

a~ one.hour (35.6! 7.6 11M) and remained elevated during the second hour. 59 

In _the present. study, where the average amount of gel a.ppl ied was 

2.J ml, urinary fluoride excretion for two to three hours following gel 

application averaged 8.6 times more than during the control collection. 

Using the standard for~ula for the-the renal clearance of any substance 

and assuming that the renal clearance rate of fluoride did not change as 

a result of the gel application, it ca-n be calculated that the a·v.erage 

plasma fluoride level during the urine collections must have also been 

elevated by a factor of 8.6. Normal fasting plasma. fluoride concentrations 

in 1 ppm areas have been report~d to be close to 1 ~M. 1 ' 7 ' 28' 5~herefore, 

the average post-gel concentration would have been about1 8.6 ~M. This 

estimated value does not reveal whai the _average peak plasma value might 

have been but is seems certain that it was higher than 8 or 9 ~M~ 
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The current findings and those of Ekstrand56-59 indicate that 

systemic fluoride absorption following 1.23% topical fluoride gel 

application is large·· and they argue for the development of application 

methods which minimize the amount of applied and retained gel. The use 

of custom-made or closely fitting.trays ·might be of value in this regard~ 

Moreover, the possibility of several adverse effects is raised. One of 

the.s.e .is denta 1 fluorosis. 
44 . 45 Hodge and N1zel have reported dental fluorosis in children 

reared in communities ·Where water fluoride content was 2 ppm or greater . 

. This is associated with a total fluoride ingestion of about 2 mg per day. 

Recently, several authors have reported dental fluorosis ·in children 

receiving optimal and sub-optimal fluoride 1intake. 
. .· 22 

Aasenden and Peebles 

. reported on dental -~luorosis i~ children 7-12 years of age who received 

fluoride supplement~ from shortly after birth (0.5 mg/day to the age of 3 

years a.nd 1.0 mg/day thereafter). They reported dental fluorosis involving 

at least two teeth in 63% of the subjects. However, no severe fluorosis 

was observed and madera te fluorosis was reported. in on 1 y 8,; .6% 'of the cases 

with the remaining cases being either mild or very mild. Murray and Shaw24 

repo~ted on the incidence of enamel opacities in children born and raised 

in a. 0.26 ppm water fluoridated area. They f6und that over 80 percent of 

the children 13-14 years of age showed mineralizatibn defects in··th~i~~teeth. 

However, only 2.4 percent of these defects exhibited the horizontal white 

lines stated to be pathognomic of fluoride-induced enamel changes. In both 
22 24 ' of these reports, ' the teeth most often effected by fluorosis were the· 

maxillary permanent central incisors and the tooth surface most often 

effected was the·facial surface. 
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The plasma levels of fluoride associated with the development 

of enamel fluorosis in humans are not known with certainty. They cannot 

,be very high, however, because fluorosis has.become a problem in areas 

where the water fluoride 1 evel is in ex~ess of 2 ppm44 ' 45 an.d Ekstrand 

has determined daily plasma fluoride levels in such areas. 48 He found 

,levels ranging from. 1 to 5.8 ~M in h~mans living in an area where the 
. ' 20 

water contained 9.6 ppm fluoride, for example. Angmar-Mansson et al 

have shown that occassional peak plasma levels of 10 ~M are associated 

with dental fluorosis in rats. Further studies with rats by Angman

Mansson and Whitford47 have produced dental fluorosis at sustained 

(1 week) plasma fluoride levels ~s low as 3 to 5 ~M. It is not clear 

whether transient peak plasma fluorid~ levels of 50 ~M .or more58 ,59 

can produce dental fluorosis but it is clear that the possibility warrants 

investigation. 

Another area wor.thy of ·cons·i deration. is the effect that a~ute 

fluoride exposure has on the kidney functi·bn. Whitford and Taves21 

found a transient urinary concentrat'ing defect in rats subjected to 

acute systemic doses of fluoride~ Tpis defect was clearly established 

at plasma fluoride levels of 30 ~M and increased in severity with 

increasing .plasma levels. It was suggested that the fluoride-induced 

concentrating defect might be due to increa:sed medullary blood flow, 

.increased permeability to water or decr~ased sodium reabsorption in the 

ascending limbs of Henle•s loop. In addition, children often complain 

of nausea during and immediately after topical application of 1.23% 

APF gel. Occasionally, this complaint is associated with vomiting. It 

is the opinion of so~e practitioners that these clinical observations 



43 

are associated with overstimulation of the "gag reflex" but the 

possibility of a local transient fluoride toxicity cannot be dismissed. 

Nausea and vomiting are also frequently experienced by patients ingesting 

sodium fluoride (20 to 100 mg per day) for the treatment of osteoporosis. 52 

Preliminary data from Pashley and Whitford46 have shown that exposure of 

the rat stomach to fluoride concentrations as low as 192 ppm for.lO minutes 

results in disruptton of gastric mucosal epithelium, as revealed by 

histologic examination, and occassional ulcerations. In view of the 

high fluoride concentration of 1.23% APF gel (12,300 ppm), the possibility 

of acute ga~tric irritation followed by nausea and vomiting deserves 

further study. 



SUMMARY 

The bioavailability of fluoride following alginate impressions 

and topical fluoride gel applicat~on were studied in children five 

to fourteen years of age. The results observed in these children 
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were similar to previously reported data on adults in that very little 

(probably less than 1 mg) fluoride in alginate from one set of impressions 

is available for enamel uptake or systemic absorption. These data, 

however, do not indicate peak body fluid fluoride 1 eve 1 s .of young 

children where impressions may be retaken or pieces of alginate 

swallowed. The potential for high body fluid fluoride levels should 

not be overlooked. Hence, it is recommended that patients (especially 

young children) be allowed to .rinse and expectorate following impressions· 

and that the ~outh be examined for r~t~ined pieces of alginate, wh1th 

~houJd be remoyed. 

On th~ other hand, the·topical fluoride gel data, which were in 

·general agreement with the results of other·gel studie~l,l 9 , 33 , 38 indicate 

·substantial Fnamel .uptake and systemic ~b~orption of fluoride. The data 

presented on the amount of fluoride retained in the mouth following 

routine topical fluoride gel application were in agreement with values 

published by Mor.ris, et a1 19 and should stimulate further research since 

peak plasma levels of about 10 ~M are thought to produce mild enamel 
20 fluorosis. Based on the urine fluoride excretion rates, plasma values 

in these children were roughly estimated and. certainly were above this 

value. Furthermore Ekstrand58 has shown peak plasma fluoride concentrations 

of 50 11M in adults receiving the same topi.ca 1 fluoride treatment used in this 

study.~ : .. It is strongly recommended that. children with developing enamel 



be allowed to expectorate following gel application or that the mbuth 

be thoroughly suctioned out following this type of procedure. 
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Steps to minimize the amount of excess gel applied to the teeth 

should be-undertaken and new methods of application should be developed 

and evaluated. Further research into the mechanisms of absorption and the 

effects of ingestion of relatively large quantities of fluoride are 

needed as well as studies on the cariostatic efficacy of products with 

lower fluoride concentrations. 
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APPENDIX 1 

SUBJECTS, RAW DATA, CALCULATED VALUES, AND MEAN (){) and STANDARD 

ERROR OF THE MEAN (SEM) FOR ALL IN 'VIVO SAMPLES 

TABLES: 

A. APF Gel Weights and mg Fluoride Applied, Recovered and Retained 

l. Participating Subject Data 

2. ·Quantitie~ of Fluoride Applied, Recovered and Retained _ + . 
in Selected Patients Receiving Topical APF Gel Treatment= X·- SEM 

B. Urine 

1. Participating Subject D~ta 

2. ·Dur~tion of Urine Collection, Urine Volume~ Flow Rate, 
Fluoride Concentration and Excretion Rate in All Subje~ts 

3. X and SEM for Table !82 

C. Saliva 

1. Parttci~ating Subject Data 

2. Fluoride Concentration in Whole Saliva 

3. X and SEM for Table .lC2 

D. Enamel Etch 

1. Participating Subject Data 

2. Enamel Etch Biopsies In Vivo; mg of Calcium Biopsied, 
mg .of Phosphorus Biopsie.Cl, and mg of Enamel Biopsied 
based on Calcium and Phosphorus · 

3. X amd SEM. for Table ID2 

4. Enamel. Etch Biopsies In Vivo; Depth of Etch and Fluoride 
Concentration in PPM Based on Calcium and Phosphorus 

5. X and SEM for Table ID4 
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TABLE LAl 

BODY WEIGHT, SEX, FLUORIDE HISTORY, deft/DMFT, AND AGE OF PATIENTS 

Patient 

2 JC 

3 RH 

4 AJ 

5 JM 

6 JPi 

7 JP 

8 RP 

9 JR 

10 OS 

N=9 

WHO RECEIVED WEIGHED APF GEL APPLICATIONS 

Body 
Weight( kg) 

22 

26 

30 

19 

33 

24 

29 

30 

42 

28.3 
+2.2 

Sex 

M 

M 

F 

M 

M 

F 

F 

F 

M 

5 M 
4 F 

Fluoride History 
Home School 

yes. yes 

no no 

no no 

yes yes 

no yes 

yes yes 

yes yes 

no no 

no no 

4 yes 5 yes 
5 no 4 no 

Tooth~aste 

yes 

yes 

no 

yes 

yes 

yes 

yes 

no 

no 

6 yes 
3 no 

All values at Chilct•s Initial Visit 

deft/DMFT Age 

10 ~6 

18 ·a 

13 9 

5 5 

11 12 

10 7 

3 ' 10 

11 12 

11 12 

10.2 9:.9 
+1.4 



TABLE IA2 

QUANTITIES OF FLUORIDE APPLIED, RECOVERED, AND RETAINED IN SELECTED 

PATIENTS RECEIVING TOPICAL APF GEL TREATMENT 

Patient 
Number 

2 

3 

4 

5 

6 

T 

8 

9 

10 

N=9 

APF Gel Wt(gm) 
AQQlied 

2.098 

1.680 

1.877 

1.826 

1. 975 

2.189 

1. 996 

2.633 

2.851 

2.13 
+.13 - . 

AQQlied 

25.81 

20.66 

23.09 

22.46 

24.29 

26.93 

24.56 

32.40 

35.07 

26.14 
+1.57 

FLUORIDE (mg) 
Recovered 

14.53 

9.10 

9.73 

13.22 

7.83 

1 ,5 .12 

9.25 

14.70 

14.71 

12.02 
+ .99 

Retained 

11.28 

11 . 56 

13.36 

9.24 

16.46 

11 . 81 

15.31 

17.70 

20.36 

14 .. 12 
+1.20 
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TABLE IB1 

BODY WEIGHT, SEX, FLUORIDE HISTORY, deft/Dr·1FT. AND AGE OF PATIENTS 

Body 
Patient Weight{ kg) 

1 JB 46 

2 JC 22 

3 RH 36 

4 AJ 30 

5 JM 19 

6 JPi 33 

7 JP 24 

8 RP 29 

9 JR 30 

10 OS 42 

11 JBo 48 

12 JW 18 

13 MW 18 

N = 13 29.6~2.8' 

GIVING URINE SAMPLES 

Sex 

M 

·M 

.M 

F 

M 

M 

F 

F 

F 

M 

F 

F 

M 

7M 
6F 

I 

F1 uoride Hi story 
Home School 

no no 

yes yes 

no no 

no no 
I 

yes yes 

no yes 

yes yes 

ye~ yes 

no no 

no no 

no no 

yes yes 

yes yes 

6 yes 7 yes 
7 no 6 no 

ToothEaste 

yes 

yes 

yes 

no 

yes 

yes 

yes 

yes 

no 

no 

yes 

yes 

yes 

10 yes 
3 no 

All values at child's initial visit. 

deft/DMFT 

16 

10 

18 

13 

5 

11 

10 

3 

11 

11 

18 

0 

0 

+ 9.7-1.7 
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Age 

12 

6 

8 

9 

5 

12 

7 

10 

12 

12 

14 

7 

5 

+ 9.2-.8 
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DURATION OF URINE COLLECTION, URINE VOLUME, FLOW RATE, FLUORIDE CONCENTRATION AND EXCRETION RATE IN ALL SUBJECTS 

Duration Urine Volume Urine Flow -Rate Concentration Fluoride Excretion Rate 
Patient {minute) (ml) {ml/hr) {~M F) {~ mol/hr) 

la 230 30 7.8 61 .478 
lb 340 100 17.7 ].4 1.308 
1c 285 210 44.0 43 1.890 
1d 145 160 64.0 354 22.600 
2a 90 40 26.7 98 2.617 
2b 160 80 "30. 0 142 4.270 
2c 70 55 47.0 59 . 2. 770 
2d 130 120 55.3 260 14.380" 
3a 130 65 30.0 43 1.290 
3b 110 60 33.0 74 2 .4~30 
3c 180 68 22.7 65 1.475 
3d 105 40 23.0 1025 23.470 
4a 360 160 27.;0 62 1.674 

* 4b 300 280 56.0 62 3.472 
4c 60 1-5 15.0 38 .570 . 
4d 90 20 13.0 278 3.614 

* 5a 300 10 2.0 109 .218 
* 5b 15 10 40.0 108 4.320 

5c 110 60 33.0 60 1. 980 
5d 100 60 36.0 388 13.970 

* 6a 135 72 
* 

32.0 83 2.656 
6b 240 340 85.0 18 1.530 

<.T1 
0 

6c 190 70 22.0 64 1 .. 414 
6d 420 160 22.0 703 15.540 



Duration Urine Volume Urine Flow Rate Concentration Fluoride Excretion Rate 
Patient (minute) · (ml) (ml/hr} (.11M F} (Jl mol/hr) 

7a 120 30 15.0 39 .585 
7b 180 50 16.6 37 .620 

7c 85 27 18.0 47 .846 

7d 240 20 5.0 385 1.925 

Ha 100 40 24.0 42 1.008 

8b 180 60 20.0 62 1.240 

Be 90 50 33.0 68 2.244 ~ 

8d 225 110 33.0 164 5.412 

9a 95 80 .53.0 29 1.550 

9b 180 100 33.0 60 2.000 

9c 90 23 67.0 23 1. 530 

9d 180 r 100 33.0 812 27.040 

lOa 80 26 19.5 ' 54 1 .053 

lOb 330 70 12.7 105 . 1.330 

*lOc 30 60 120.0 26 3.120 

*lOd 210 100 28.6 195 5.580 

7a' 180 65 21.7 44 .955 

7b' 275 100 21.7 37 .803 
7c • · 85 30 21·. 2 43 .912 

7d' 490 120 15.0 585 8 .. 775 
sa• 90 20 13.3 62 .825 
8b' 230 50 13.0 61 .793 

Be' 145 160 66.2 26 1. 721 
*ad· 110 225 122.7 48 5.904 

11 a 210 290 83.0 16 1.330 U1 
1-1 

11 b 180 350 117.0. 27 3.160 

12a 80 140 105.0 23 2.415 
12b 145 120 48.0 33 1. 585 
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Patient (minute) {ml) {ml/hr) {~M F) {~ mol/hr) 

13a 200 80 24.0 47 1.129 

*13b 145 - - 116 

5a 1 110 60 33.0 45 1.475 
5b 1 120 80 40.0 53 2.120 
2a• 40 20 30.0 81 2.430 

2b 1 210 100 29.0 93 2.660 

# - refers to the patient 
a - Urine data before alginate impressions 
b - Urine data after alginat~ impressions 
c - Urine data before topical F gel application 
d - Urine data after topical F gel application 

Refers to a patient participating in this portion of the s~udy for a second time 

4b - This child voided at 210 minutes after alginate impressions but failed to collect a sample. 
The thild 1 S next void was at 300 minutes and the sample was retained for volume and fluoride·: 
concentration -readings. However, the data is not reliable and therefore not ~se~ in the summary data. 

5a,5b - This child votded at 240 minutes after alginate impressions but failed to collect a sample. 
The child•s next void was at 15 mt~utes and the sample was retained for ·volume and fluoride 
concentration readings. However, the data is not reliable and therefore not used in the summary 
data. 

6a,6b - Data is inconsistent with all other data, therefore is not used in summary data. 

lOc,lOd - This child voided at 120 minutes after topical fluoirde gel application but failed to collect 
a sample. The child•s next void was at 210 minutes and the sample was retained for volume 
and fluoride concentration readings. However the data is not reliable and therefore not used 
in the summary data. 

8d•- Fluoride concentration is far below the other subject values after APF gel, therefore value is not 
included in summary data. 

0"1 
N 

13b - This child voi~ed at 145 minutes after alginate impressions but only a partial urine sample was collected.· 
Fluoride concentration was measured, but :-fluoride excretion rate was not able to be calculated. 



TABLE I.B3 

URINE FLUORIDE CONCENTRATION IN 11M AND EXCRETION RATE IN 11mol/HR 

Before Alginate 

After Alginate 

Before APF Gel 

. After APF Ge 1 

Before Alginate 

After Alginate 

Before APF Gel 

After APF Gel 

+ * Mean - SEM 

FLUORIDE CONCENTRATION 11M. 

49.73:: 5.48* 

69.57 ~ 9.08 

48.73! 4.73 

495.40! 87.44 

FLUOR I DE EXCRETION RATE 11mol/hr · 

1.388:: .170 

1 . 871 ! .293 

1.577:: .195 

13.673 ! 2.769 

SAMPLE SIZE 

15 

14 

11 

10 

SAMPLE SIZE 

15 

13 

11 

10 

53 



TABLE IC1 54 

BODY WEIGHT, SEX, FLUORIDE HISTORY, deft/DMFT, AND AGE OF 

PATIENTS IN THE STUDY GIVING SALIVA SAMPLES 
Body Fluoride History 

Patient Weight( kg) Sex Home School ToothEaste deft/DMFT Age 
1 JB 46 M no no yes 16 12 
2 JC 22 M yes yes yes 10 6 

3 RH 26 M no _no yes 18 8 

4 AJ 30 F no no no 13 9 

5 JM 19 M yes yes yes 5 5 

6 JPi 33 M no yes yes 11 12 

7 JP 24 F yes yes yes 10 7 

8 RP 29 F yes yes yes 3 10 
9 JR 30 F no no no 1 '1 12 

10 OS 42 M no no no ·11 12 
11 JBo 48 F no no yes 18 14 
12 JW 18 F yes yes yes 0 '7 

13 MW 18 M yes yes yes 0 5 

14 SJ 22 M yes yes yes 9 9 

15 AP 20 F yes yes yes 11 6 
16 EF 21 M yes yes yes 6 7 
17 RS 28 M yes yes no 6 9 

18 BS 43 M yes yes yes 3 10 

19 SR 20 M no no yes 9 6 

20 VL 15 F yes yes yes 6 5 
21 TP 15 M no no no 12 7 
22 OM 23 M yes yes yes 3 7 
23 MA 16 M yes yes yes 3 5 

24 PK 25 M no no no 13 8 

25 JJ 18 F no no no 10 7 
26 MF 17 F no no yes 11 6 
27 TS 15 F yes yes yes 6 6 

N=27 + 25.3-1.9 16 M 15 yes 16 yes 20 yes 
. + 

8.7-.9 + 8. 0- . 5 
11 F 12- no 11 no 7 no 

All values at child's initial'visit 
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TABLE IC2 

FLUORIDE CONCENTRATION IN WHOLE SALIVA 

.ti ent Coneentration(~M F} Patient Coneentration(~M F) Patient Coneentration(~M· F) 

la 4. 1 ~- 6e 627 Be' 79 
lb 160 6f 748 8d' 0.6 
le 82 7a 1. 8 Be' 2260 
ld .. 9 7b 196 Sf' 643 
le 1870 ' 7e 82 2a' 12.3 

'\ 

1f 457 ·7d 3.5 2b' 85 
2a 12.2 7e 2032 2e' 44 
2b 162 7f 724 2d' 7.9 
2e 71 Sa . 2. 3 2e• 587 
2d 6.3 8b 104 2f' 394 
2e 1423 Be· 143 4a' ·9.3 
2f 457 S'd 2.8 4b• 153 
3a 5.0 Be 797 4e' 34 
3b 68 Sf 698 4d I. 3.8 
3e 57 9a 1 . 1 4e' 506 
3d 6.5 9b 231 4f' 125 

* 3e 860 9e 46 Sa' 4.7 
3f 655 9d 6.6 5b' 757 
4a 2.6 9e 1487 5e' QNS 
4b 46 9f 760 5d' QNS 
4e 14 lOa 6.3 5e' 1382 
4d 3.5 lOb 434 5f' QNS 
4e 3978 lOe 297 14a 3.5 
4f 629 lOd 2.8 l4b 47 
5a 7.6 lOe 1718 14e 57 
5b 147 lOf 899 14d 2.5 
5e 50 7a' 4.3 14e 852 
5d 3.4 7b' 55 14f 555 
5e 2983 *7e' QNS 2a" 16.7 
Sf 640 7d' 7.4 2b" 101 
6a 2.9 7e' 1550 2e" 42 
6b 92 7f' 618 *5a" QNS 
6e 52 8a' 3.3 5b" 82 
6d 3.0 8b' 400 5e" 35 



TABL~ JC2 (cont.) 56 
.ti ent Concentration(~M F) Patient Concentration(yM F) Patient Concentration(~M 

11 a 10.0 17b 183 
11 b 66 17c 88 
11 c 30 18a 4.8 
12a 2.8 18b 11·4 
12b 47 18c .4,6 
~12c 19 *19d 1998 
13a 2. 1 19e 1739 
13b 26 19f 934 
13c 19 -*20d Qr~s 

15d 1 . 6 20e 8001 
15e 1726 20f 3406 
15f 886 21d 4.0 
16a 1.4. 2le· 2450 
16b 145 2lf 812 
16c 68 22a :6.6 

17a 12.3 22b 105 

# - Subject number 
a - Saliva sample immediately- before alginate impressions 
b - Saliva sample 15 minutes after alginate impressions 
c - Saliva sample 30 minutes after alginate impressions 

22c 
*23a 

23b 
23c 

*24d 
24e 
24f 
25a 

*25b 
25c 
26a 
26b 
26c 
27a 
27b 
27c 

d - Saliva sample immediately before Luride Topical Fluoride Gel Application 
e - Saliva sample 1·5 minutes after Luride Topical Fluortde Gel Application · 
f - Saliva sample 30 minutes after Luride Topical Fluoride Gel Application 

7C 1 Saliva sample quantity was in~ufficient for fluoride analysis therefore 
value is not included in summary data. 

35 
99.6 

316 
241 
73.3 

362 
QNS 

5.2 
813 
144 

4.2 
213 
90 
3.0 

323 
43 

5a 1 -5f 1 Three samples ~had insufficient sample quantities for fluoride analysis 
therefore values were not included in the summary data. 

5a 11 -5C" Quantity not sufficient to read control value therefore values were not 
included in summary data. · 

12c Fluoride value represents that of a two hour after alginate impressions saliva 
sample. Therefore this value was not included in the summary data. 

19d-19f Before Topical Fluoride control value is extraordinarily high and not 
· · representative of- true contra 1 who 1 e sa 1 iva therefore va 1 ues were not inc 1 uded 

in the summary data. 

F) 

20d-20f Quantity not sufficient to read control values therefore values were not included 
in summary data. 

23a-23c Before alginate control value is extraordinarily high and not representative 
of true control whole saliva therefore values were not included in the summary 
data. 

-24d-24f Before Topical fluoride control value is extraordinarily high and not 
representative of true control whole saliva therefore values were not included 
in the .summary data. ' 

25b Small piece of alginate was in saliva sample therefore value not included 
in summary data. 
Refers to a subject participating in this portion of the study for a second time 

11 Refers to a subject participating in this portion of the study for a third time 



TABLE tC3 

'WHOLE SALIVA FLUORIDE CONCENTRATON IN ~M 

Before Alginate 

15 Minutes after Alginate 

30 Minutes after Alginate 

Before APF Ge 1 

15 Minutes after APF Gel 

30 Minutes after APF Gel 

* X ! SEM 

FLUORIDE CONCENTRATION ~M · 
+ 5. 68 - . .80 

148.12 : 21.32 

71.38: 11.86 

3.95 :!' .54 

1,629.76 :!' 226.61 
+ 629 .41 ... 46 .. 67 

* 
SAMPLE SIZE 

N = 26 

N = 25 

N = 24 

N = 17 

N = 17 

N = 17 

57 
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TABLE I Dl 

BODY WEIGHT, SEX, FLUORIDE HISTORY, deft/DMFT, AND AGE OF PATIENTS 

FROM WH0~1 ACID ETCH ENAMEL BIOPSIES WERE OBTAINED 

Body Fluoride History. 
Patient Weight( kg) Sex Home School ToothQaste deft/DMFT Age 

1 JB 46 M no no yes -16 12 

2 JC 22 M yes yes yes 10 6 

3 RH 26 M no no yes l8 8 

4 AJ 30 F no no no 13 9 

5 JM 19 M yes yes yes ( 5 5 

6 JPi 33 M no yes yes 11 12 

7 JP 24 F yes yes yes 10 7 

8 RP 29 F yes yes yes 3 10 

9 JR 30 F yes no no 11 12 

10 OS 42 M no no no 11 1-2 

11 JBo 48 F no no yes 18 14 

12 JW 18 F yes yes yes 0 7 

13 MW 18 M yes yes yes 0 5 

14 SJ 22 M yes yes yes 9 9 

15 AP 20 F yes yes yes 11 6 

16 EF 21 M yes yes yes 6 7 

17 RS 28 M yes yes no 6 9 

18 BS 43 M yes yes yes 3 10 

19 SR 20 M no no yes 9 6 

20 VL 15 F yes yes yes 6 5 

21 TP 15 M no no no 12 7 

N=21 + 27.1-2.2 13 M 13 yes 13 yes 16 yes + 9. 0-l. 1 + 8.5-.6 
8 F · 8 no 8 no 5 no 

All values at child's initial visit 
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ENAMEL ETCH BIOPSIES IN VIVO: 119 OF CALCIUM BIOPSIED, 119 OF PHOSPHORUS BIOPS.IED, 

AND 119- OF ENAMEL BIOPSIED BASED ON CALCIUM AND PHOSPHORUS 

119 Calcium 119 Phosphorus 119 Enamel 119 Ename 1 
Patient BiOESied- BioEsied (Calcium) (PhosEhorus) 

1a 36.8 21.1 99.5 123.9 
lb 32.6 18.3 88.1 107.7 
1c 22.6 9.6 61 . 1 56.5 
ld 9.8 6.2 26.5 ' 36.5 
2a 12.5 6.9 33.8 40.6 
2b 18.6 10.2 50.3 59.9 

*2c 53.5 27.6 144.6 162.4 
2d 12.1 6. 1 32.7 36.0 
3a 11.8 5.4 31.6 31.8 
3b 10.6 5.'2 28.7 30.7 
3c 12.3 7.0 33.2 41.0 
3d 16.4 8.5 44.3 49.8 
4a 9.3 5.8 25.1 34.0 
4b 10.6 6.5 28.6 38.1 
4c 27.5 15.5 74.3 91.1 
4d 16.3 9.0 44.0 52.9 
5a 15.4 7.9 41.6 46.4 
5b- 39.4 20.4 106.5 ' ·120. 0 
5c 32.6 17.8 88.1 104.8 
5d 12.5 6.3 33.8 36.8 
6a 26.3 13.3 71 . 1 78.2 
.6b 18.4 9.3 49.7 54.8 
6c 12.1 7.0 32.7 41.3 
6d 6.7 8.9 18.1 52.5 
7a 13.3 6.0 36 .~0 35.1 
7b 14.1 8. 1 . 38.1 47.5 
7c 26.5 14.5 71~6 85.0 
7d 12.8 6.4 34.6 37.8 
8a 26.5 14.2 71.6 83.8 
8b 19.8 11 . 6 53.5 68.5 
Be 22.5 12.3 60.8 72.2 
8d 27.2 13.8 73.5 80.9 
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119 Ca 1 ci urn 119 Phosphorus 119·Enamel 119 Enamel 
Patient Bio~sie.d Bio~sied .{ Ca 1 ci urn) (Phos~horus) 

9a 17 01 8.9 46.2 52.3 
9b 25.2 9. 1 68.1 53.3 
9c 14.7 7.7 39.7 45.5 
9d 25.2 14. 1 68.1 82.7 

1 Oa 25.0 13.4 67.6 78.7 
lOb 13. 1 6.6 35.4 38.9 
lOc 12.9 6.9 34.9 40.4 
10d 7.8 3.6 21 . 1 21.0 
11 a 17.9 8.5 48.3 50.0 
11 b 23.2 11 . 3 62o7 66.5 
12a 9.6 4.8 26.0 '28.2 

12b 34.0 15.6 92.0 91.5 
13a 16.3 7.8 44.0 45.7 
13b 19.8 8.8 53.5 51.5 
14a 22.9 9.4 61.9 55.3 
14b 21.9 8.1 59.2 47.6 
14c 31.7 .11 . 7 85.7 68.8 
14d 19.7 7.0 53.2 41.2 
15a . 21.2 8.9 57.3 52.4 
15b 23.6 9.0 63.8 52.-9 
l6a 14.3 7.3 38~6 42.8 
16b 16. 1 8.3 43.5 49.0 
17a 15. 1 7.9 40.8 46.2 
17b 13.8 ' 6. 5 37.3 38.3 
18a 20.6 10.1 55.7 59.5 
18b 11.8 5.6 31.9 33-.0 
19a 35.3 12.7 95.4 74.7 
19b 12.2 3.9 33.0 22.9 
20c 24.5 11.8 66.2 69.3 
20d 30.2 14.1 81.6 83.1 
21c 13.8 5.3 37.3 31.2 
21d 17.9 7.2 48.4 42.4 
2a• 14.2 6.5 38.4 38.2 
2b 1 31.3 14.7 84.6 86.5 
2c• 22.9 9.4 61.9 55.3 
2d 1 30.5 12.8 82.4 75.3 
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TABLE 1..02 (cont.) 

llg Ca 1 c i.um -l-19 Phosphorus llg Enamel llg ·Enamel 
Patient Biopsied B.i ops i ed (Calcium) (Phosphorus) 

4a' 11 . 5 4.8 31 .1 28.2 
4b' 13.8 4.8. 37.3 28.2 
4c' 11 . 5 4.7 31 0 1 27.6 
4d' 17.3 6.3 46.8 37.1 
5a' 39.0 15.8 105.4 92.9 

*5b' 58.4 21.4 . 157.8 125.9 
5c' 17.4 10.4 47.0 61.2 
5.d. 21.1 - 9. 6 57.0 -56.5 
7a' 13.8 4.6 37.7 27.1 
7b' 9.8 4. 2. 26.5 24.7 
7c' 15.2 4.5 41. 1 26.5 
7d' 18.5 8.2 50.0 48.2 

*8a' 47.1 21.8 127.3 128.2 
8b' 22.9 11.8 61.9 69.4 
Be' 19.2 8.2 51.9 48.2 
8d' 7.8 3.0 21. l 17.6 
2a 11 10.2 4.-8 27.6 28.1 
2b 11 8.8 4.3 23.8 25.0 

# - Refers to the patient 
a - Enamel etch data before alginate impressions 
b - Enamel e-tch data after alginate impressions 
c - Enamel etch data before topical APF gel application 
d - Enamel etch data after topical.APF gel application 

*2c, 5b', 8a' ~These values although in agreement with the deEth of etch 
(i.e. deep biopsi.es) were not included in the X and SEM data 
because these three values are not in accordance with the· 

·other data and would therefore severely effect the X and·SEM. 
- Refers to a patient parti ci pati ng in this portion of the study for a second time . 

.. - Refers to a patient participat.i[lg·.·ln· this portion of .. the,study for a third time. 
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TABLE ID3 

TOTAL CALCIUM AND PHOSPHORUS BIOPSIEO FROM ENAMEL 

119 Calcium 1!9 PhosQhorus 

Before Alginate 19.0 + 1. a* N=24 9.0 + .8 N=24 - -
After Alginate 19.4 + 1.7 N=24 9.3 + .• 9 N=24 - '-
Before APF Gel 20.0 + 1 . 7 N=l7 9.7 + .9 N=l7 - -
After APF Gel 17.2. + 1. 8 N=l8 8.4 + .8 N=l8 - -

TOTAL ENAMEL BIOPSIED BASED ON CALCIUM AND PHOSPHORUS CONTENT 

119 Enamel (Calcium) · gg Enamel (PhosQhorus) 

Before Alginate 51.3 + 4.~ N=24 53.1 + 5.0 N=24 - -
After Alginate 52.4 + 4.6 N=24 54.4 ·+ 5.3 N=24 - -
Before APF Gel 54.0 + 4.6 N=l7 56.8 + 5.5 N=l7 - -
After APF Gel 46.5 + 4.7 N=l8 49.4 + 4.7 N=l8 - -

* X ~ SEM 
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TABLE 1D4 

ENA.MEL ETCH BIOPSIES IN VIVO; DEPTH OF ETCH AND FLUORIDE CONCENTRATION IN PPM 
BASED ON CALCIUM AND PHOSPHORUS 

Depth of Etch in ~m Fluoride PPM Fluoride PPM 
Patient Calcium. Phosphorus ( Ca 1 ci urn) (Phosphorus) 

la 8.3 10.4 2277 . 1829 

lb 7.4 9~0 2679 2191 
lc 5. 1 4.7 , 267 1370 
ld 2.2 3.1 6242 4532 
2a 2.8 3.4 3263 2717 
2b 4.2 5.0 3893 3269 

· *2c 12. 1 13.6 1951 1738 
2d 2.7 3.0 17,139 15,569 
3a 2.6 2.7 '. 1475 1465 
3b 2.4 2.6 3456 3231 

'**3c 2.8 3.4 12,696 10,280 
**3d 3.7 4·. 2 19,368 17,229 

4a 2.1 2.8 4582 3382 
4b 2.4 3.2 5082 3816 
4c 6.2 7.6 3826 3121. 
4d 3.7 4.4 14,603 12 '146 
5a 3.5 3.9 3751 3362 
5b 8.9 10.0 2790 2476 
5c 7.4 8.8 2936 2468 
5d 2.8 3. 1 14,229 13,068 
6a 6.0 6.5 . 1160 1055 
6b 4.2 4.6 1583 1436 
6c 2.7 3.5 6171 4886 
6d 1. 5 4.4 19,485 6718 

**7a 3.0 2.9 7268 7453 
**7b 3.2 4.0 6373' 5112 

7c 6.0 7.1 4023 3389 
7d 2.9 3.2 15,346 14,048 
8a 6.0 7.0 4418 3789 
8b 4.5 5.7 4850 3788 
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Depth of Etch in ~m Fluoride PPM Fluoride PPM 

Patient Calcium Phosphorus (Calcium) (Phosphorus) 

Be 5. 1 6.0 5955 5015 
8d 6.2 6.8 10 '6.15 9644 
9a 3.9 4.4 1564 1380 
9b 5.7 4.5 1532 1957 
9c 3.3 3.8 2175 1899 
9d 5.7 6.9 10,904 8979 

lOa 5.7 6. 6 .. 2871 2466 
lOb 3.0 3.3 6099 5550 
10c 2.9 3.4 4091 3535 

**10d 1. 8 1. 8 38,698 38,881 
**11a 4.1 4.2 795 770 
**11b -50 3 5.6 423 398' 

12a 2.2 2.4 1578 1454 
12b 7.7 7.7 1138 1144 
13a 3.7 3.8 1234 1188 
13b 4.5 4.3 831 864 
14a 5.2 4.6 1326 1485 
14b 5.0 4.0 1270 1580 
14c 7.2 5.8 1377 1715 
14d 4.5 3.5 17,518 22,62) 
15a 4.8 4!. 4 l105 1208 
15b 5.3 '4.4 1252 1510 
16a 3~2 3.6 1340 12"08 
16b 3.6 4. 1 2781 2469 
17a 3.4 3.9· 1813 1602 
17b 3.1 ·3. 2 2361 2300 
18a 4.7 5.0 1404 1314 
18b 2.7 2.8 1916 1852 
19a 8.0 6.3 1375 1756 -
19b 2.8 1. 9 1258 1812 
20c 5.5 5.8 1279 1221 
20d 6.8 7.0 8487 8335 
21c 3.1 2.6 1284 1535 
21d 4.1 3.6 3074 3509 
2a • 3.2 3.2 1346 1353 

**2b 1 7. 1 7.2 11 ,491 11,238 
2c• 5.2 4.6 2037 2280 
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Depth of Etch in ~m Fluortde PPM Fluoride PPM 

Patient Calcium 

2d' 6.9 
4a' 2.6 
4b' 3. 1 
4c' 2.6 
4d' 3.9 
5a' 8.8 

*5b' 13.2 
5c' 3.9 
5d' 4.8 
7a' 3. 1 
7b' 2.2 
7c' 3.4 
7d' 4.2 

*8a' 5.2 
8b' 5.2 
Be' 4.3 
8d' 1. 8 

**2a 11 2.3 
**2b 11 2.0 

*2c ,5b' ,Sa' 

**3c,3d,7a,2a 11 ,2b 11 

**10d,lla,llb,2b' 

Phosphorus (Calcium) (Phosphorus) 

6.3 7071 7738 
2.3 1981 2184 
2.4 3209 4245 
2.3 4124 4649 
3. 1 11,811 14,900 

7.8 2900 3291 
10.5 3-170 3973 

5.-1 2247 1725 
4:7 7687 7756 
2.3- 3118 4292 
2.1 3887 4170 
2.2 2185 3389 
4.0 11,346 1.1 '770 
5.8. 4254 3794 
5.8 4254 3794 
4.0 .2314 2492 
1. 5 8791 -10,540 
2.4 8.116 7972 
2.1 7975 7592 

Depth pf etch is far greater than other values and tends 
to bias the x·and SEM and therefore the depth of etch 

· is not included in the calculations·. 

Initial fluoride PPM control values are extraordinarily 
high and not representative .of other control values and 
therefore these values were not included in the X and 
SEM data. 

These fluoride PPM values are unrepresentative data 
and therefore were not included in the X and SEM calculations 

# - refers to the patient _ 
a - Uti~e data before alginate impressions 
b - Urine data after alginate impressions 
c - Urine data before topical F gel application 
d - Urine data after topical F gel application 

- Refers to a patient participating in this portion of the study for a second time 
11 

- Refers to a patient participating in this portion of the study for a :third time 



TABLE .I.D5 

DEPTH_ OF ETCH IN ENAMEL. (EXPRESSED IN ~m) 

Before Algi nate 
After Alginate 
Before APF 
After APF 
All Values 

*x :!: SEM 

4.6 
4.7 
4.8 
4.2 
4.6 

CALCIUM 
+ * - .4 N=24 
+ .4 · N=24 -
+ .4 N=l7 -
+ .4 N=l8 -
+ .2 N=83 -

PHOSPHORUS 
+ 4.7 -· .4 N=24 

4.8 + .5 N=24 -
5. 1 + .5 N=17 -
4.4 + . 4' N=l8 -
4.8 + .2 N=83 -

Depth of Etch: Calculated with 2.2 mm diameter cylinder and 
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any value greater th,an 11.0 ~m was not included in the. X and .SEM. 

FLUORIDE CONCENTRATION JN SURFACE ENAMEL (EXPRESSED IN PPM) 

CALCIUM PHOSPHORUS 
Before Alginate 2141 + 233* N=22 2046 + - - 210 N=-22 
After A 1 gi nate . 2823 + 32'1 N=21 2735 + - - 272 N=21 
Before APF 2897 + 377 N:=17 2731 + - - 302 N=17 
After APF 11,522 ! 1144 N=l6 10,742 + -1184- N=l6 

*X :!" SEM 



APPENDIX II 

CALCIUM, PHOSPHORUS AND FLUORIDE 

DESCRIPTION OF TECHNIQUES AND COMPUTATIONS 

Formulas and Sample Calculations for: 

A. Method of Analyzing and Calculating Total 
En a me 1 B i ops i ed Based on· .Phosphorus (Inc 1 udes 
preparation of standards and samples for 
ana 1 ys is). 

B. MSthod of Analyzing and Calculating Total' 
Enamel 'Biopsied Based on Calcium (Includes 
preparation of standards and samples f6r 
analysis).-

C. Fluoride Analysis After H~DS Diffusion. 

D. Method of Analyzing and Calculating Total 
Fluoride- Biopsied or Sampled (Enamel, Urine,, 
Saliva) {Includes preparation of standards 
and samples for analysis). 

E. Method of Calculating Depth of Etch in Enamel. 
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II A. Phosphorus Analysis 

A. Reference: Chen, P.S., Jr., et al: Analyt Chern 28: 1756-1758, 1956. 

B. Preparation of Standards and Samples 

1. Working reagent (make up daily) 

3 parts 
1 part 
1 part 

2. Standards 

2N Sulfuric acid 
2.5% Ammonium molybdate 
10% L-ascorbic acid 

To 1.00 ml of working reagent, add the following: 

Standard 1-11 of 1-11 of 
119 Phosphorus ( p) 1.25 mg% P Distilled water 

0 0 200 
0.25 20 180 
0.50 40 160 
1 . 25 100 100 
2.50 200 0 

3. Acid-etch enamel biopsies 

To 1.00 ml of working reagent, add 25 1-11 of sample and 
175 1-11 dfsti 11 ed wa-ter·. Mix well .. 

4. Incubate reagent blank, standards and samples at 37°C for 
45 minutes. After cooling, read absorbance at a wavelength 
of 820 nm. 

C. Calculations 

1. Construct a standard curve on linear graph paper by 
plotting 1-lg Phosphorus (P) against absorbance units -to check 
for linearity. A typical standard curve is shown on page 70. 

2. The 1-lg P of the unknowns can be determined directly from the 
graph of the standard- curve or by use of a programable calculator 
which can perform a linear regression analysis. 

3. The 1-19 P ·of each unkno~n were-contained in a 25 1-1l aliquot from 
the 225 1-1l origirial buffered acid-etch biopsy solution. Therefore, 
multiplying the 1-1g P of the unknown by 9 yields the total amount 
of phosphorus removed from the enamel. 
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4. The total amount of enamel biopsied was calculated based 
on the fact that mature human enamel contains 17% P by 
weight. Thus, if 17.0 ~ P were removed from the enamel 
by the exposure to acid, then 100.0 ll9 of enamel would 
have been removed (17.0 ~ P ~ 0.17). 

5. The total amount of enamel biopsied was used in the 
calculation of the enamel fluoride concentration. For 
examp 1 e, · if 100 ll9 of en a me 1 were bi ops i ed and the 
amount of associated fluoride was 1.00 ~g, then the enamel 
fluoride concentration was 10,000 ppm ( 1 ll9 F/100 ll9 enamel = 
10 ~g/mg = 10 mg/gm =. 10,000 mg/kg = 10,000 ppm). 
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II B. Calcium Analysis 

A. Atomic absorption spectrometry, Varian Model AA-175 .. 

B. Preparation of Standards and Sampl·es 

1. Standards 
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. Standards were prepared using ACS analytical ~rad~ Caco3 
dissolved in sufficient ( ~ 30 ml) 1 N HNO . The resulting 
solutions were diluted to 1000 ml using 20~0 ppm KCL so that 
standard solutions cohtaining calcium at 0.50 ~ 1.250 and 
2.500 ~g/ml were obtained~ The blank was prepared by adding 
1 N HN03 to 2000 ppm KCL. These standards .re~ufred _no further 
preparation prior to aspiration into the AAS. 

2. Acid:etch enamel biopsies 

To 5.00 ml of 2000 ppm KCL diluent, add 25 ~1 of sample. Mix well. 

3. Read 'standards and samples on AAS with a slit width of 0.5 ~m and 
at a wavelength of 422.7. 

C. Calculations 

1. Construct a standard curve on linear graph paper by plotting 
~g Calcium (Ca)/ml against absorbance units to check for linearity. 
A typical standard curve is shown on page 73 .. 

2. The ~g Ca/ml·at the AAS .of the unknowns can be determined directly 
from the graph of the standard curve or by use. of a programab 1 e 
calculator which can perform a linear regression analysis.· The 
total amount of calcium ( ~g) which was contain~d in the analyzed 
solution is obtained by multiplying the ~g Ca/ml at the AAS by 
5.025 ml. 

3. The ~g calcium of each unknown was contained in a 25 ~1 aliquot 
from the 225_ l}l original buffered acid-etch biopsy so] uti on. 
Therefore, mul·tiplying the·~g calcium of the unkn6wn by ~yields 
the total amount of calcium removed from enamel. 

4. The total amount of enamel biospied was calculated based on the 
fact that mature human enamel contains 37% calciu~ by weight. 
Thus, if 17.0 ~g of calcium were removed from the enamel by the 
exposure to acid,. then 46.0 ~g of enamel would have been removed 
(17.0 ~g; 0.37). 



5. The tot~l amount of enamel biopsied was used in the 
Galculation of the enam~l fluoride concentration. For 
example, if 46.0 119 of _enamel were biopsied and the 
amount of ass··9'ci ated fluoride was 0. 50- 1J9, ·then the 
enamel fl u_ortde concentration was 10,870 ppm ( 0. 50.119 ·F 1 
46.0 ll9 !=namel · = 10.87 119/m9 = 10,870 m9/k9 = ·1 0,870 ppm). 

7'2 
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II C. Fluoride Analysis After HMOS Diffusion* 

A. Reference: Taves, D.R.: Talanta 15: 1015-1023, ·1968. 

B. Preparation of Standards and Samples 

l. Standards 

74 

StandarQs were prepared by adding· the following amounts of 
aqueous s·odium fluoride standard to 2.0 ml distilled water in 
the diffusion dishes (Fa leon, nonwettab 1 e petri dish): 

Standard, nm F ~1 of 0.100 mM F Standard 

0.50 5 
1 . 00 10 
5.00 50 

2. Control saliva samples 

One m] of whole saliva was added to 1.0 ml of distilled 
water in the diffusion-dish. The expected concentration 
was 1 to 5 ~M which would yield l to 5 nano-moles of fluoride. 

3 .. Alkatine trapping solution and HMOS additioni· The base trap, 
50 ~1 of 0.05 N·NaOH, was placed in·five separate drops on the 
inside of the top half of the diffusion dish. The inside 
periphary of the lid was ringed with vaseline and sealed to the 
bottom. Two ml of 3.0 N H2so4_ saturated with hexamethyldisiloxane 
(HMOS, Eas tmqn Kodak Co .. ) were then added to the bottom by i nJecti. on 
through a small hole previously burned in the top half of the 
diffusion dish. The hole was immediately sealed with vaseline. 

4~ Diffusion and analysis 

The diffusion and trapping of fluoride of standards and samples, 
which begins with the addition of HMDS, continued fo-r at least 
18 hours~ The tops were then removed and 25 ~1 of 0.20 N acetic 
acid were add~d to the NaOH trap which adjusted the pH to 4.8. 
The fluoride iOn-specific electrode (Orion, model 94-09A) and 
calomel reference electrode, coupled to an Orion digital readout 
potentiometer, were -immersed for an.a.lys ts. 

* Control saliva samples were analyzed following overnight diffusion of 
fluoride into a small-volume of trapping solution because the low 
concentration of fluoride irt these samples apprgaches the limit of 
sensitivity of the ion-specific electrode_ (10 M). 
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C. Calculations 

1 . Construct a stand~ rd curve on semi-: 1 oga ri thnii c _--graph paper by 
plotting nm F against mV units to check for linearity. 

2. The nm F of the control saliva samples/can be determined ' 
directly-from the graph of the standard curve or by use of 
a programable calculator which can perform eith~r a linear 
or an exponential regression analysis .. 

3. The nm 6f F which were quantitatively (>98%) trapped during 
diffusion came "from a known vo 1 ume of sa 1 iva, usually 1 . 0 ml . 
The fluoride concentration of the original saliva was c~l.culated 
by dividing the nm of fluoride by the volume of saliva placed 
in the diffusion dish. For example', if 0.50' nm of F was found 
and the volume of saliva involved was 1~00 ml, then the fluortde 
concentration was 0.50 uM (nm/ml = uM). 

\. 
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II D. Fluoride Jl.nalysis After Buffering with TISAB* 

A. Reference: Fry, B.W. and Taves, D.R.: J Lab Clin Med 75: 1020-1025, 1'970. 

B. Preparation of Staridards and Sa~ples 

1. Standards fo~ ·acid-etch enamel biopsy samples were prepared by 
adding ACS analytical grade NaF to solutions composed of 8 parts 
TISAB and 1 part 0.5 N HCl04 so that the resulting- fluoride 
.concentrations were 0.010, 0.050 and 0.100 mM. Prepared in this 
way, the buffered standards required no further additions prior 
to electrode analysis. 

2. Aqueous fluoride standards for urine and whole saliva were prepared 
by adding ACS analytical grade NaF to doubly deionized and distilled 
water so that the resulting fluoride concentrations were 0.050~ 
0.100, 1.000 and 10.00 mM as follow$: 

Standard 

0.050 mM 
0.100 
1. 000 

10.00. 

Weight of NaF Added to 1 Liter 

2.100 mg 
4.200 

42.0 
420.0. 

3. Acid-etch enamel biopsy solutions, as well as the standards for 
these (see item 1 above), requited no further addition~ prior to 
electrode analysis because these were already contained in TISAB. 

4. Urine and saTiva samples, and the aqueous standards for these, 
were added to ·TISAB to adjust .the- i_oni c strength to a constant 
va 1 ue and the pH to 5. 10. Routinely, _25. 1-11 a 1 i quots of sample 
or standard were ~dded to 100· 111 of TISAB. The solutions were 
swirled to mix and _the ion~specific and calomel referen~e electrodes, 
coupled to an Orion digital readout potentiometer, were immersed 
for analysis. 

C. Calculations 

l. Construct a standard curve on semi- log art ~hmi.c graph paper by p 1 otti ng · 
mM Fluoride concentration against mV units tocheck for linearity. 
A typi ca 1 standard curve' is shown on page 78 .. 

*TISAB (Orion Research Inc.) Total Ionic Strength Acetate Buffer, was used 
in the analysis of urine, saliva (except control saliva samples) and acid
etch enamel biopsy samples. 
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2. The fluoride concentrations of the unknowns can be determined 
directly from the graph of the standard curve or by use of a 
programable calculator which can perform either· a linear or 
an exponential regression analysis. 
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II E. Depth of Enamel Etch Calculation 

A. Reference: Koulourides, N. and Walker, A.: Fluoride distribution 
in the facial surfaces of human maxillary central incisors. J of 
Oral Path, 8: 179-183, 1979. 

B. Formula: 

( ) Mass of enamel (~g) 
Depth of etch ~m == Density of enamel x Biopsy area (mm) 2 

C. Calculations: 

l. Constant values 

a. Density of enamel = 2.95 grams/cm3. This is equivalent 

to 2.95 (106 )~g/ (lo4~m) 3 . 

b. Diameter of the biopsy site = 2.2 mm 

c . A rea of b i o p s y = TI r 2 : . 3 . 14 ( l . l mm) 2 
= 3 . 80 mm 2 . 

2. Depth of etch formula simp 1 i fi ed: . Using the formu 1 a for depth 
of etch and plugging in the constant values, the formula can be 
reduced in the following manner. 

Depth of etch = Enamel sample (~g) 
2:95 g/cm3 x 3.80 mm2 

. Enamel sample (~g) 

2.95(106} ug x 3.8(103)2(um) 2 

(104)3 (um)3 l 

Enamel sample (~g) 

11.21 ~g/~m 

= 

~g 

=2 95·(·,·o6). f(·l··o4 ; ·) 3 3 ·s·r(=lo3 . . · • , . · ~ g \ · ~m. • x • Q ~ m 

Enamel sample (~g) 

2. 95 ugh.1m x 3. 8 
= 

3.. Example: say the weight of an enamel sample is 56.0~g;, then the 
depth of etch would be calculated as follows: 

56.:0 ~g - 5.0 urn 
11.21 ~g/ 11m 



APPENDIX III 

PILOT STUDIES 
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EXPERIMENTAL MATERIALS AND METHODS, RAH DATA, CALCULATED VALUES, 

MEAN (X) AND ~tANDARD. ERROR OF THE MEAN (SE~), RESULTS, DISCUSSION 

- AND CONCLUSIONS 

OUTLINE 

A. Pilot Study A: In. Vitro sampling of enamel before and after 
. alginate and APF gel. 

1. Materials and methods, results, discussion and conclusions. 

2. TABLE III A 1: In-Vitro Enamel Biopsy Experiment (Alginate 
vs APF Gel); ~g of Flubride Biopsied; ~g of Phosphorus 
Biopsied; ~g of Enamel and PPM Fluoride Concentration 
Ba~ed on Phosphoru~. 

B. Pilot Study B: In Vivo sampling of enamel to test reliability 
of method as it pertains to fluoride concentration. 

1. Materials and methods, results, discussion and conclusions. 

2. TABLE III B 1: Enamel Etch Biopsies In Vivo: ~9 of Calcium 
Biopsied; ~g of Phosphorus Biopsied; and ~g of Enamel 
Biopsied Based on Calcium and Phosphorus. 

3. TABLE III B 2: Enamel Etch Biop.sies In Vivo: Depth of Etch 
tn ~m and Fluoride Concentration in PPM-Based on Calcium and 
Phosphorus. 

C. Pilot Study C: In Vitro-sampling of enamel to test reliability 
of method as it pertains to fluoride concentration. 

1. ·Materials and methods, results, discussion and conclusions. 

2. TABLE III C 1: Enamel Etch Biopsies In Vitro: ~g of Calcium 
Biop~ied, ~g of Phosphorus Biopsied, and ~g of Enamel 
Biopsied Based.on Calcium and Phosphorus.· 

3. TABLE III C 2: Enamel Etch Biopsies In Vitro: Depth of 
Etch in 11m and Fluoride. Concentration in PPM Based on 
Ca1cium· and Phosphorus. 
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APPENDIX III (cont.) 

D. Pilot Study D: In Vitro enamel sampling before and after 
exposure to two different brands of alginate. 
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1. Materials and methods, results, discussion and conclusions. 

2. TABLE JII D 1: Enamel Etch Biopsies In Vitro: ~g of 
Calcium Biopsied, ~g of Phosphorus Biopsied, and ~g of 
Enamel Biopsied·Based on Calcium and- Phosphorus. 

3. TABLE III D 2: Enamel Etch Biopsies In Vitro: Depth of 
Etch in ~m and Fluoride Concentration in PPM Based on 
Calcium and Phosphorus. 

4. TABLE III D 3: X and SEM for TABLE III D 1 and III D 2. 



PILOT STUDY A: In Vitro sampling of enamel before and after alginate 
and APF gel: 
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Based on the fact that alginate contains such high concentrations 

of fluoride, this in vitro study was designed to determine whether 

there was uptake of fluoride by enamel following exposure to alginate 

and to compare the results_to enamel fluoride uptake following APF gel. 

Six extracted permanent teeth ( 4 maxillary central incisors, 1 maxillary 

later:al incisor and 1 maxillary canine) with no evidence of caries or 

restorations were studied. The_ teeth were thoroughly cleaned and dried. 

C6ntrol acid-etch biopsie~:were obtairied from the facial aspect of each 

tooth. The right or left central portion of the facial ~namel was 

randomly choosen as a control site and the other as the experimental site. 

(See diagram accompanyi[lg TAB.LE III A 1). The biopsy technique and analyses 

were performed exactly as previously described (Materials and.Methods and 

Appendix II). After obtainirig the. central enamel samples, thtee teeth· were 
. * submerged in freshly mixed alginate (Supergel 24;250 ppm .fluoride) for 

five minutes, and the remaining three teeth were submerged in APF gel 

( Luri de 12,30.0 ppm fluori d_e) for five minutes. The teeth were then 

removed from the alginat~ and placed under running tap water for one 

minute. A second enamel biopsy was then obtained from each tooth after 

drying. 

The results are shown in TABLE III A. 1. .Based on phosphorus, the· 

mean enamel fluoride concentrations before and after a 1 gi nate were 7,555 
+ + - 1735 and 6195 - 115 ppm respectively, a slight statistically nonsigni-

ficant decrease. The before and after APF gel mean enamel fluoride 

* This value represents the dry powder fl uori·de concentration. Upon 
addition of water, as speci.fi ed by the manl:Jfacturer, the concentrat,i on 
would be roughly one third of the dry powder concentration. 
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+ + concentrations were 3,262 - 660 and 13,990 - 5,435 ppm, respectively. 

The mean enamel fluoride concentration after APF gel was statist~cally 

significant only at the .10 level. 

Due to the small number of teeth involved, and the large range 

of values after APF gel application,- it __ was not possible to sho~ 

statistically significance at the p < .05 level. However, the trend 

was obvious, with the 1 east amount of increase in e-name 1 fluoride 

concentration following APF gel in any one tooth being 5,102 ppm. 

Also because of the small number of teeth used in this study, 

it could not be stated conclusively that alginate ~d-id not _increase 

enamel fluoride concentrations. Compared to APF gel, however, the 

a 1 gi nate as used in this study showed 1 i ttl e promise as an· effective 

agent for increasing enamel fluoride concentrations. 
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TABLE I I I A 1 

PILOT STUDY A: In Vitro Enamel Biopsy-Experiment (Alginate vs APF. Gel); 11g of 
Fluoride Biopsied; 11g of Phosphorus Biopsied; 11g of Enamel Biopsied and · 
ppm Fluoride Concentration Based on Phosphorus. 

I 

119 Fluoride 11g Phosphorus 11g Enamel Fluoride 
Sam~le Bio~sied Bio~sied · (Phosj2horus} Concentration ~2m 

la .218 ·5. 20 30.6 7124· 
lb .283 7. 75. 45.6 6206 
2a . 124 4.40 25.9 4788 
2b . 177 4.71 27.7 6390 
3a .200 3.'16 18.6 1 0·,753 
3b . 212 6.02 35.4 5989 
4a . 141 6.63 39.0 3615 
4c .318 5.64 33.2 9578 
5a .106 3.77 22.2 4775 
5c . 913 6.26 36.8 24 ;;810 
6a . 118 8.06 47.4 2489 
6c .230 5.15 30.3 7591 

# - refers to tooth number 
a-- refers to control -enamel etch b·iopsy before treatment 
b -·refers to enamel etch biopsy after 5 minute exposure to alginate 

(Supergel; 24,250 ppm Fluoride) 
c - refers to enam~l etch biopsy ~fter 5 miriute exposure to APF ~el 

(Luride 12,300 ppm fluoride) 
Sample - 6 extracted teeth 

a - Location of etch before 
treatment with either alginate 
or APF gel. 

b or c - Location of etch after 5 
. minute treatment with either 

alginate or APF gel. · 



PILOT STUDY B: In vivo sampling of enamel to test rel iabi 1 ity of 
the acid etch biopsy technique as it pertains to 
fluoride concentration. 

Because of the wide ra~ge of enamel fluoride concentrations 

r_eported by different investigators and because of the· results of 

Pilot Study A, this in vivo ptlot study was designed to test the 

reliability of the acid-etch enamel biopsy method. It is known 

that fluoride concentrations vary with location ana depth within 

teeth~8 , 39 and. also that if location and depth within si.niilar teeth 

of the same individual are closely replicafed, then fluoride con

centrations will be similar. 38 ' 40 

This study involved 3 male volunteers, each 9 years of age, who 

exhibited clinically erupted,caries-free maxillary central incisors. 
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From the 3 voluntee_rs a total of 6 maxillary central incisors were 

available for study. The teeth were thoroughly cleaned using ·.a -t,oothbrush 

and water and theri isolated with cotton rolls and d~ied. A total of 

two enamel biopsies were obtained from the facial aspect of each tooth 
, •• ~ ' _J 

(4 biops~es per child) at the same occluso~gingival height (see di~gram 

accompany; ng· TABLE I I I B 1). The biopsies were analyzed for fluoride 

using the methods and calculations previously described (Materials and 

Methods and.Appendix II) and the data subjected to statistical analysis 

of variance and paired t-testing. 

The results are shown in TABLES 'III B 1 and III B 2. One of the 

biopsy samples was lost prior to fluoride analysis and therefore the 

tooth was eliminated from the study. Based on phosphorus, the largest 
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variation in enamel ~luoride concentration within one subject (RH) 

was 674 ppm. This value also represents the largest difference within

a single tooth. Analysis of variance showed no significant differences 

in enamel fluoride concentration either within individuals or among 

individual subjects. Paired t-testing of enamel biopsies within 

the same tooth showed ~o statistically significant differences . 

. Based on the results- of this limited study, it appeared that the 

acid-etch enamel biopsy technique was an acceptable method for estimating 

enamel fluoride concentration. The results were in close agreement with 

recent data submitted by Schamschula, et a1 50 as discussed previously. 

They also compared the mechariical grinding biopsy technique to the acid 

etch biopsy technique used in this study and found the acid etch tech- · 

nique to be superior to the mechanical grinding techniqu~. 
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TABLE III B 1 

PILOT STUDY B (Re1 iabil i"ty Test): Enamel Et~h Biopsies In Vivo; ~g of 
Calcium Biopsied, ~g of Phosphorus Biopsied, and ~g of Enamel Biopsied 
Based on Calcium and Phosphorus. 

~g _Calciurn ~g Phosphorus pg Enamel ~g Enamel 
Patient Biopsied Biopsied (Calcium) (Phosphorus) 

TJ-Etch 1 28.8 17.3 77.:8 101 .6 
TJ-Etch 2 26.8 14.6 72.4 86.1 
T J-Etch 3 35.1 19.8 94.9 116.4 
TJ-Etch 4 70.7 45.4 191 . 0 266.8 
EF-Etch 1 27.8 15.4 75.0 90.6 
EF-Etch 2 . 34.3 20.1 92.8 118.5 
EF-Etch 3 36.1 21.2 97.7 124.7 
EF-Etch 4 24.9 16.9 67.3 99.5 
RH-Etch 1 24.8 13.7 67.0 80.4 
RH-Etch 2 33.5. 19.5 90.5 114.6 
RH-:-Etch 3 50.9 23.2 137.7 136.2 
RH-Etch 4 49.8 32.0 134.6 188.1 

N = 12 
+ . . + 

37.0- 4.0 . 2.1.6- 2.6 
+ . . . + 

99.9 - 10.7 126.9 - 15.1 

Sample: 3 male volunteers (Age 9); 6 permanent maxillary central i:ncisors 



TABLE III B 2 

PILOT STUDY B (Reliability Test): Enamel Etch Biopsies In .Vivo; Depth 
of Etch in ~m and Fluoride Concentration in PPM Ba~ed on Calcium and 
Phosphorus. 

Depth of Etch in ~m Fluoride PPM Fluoride PPM 
Patient Calcium Phos~horus { Ca 1 ciuin) ( P-hos~horus} 

T J-Etch 1 6.9 9. 1 1237 . 947 
TJ-Etch 2 6.5 7.7 1511 1271 
TJ-Etch 3 8.5 10.4 1162 948 
TJ-Etch 4 *17.0 *23.8 1636 1171 
.EF-Etch 1 6.7 8.1 1944 1609 
EF-Etch 2 8.3 .1 0. 6 2.290 1793 
EF-Etch 3 8.7 11 . 1 . 2503 1961 
EF-Etch 4 6.0 8.9 .3253 ·. 2200 
RH-£tch 1 6.0 7.2 . 2546 2122 
RH-Etch 2 8.1 10.2 1833 1448 

*RH-Etch 3 *12.3 *12 .1 
*RH-Etch 4 *12.0 *16.8 790 566 

N = 12 
+ . 

7. 3 - . 36 9.26 ~ .46 1992 ~ 208 1547 ~ 147 
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* - These values represent ~xcessive depth of etch and are not included 
in the X and SEM calcu1~tions~ 

*RH- Enamel biopsy sample was lost prior to fluoride analysis and therefore. 
this tooth (2 etches) was eliminated from the study. 

FLUORIDE CONCENTRATION IN SURFACE ENAMEL (EXPRESSED IN PPM) 

CALCIUM PHOSPHORUS 
TJ 1 - TJ 4 *1387 ~ 112 N = 4 1084 .~ 82 N = 4 
EF 1 - EF 4 2498 ~ 277 N ·= 4 1891 : 126 N = 4 
RH 1 - RH 2 2190 :t 357 N = 2 1785 :t 337 N = 2 
A1.1 Values 1992 ~ 208 N = 10 1547 : 147 N = 10 

* X :t SEM 



PILOT STUDY C: In _vitro sampling of enamel to test reliability of the 
acid etch biopsy technique as it pertains to fluoride 
concentration. 
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This study was also_:designed to test the reliability of the acid 

etch method of enamel biopsy in estimating surface ~namel fluoride 

concentration .. The study was done in _vitro· with a: sample that included 

five extracted nonca,rious, nonrestored maxillary central incisors. Each 

tooth was thoroughly cleaned by toothbrushing, and dried prior to obtaining . 

. the enamel biopsies. Four biopsi~s we~e obtained from the facial enamel 

of ·each tooth, two from the cervi ca 1 region and two from· the region of the 

junction of incisal and middle thirds (See diagram accomp~nying TABLE III C 1). 

The biopsies were analyz~d for fluoride using· the methods and calculations· 

previously described (Materials and Methods and in Appendix II) and th~ 

data were subjected to statistical analysis ~sing the paired t-test. 

The results of this study .are shown in TABLES III C 1 and C 2. Based 

on calcium,·the largest difference in ppm fluo~ide in paired biopsies was· 

966 ppm and the mean of the differences was 452 ppm. Based on phosphorus, 

the largest difference _in ppm fluoride in paired biopsies was 799 ppm and 

the mea,n of the differences was 346 ppm.· None of the differences were 

statistically significant. 

This study supports the acid etch biopsy method of enamel sampling 

as being a reliable means of estimating enam~l fluoride concentration. 
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TABLE III C 1 

PILOT STUDY C (Reliability Test): Ename-l Etch Biopsies In Vitro.; 
~g of Calci~m Biopsied, ~g of Phosphorus Biopsied, and ~g of Enamel 
Biopsied Based on Calci.um and Phosphorus. 

Tooth 

la 
lb 
lc 
ld 
2a 

2b 

2c 

2d 

3a 

3b 

3c 

3d 

4a 
*4b 
4c 
4d 
5a 

5b 

5c 
5d 

~g Calcium 
Biopsied 

30.6 

15.3 

26. 1 

19.5 

34.1 

26.1 

l2o7 

18.4 

24.3 

17.8 

15.9 

29.1 

22.8 

23.1 

13. 9.-

18.8 

21.7 

20.6 

36.9 

23.2 

+ N = 20 22.5- 1.5 

~g Phosphorus 
Biopsied 

15.9 
8.6 

14.6 

TO.O 
18.3 

13.7 

7.0 

1 0 .. 5 

14.2 

9.7 

8.2 

16.5 

12.7 

* 4.0 
6.6 

11.0 

12. 1 

11.0 

18.8 

12. 1 

12.2' ~ .8 

# - Refers to tooth number. 

~g Enamel 
(Calcium) 

82 ._8 

41.3 

70.6 

52.8 
'•92. 1 

70.4 

34.3 

49.8 

65.5 

48.1 

43.0 

78.7 

61.7 

62.4 

37.7 
50.9 

58.5 

55.8 

99.8 

62.8 

+ 61.0- 4.0 

a- Enamel etch at location a (see figure at right). 
b - Enamel etch at location b (see figure at right)~ 
c ·- EnQmel etch at location c (see figure at-right). 
d - Enamel etch at location d (see figure at right) . 

*4b - ~g phosphorus and ~g enamel based un phosphorus 
are not reliable d~ta and are therefore not 
included in the ~ - SEM. 

~g Enamel 
(Phosphorus) 

93.5 

50.8 

85.7 

58.5 

107 .. 9 
80.6' 

41 . 1 

61.7 

83.4 

57.2 

48.1 

97.0 

74.5 

*23.8 

38.9 
64.5 

71.2 
64.7 . 

110.5 

70.9 

71.6~4.8 

. f;i\ 
0 0 
0- b 
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·TABLE III C 2 

PILOT STUDY C (Reliability Test): Enamel Etch Biopsies In Vitro; Depth 
of Etch in ~m and Fluoride Concentration in PPM Based on Calcium and 
Phosphorus. 

Depth of Etch in. ~m PPM Fluoride PPM Fluoride 
Tooth Ca lei urn PhosEhorus (Calcium~ (PhosQhorus) 

la 7.4 8.3 413 366 
lb 3.7 4.5 1087 884 
lc 6.3 7.6 575 474 
ld 4.7 5.2 591 533 

·2a 8.2 9.6 771 658' 
2b 6.3 7.2 613 536 
2c 3. 1 3.7 1246 1042 
2d 4.4 5.5 1399 1129 
3a 5.8 7.4 1012 795 

t3b 4.3 5. 1 889 734 
3d 7.0 8.7 717 581 
4a 5.5 6.6 1025 849 

*4b 5.6 *2. 1 959 *2521 
. 4c 3.4 3.5 3107 3012 

4d 4.5 5.8 4073 3212 
5a 5.2 6.4 1571 1291 
5b 5.0 5.8 942 814 
5c 8.9 9.9 561 507 
5d 5.6 6.3 1470 1301 

t3c 3.8 4.3 1541 1380 
+ N = 20 5.4 - .4 6.4 ~ .4 *See following page. 

# - Refers to tooth number 
a - Enamel etch at lbcation a (see figure at right). 
b - Enamel etch at location b (see figure at right). 
c - Enamel etch at location t (see figure at right). 
d - Enamel etch at location d (see figure at right). 

*4b - Depth of etch and ppm fluoride based on 
phosphorus are not reliable data and are 
therefore not included in statJstical analysis. 
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TABLE III C 2 (cont.) 

FLUORIDE CONCENTRATION IN SURFACE ENAMEL (EXPRESSED IN PPM) 

CALCIUM PHOSPHORUS 

Center 928 ! 97 770 ~ 85 
(Etches a & b) N = 10 N = 9 

Gingival 1528 ! 372 1317 ! 318 
(Etches c & d) N = 10· N = 10 



PILOT STUDY D: In Vitro enamel sampling before and after exposure to 
two different brands of alginate. 
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The fluoride concentration in alginate can vary substantially depending on 

the brand of alginate selected. 28 ,29 Also, the availability of fluoride 

from different alginates may differ significantly. This study was designed 

to test the effects two different brands of alginate might have on uptake 

of fluoride by enamel. 

Eight extracted noncarious, nonrestored maxillary central incisors 

were cleaned and dried and control acid etc~ biopsies were obtained from 

the facial aspect of each tooth. The mesial or distal portion of the 
\ 

facial enamel was randomly·selected as the control site and the other 

as the experimental site (see diagram accompanying TABLE III D 1). The 

biopsy technique and analyses were performed exa~tly as previously described 

(Materials and Methods and Appendix II); After obtaining the control 

enamel samples, f&ur teeth were submerged in freshly mixed:brand A alginate 

(Superg.el, 24,250 ppm f~uoride)*for fi(ve minutes. The remaining four teeth 

were submerged in freshly mixed brand B alginate (Unitex, f~st-set, 16,000 

ppm fluoride)*for five minutes. All teeth were removed from the two brands 

of alginate and a second enamel biopsy·was obtained from each tooth. These 

teeth were not rinsed following removal from the alginate. Student•s 

t-test was used to test for significance between the two test· products. 

The results from this study are shown in TABLES III D 2, III D 3 and 

III D 4. The results based on calcium and phosphorus were very similar 

and therefore only the phosphorus data will be presented in the results.' 

Bas~d on phosphorus, the mean total enamel biopsied in the brand A 
+. ' 

alginate (Supergei) treated teeth was 65.6- 7.7 ~g and for the brand B 

alginate (Unitex) treated teeth it was 60.5 ! 8~5 ~g. The mean dep~h of 

* These va 1 ues· represent the dry powder fluoride concentrations. Upon 
addition of water, as specified by the manufacturer, the concentrations 
would be roughly one third of the dry powder concentrations. 
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etch for group A and B was 5.8 ~ .7 and 5.4 ~ .8 ~m respectively. 

There was no statistically significant difference between these values. 

The mean enamel fluoride concentration before and after treatment with 
. + + brand A alginate was 623 - 100 and 1327 ~ 94 ppm respectively. The mean 

value before brand B alginate was 1276 ~ 188 ppm and after treatment was 
+ 3586 - 1703 ppm. Combining both groups, the before and after mean enamel 

fluoride. con centra ti ons . were. 949 ! 158 and 2 ,457 ':!: 897 pp~. The· brand A 

treated teeth, and the combined data showed statistical significance to at 

leasi the p <.lO.level.· .The before and after Supergel teeth (brand A) 

-showed the greatest deg~ee rif statistical significance (p <.01). _ 

The brand B teeth approached but did not reach statistical significance 

{p<.lO). 

The depths of etch and ppm flu6ride concentrations of enamel based 

on both calcium and phosphorus resulted in similar findings throughout 

this entire project. Both calcium and phosphorus are satisfactory for 

calculating depth of etFh and enamel fluoride concentration and closely 

correlated with each other in the major study and all the pilot studies 

where both were analyzed. The theory and discussion of these topics has 

been previously discussed in the text of this paper. 

The use of brand A alginate ·resulted in a mean increase of· approximately 

700 ppm fluoride in the surface enamel While brand B resulted in an average 

increase of 2300 ppm fluoride. However, due to the differences in standard 

errors, brand A alginate resulted in an average increase which was 

statistically significant at the p <.01 level while brand B did not quite 

result in a statistically significant increase although it closely 

approached the p <.10 level. 
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The results of this pilot study indicated that alginate is capable 

of increasing enamel fltioride concentrations signif~cantly and that ther~ 

are differences in that capability depending on which brand of alginate 

is used. The increases in enamel fluoride concentrations in these test 

teeth after exposure to alginate ·were much greater than that reported in 

either the core research project or in pilot study A. ·A probable 

explanation for this fact is that the teeth in this study were not 

rinsed off or exposed to saliva following tre~tment with alginate. In 

pilot study A, the teeth were rinsed with tap water for one minut~ and 

in the major study, the enamel biripsie~ were obtained 15 minutes after 

the alginate exposur~ during which time the teeth were ex~osed to the 

rinsing action of sa 1 iva.· Although the· teeth in this pi 1 ot study showed 

significant fncreases in enamel fluoride concentrations after exposure 
: 7 

to alginate, a finding in agreement with that of Hattab and Frostell ) 

the increase in concentration did not approach the values reported earlier 

for teeth exposed to APF gel. Under these optimal test conditions. 

(no rinsing) both brands of alginate increased enamel fluoride and 

there seemed to be a slight difference in the capability of the two 

different brands of alginate in increasing enamel fluoride concentrations 

with the greatest incre~se occuring with the prod~ct with the lowest 

fluo.ride conc-entration. This result cannot be explained but may have 

been due to formulation differences, apart from fluoride, between the 

two products. 



TABLE III D 1 

-PILOT STUDY D (Supergel vs Unitex): Enamel Etch Biopsies In Vitro; 
ug of Calcium Biopsied, ug of Phos~horus Biopsied, and ug of Enamel 
Biopsied Based on Calcium and Phosphorus. 

ug Calcium 11g Phosphorus 
Tooth Biopsied Biopsied 

la 24.8 14.0 
lb 23.0 13.0 
2a 26.5 15.1 
2b 13.9 7.5 
3a 21.9 13.0 
3b 12.0 6.3 
4a 13.9 6.5 

*4b ' 13.9 
5c 19.8 10.0 
5d 20.2 I 10.3 
6c 31.0 15.9 
6d 18.0 8.9 
7c 27.8 14.6 
7d 10.4 5.1 
Be 10.3 4.8 
8d 25.,3 12.7 

N = 16 + 19.9- 1.7. + 10.7- .9 

# - Refers to tooth number. 
a - Enamel etch before supergel brand 

alginate application 
b - Enamel etch ~fter supergel brand 

alginate application · 
c - Enamel etch before Unitex 11 fast set 11 

b~and of alginate ~ppljcation 
d - Enamel etch after Unitex""- 11 fast set .. · 

_brand of alginate application 

*4b ~ Prepared sample for calcium·reading was 
not recorded for this particular enamel 
etch sample. 

ug Enamel 11g Enamel 
· ( Ca 1 ci urn) (_Phosphorus) 

67.0 82.1 
62.1 76.2 
71.5 88.9 
37.5 43.9 
59.2 76.5 
32 .4· 37.2 

·37.5 38.4 
81.5 

53.6 59.1 
54.7 60.4 
83.8 93.8 
48.5 52.2 
75.1 85.8 
28.1 29.7 
27.9 28.1 
68.3 74.7 

'+ 53.8 - 4.6 + 63.0 - 5.6 
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TABLE III D 2 

PILOT STUDY D (Supergel vs Unitex): Enamel Etch Biopsies In Vitro: 
Depth of Etch in ~m and Fluoride concentration in PPM Based on 
Calcium and Phosphorus. 

Tooth 

la 
lb 
2a 
2b 
3a 
3b 
4a 

*4b 
5c 
5d 
6c 
6d 
7c 
7d 
Be 
Bd 

Depth of Etch in ~m 
Calcium Phosphorus 

6.0 
5.5 . 

6.4 
3.3 
5.3 
2.9 
3 .. 3 

4 .• 8 

4.9 
7.5 
4.3 
6.7 
2.5 
2.5 
6.1 

7.3 
6.8 
7.9 
3.9 
6.8 
3.3 
3.4 
7.3 

-5.3 
5.4 
8.4 
4.7 
7.7 
2.6 
2.-5 
6.7 

PPM Fluoride 
( Ca lei urn) 

823 
1790 
616 

1402 
571 

1306 
809 

1133 
3017 
1214 
1983 
2095 
9098 
1165 
1277 

PPM Fluoride 
(Phosphorus) 

671 
1459 

495 
1197 
442 

1138 
885 

1515 
1028 
2731 
1085 
1842 
1833 
8603 
1156 
1168 

. 97 

N = 16 4.8 !' .4 + 5.6 - .5 + + Before 1053 +.172 Before 949 + 158 
After 2839 -1068 After 2457 - 897 

# - Refers to tooth number 
a - Enamel etch before Superge1 brand alginate application 
b -·Enamel etch after Supergel brand alginate application 
c - Enamel etch before Unitex 11 fast set 11 brand of alginate application 
d - Enamel etch after Unitex 11 fast set 11 brand of alginate application 

*4b - Prepared samp 1 e for ca 1 c i urn reading not recorded therefor·e depth 
of etch and ppm fluoride could not be calculated for this enamel 
sample: based on calcium. 



TABLE III D 3 

X and SEM for TABLE III D 1 and III D 2 

Superge1 

Unitex 

Both 

Superge1 

Unitex 

Both 

Before Superge1 

After Superge1 

Before Unitex 

After Unitex 

Before Both 

After Both 

TOTAL ENAMEL BIOPSIED (~g) 

Calcium 
+ 52o5- 6ol N = 7 
+ 55o0 - 7o2 .N = 8 
+ 53 o 8 - 4 o 6 · N = 15 

DEPTH OF ETCH: (in ~m) 

Calcium 
4o7 ~ .6 N = 7 

4o9 ~ o6 N = 8 

4o8 ~ '. 4 N = 15 

PPM FLUORIDE 

Calcium 
705 ~ 65 N = 4 

1499 ~ 148 N = 3 

1402 ! 232 N = 4 

3844 !1787 N = 4 

1053 ! 172 N = 8 

2839 !1068 N = 7 

Phosphorus 
+ 65.5- 7o7 N = 8 
+ 60.5 - 8o5 
+ 63o0 - 5o6 

Phosphorus 
5o8 ~ o7 

5o4 ~ .8 

5o6 ~ o5 

Phosphorus 
623 + 100 -

1327 + 94 -
. 1276 + 188 -

3586 ! 1703 

949 + 158 -

'2457 + 897 -

N = 8 

N = 16 

N = 8 

N = 8 

N = 16 

N = 4 

N = 4 

N = 4 

N = 4 

N = 8 

N = 8 
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APPENDIX IV 

A. Letter of Approval from the Human Assurance Committee. 

B. Informed Consent Form. 
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Medical College of Georgia 
Augusta, Georgia 30901 

E .. Joseph IeCorrpte, D.D.S. 
School of Dentistry -
M=dical· College of Georgia 
Augusta, GA 30912 

Office of the Provost 

May 29, 1979 

RE: Project Title - "Biologic Availability of Fluroide Foll<=Ming 
Topical Application" 

Approval Date - May 28, 1979 

Dear Dr. LeCOmpte: 

The Hmnan Assurance Cc;mmittee has .reviewed and approved 
the above referenced subject in accordance with the DHEW policy and 
the institutional assurance on file with the DHEW. (DHEW Assurance G0151) 

TAH/rbc 

Sincerely, 

Thomas A. Huff, M.D. 
Chairman 
Human Assurance Conmittee 

~ 
.-.::.--~ .. -~ 

\ ,, -------



INFORMED CONSENT 

Principal Investigator: E. Joseph LeCompte, DDS 
Departm~nt of Pedodontics 
School of Dentistry 
Medical College of Georgia 
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Project: Biologic Availability of Fluoride Following Topical Application 

I voluntarily consent for my child, 
~~~------~~--~--~~-----to participate in a study ·to determine the amount of fluoride in the enamel, 

urine and saliva following routine clinical procedures using fluoride 
containing products. I will collect urine samples, measure and record 
their volume and save small samples for fluoride analysis. I understand 
that the enamel and saliva samples will be collected during my child's 
dental visit. · 

I understand that the effects of ingesting excess fluoride include nausea, 
vomiting, dizziness, excess salivation, diarrhea, itchiness of the skin, 
and low blood pressure. However, I also understand that the quantities of 
fluoride my child will be exposed to are found in normal topical fluoride 
applications or alginate impression materials routinely used by dentists 
and that they are considered safe. I understand that they have been used 
in other studies with no reports of illness or discomfort. 

The nature of this study has been fully explained to me by Dr. LeCompte. 
I have had the opportunity to ask questions concerning the st~dy .. All of 
my questions have been answered to my full and complete satisfaction. 

I understand that I may at any time during the course of this study revoke 
my consent and withdraw my child from the study without prejudice. 

The undersigned hereby verifies that he/she is the natural parent and/or 
legal guardian of and as such has legal 
authority to consent to the study outlined above. 

Subject's Signature Date 

Parent or Guardian's Signature 

Principal Investigator 

Witness Signature 
I 
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