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The period of six to fourteen weeks marks the
beginning of the coordination of various simple ac-
tion systems in the infant. The hand is now some-
thing to be seen, moved about, brought to the mouth
and sucked. Thus two major action systems are
thrown together. Another coordination to be found
during this period is a link between hearing and
looking. Things heard begin to be things to look
at as well as to listen to. While the newborn does
not reqularly turn to the source of the sound, the
baby of this period will routinely do so.

In this period also, the first signs of positive
emotional expression are found with the onset of
social smiling. By the end of this phase, regular
smiling to another person should be a common
experience in the child’s daily life.

Burton L. White
1975

BUT WHAT AM I?
AN INFANT CRYING IN THE NIGHT:
AN INFANT CRYING FOR THE LIGHT:
AND WITH NO LANGUAGE BUT A CRY.
—Alfred, Lord Tennyson

MOVEMENT
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The period of six to fourteen weeks
marks the linking of various simple action
systems. During this period, the baby be-
gins noticing the environment and begins
to master simple skills. Art and design by
Sharlene Nowak-Stellmach.
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Continued improvements in dental materials and introduction of new
materials recently have prompted renewed interest in tunnel-type prep-
arations.

Disturbed eruption of the permanent lower second molar: treatment
and results
Boel Wellfelt, DDS; Mirja Varpio, DDS
There is no panacea for treating retained lower second molars, judging
by the multitude of treatment modes applied.
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one-year follow-up
Goran Dahllof DDS, PhD; Thomas Modéer, DDS, PhD; Per Bolme, MD,
PhD; Olle Ringdén, MD, PhD; Anders Heimdahl, DDS, PhD
Interest has now become focused not only on the successful treatment of
the disease, but also on the long-term side effects and treatment-related
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A scanning electron microscopic study of enamel surfaces treated with
topical fluoride agents in vivo
Faiez N. Hattab, BDS, PhD; Stephen H.Y. Wei, DDS, MS, MDS; Daniel
C.N. Chan, DMD, MS
The aim of this study was to examine the morphological changes in
human enamel treated with different topical F agents in vivo.

A clinical investigation of a high-level fluoride dentifrice

Helmi R. Fogels, DMD; John J. Meade, DMD; John Griffith, MS; Robert

Miragliuolo, MS; Lewis P. Cancro, MS
The study objective was to determine whether a 1500 ppm F silica gel
dentifrice could provide more effective caries protection than a commer-
cially available 1000 ppm F dentifrice.
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H. Barry Waldman, DDS, MPH, PhD
By the end of the 1970s, the future of pediatric dentistry looked ominous.
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The effects of nitrous oxide on anxious young pediatric patients across
sequential visits: a double-blind study
John E. Nathan, DDS, MDS; Larry L. Venham, DDS, MS, PhD; M. Stewart
West, PhD; Jack Werboff PhD
It was possible to assess not only the immediate effect of nitrous oxide on
children’s responses to specific treatment visits, but also its impact on the
emergence of coping skills across sequential visits.

The role of coping in children’s adjustment to the dental visit
Sandra L. Curry, PhD; Sandra W. Fuss, PhD; David C. Johnsen, DDS, MS;
Theodore A. DiSantis, DDS
The concept of coping has far-reaching implications for the pediatric
dentist.
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For the busy reader

Glass ionomer-silver cermet class II tunnel-restora-
tion for primary molars—page 177

An ideal restorative material for use in tunnel prepara-
tions would be injectable, radiopaque, and fast-setting
and insoluble in oral fluids after hardening. It would
bond to tooth structure, be biocompatible with the den-
tal pulp, and have negligible shrinkage or expansion
during the hardening reaction. It should increase the
resistance of adjacent tooth structure to caries by leach-
ing of fluoride ions; expand similar to dentin and
enamel; and be resistant to masticatory abrasion. Ketac-
Silver looks like such an ideal material.

Requests for reprints should be directed to Dr. The-
odore P. Croll, East Street & Main Street, Doylestown,
PA 18901.

Disturbed eruption of the permanent lower second
molar: treatment and results—page 183

This retrospective study describes the different treat-
ment methods applied in a group of seventy-seven pa-
tients and to report results that pertain to the inclination
and degree of retention of the impacted lower second
molar. Appearance, prevalence, and etiology were dis-
cussed in the March-April issue.

Requests for reprints should be directed to Dr. Mirja
Varpio, Pedodontic Clinic, Folktandvarden, Sociala
Huset, 411 17 Goteborg, Sweden.

Induced root apexification following traumatic in-.

juries of the pulp in children: follow-up study—
page 190

According to the present clinical and radiological follow-
up period of nine years and six months, of the twenty-

five cases that required apexification to date, nine teeth
were evaluated as failures. Five of the nine, however,
have had successful endodontic treatment. Part of the
failure rate could be attributed to the delayed referral of
the patients involved.

Requests for reprints should be directed to Dr. Sabine
C. Maréchaux, Head of Pedodontic Clinic, Faculté de
Medecine, Section de Medecine Dentaire, Division of
d’Orthodontie et de Pedodontie, Université de Geneve,
1211 Geneve 4, Switzerland.

Oral health in children treated with bone marrow
transplantation: a one- year follow-up—page 196

The oral cavity is a frequent site of complications during
bone marrow transplantation (BMT); the acute com-
plications are well recognized. In the present study, the
authors describe the oral-health status of children one
year after BMT.

Requests for reprints should be directed to Dr. Géran
Dahlléf, Department of Pedodontics, Karolinska In-
stitute, Box 4064, S-141 04 Huddinge, Sweden.

Utilization of a natural tooth in acid-etch bridg-
ing—page 201

Using a natural tooth is a convenient form of temporary
tooth replacement that maintains aesthetics, function,
and space until healing has occurred after extraction or
loss of a tooth. It allows subsequent replacement by the
more retentive Rochette or Maryland bridge.

Requests for reprints should be directed to Dr. George
T. R. Lee, School of Dental Surgery, Pembroke Place,
P.O. Box 147, Liverpool L69 3BX, England.



A scanning electron microscopic study of enamel
surfaces treated with topical fluoride agents in
vivo—page 205

The morphological appearance of human enamel treated
with topical fluoride agents (F) was studied. All F treat-
ment induced surface coatings composed of globules,
suggestive of CaF,. The prolonged retention of F-rich
surface coatings may act as a reservoir of F supplement
to the enamel microenvironment.

Requests for reprints should be directed to Dr. Stephen
H.Y. Wei, Department of Children’s Dentistry and
Orthodontics, Prince Philip Dental Hospital, 34 Hospi-
tal Road, University of Hong Kong, Hong Kong.

A clinical investigation of a high-level fluoride den-
tifrice—page 210

This study was designed to provide evidence of the
effectiveness of a silica gel dentifrice containing 1500
ppm F over a positive control, a conventional fluoride
dentifrice containing 1000 ppm F. The anticaries benefit
seen here has broad implications for the entire national
population, especially children.

Requests for reprints should be directed to Dr. Helmi R.
Fogels, Professor and Chair, Tufts University, School of
Dental Medicine, One Kneeland Street, Boston, MA
02111.

More children are using dental services in the sec-
ond half of the 1980s— page 216

Throughout the 1980s, evidence has been building that
children increasingly are using dental services; that par-
ents are—more than ever—aware of their children’s

165 MAY-JUNE 1988
JOURNAL OF DENTISTRY FOR CHILDREN

dental needs; and that current dental economics and
future prospects of dentistry have improved dramat-
ically.

Requests for reprints should be directed to Dr. H. Barry
Waldman, Professor and Chairman, Department of
Dental Health, School of Dental Medicine, State Uni-
versity of New York at Stony Brook, NY 11794-8715.

The effects of nitrous oxide on anxious young pedi-
atric patients across sequential visits: a double-
blind study—page 220

Belief in the usefulness of nitrous oxide in modifying
anxiety appears to be based on clinical impression and
professional endorsement. This study was carried out to
provide data to permit objective examination of these
clinical impressions.

Requests for reprints should be directed to Dr. John E.
Nathan, 800 Enterprise Drive, Oak Brook, IL 60521.

The role of coping in children’s adjustment to the
dental visit—page 231

Coping refers to the cognitive and behavioral efforts
made by individuals to master, tolerate, or reduce a
stressful situation. Cognitive coping efforts, although
silent and often unnoticed, may play a major role in the
child’s ability to deal successfully with treatment and to
form a positive, lasting impression of the child’s dental
experience.

Requests for reprints should be directed to Dr. David C.
Johnsen, Department of Pediatric Dentistry, 2123
Abington Road, Cleveland, OH 44106.



Glass ionomer-silver cermet

class II tunnel-restorations s
for primary molars Clinic

Theodore P. Croll, DDS

In 1962 Jinks described the use of bur-cut tunnels
prepared from occlusal surfaces through the distal sur-
faces of primary molars. The preparations were filled
with a silicate cement, blended with sodium sil-
icofluoride and silver amalgam alloy powder.! The pur-
pose of these restorations was to impregnate the distal
surfaces of the treated primary teeth with a fluoride
releasing substance thus exposing the mesial surface of
the erupting adjacent molar to fluoride ion “inocula-
tion”. Theoretically, then, the mesial surfaces of the
adjacent teeth would be made caries-resistant. After
many years, Dr. Jinks abandoned “tunnel” preparations,
because he observed that 12 percent to 15 percent of the
marginal ridges of these teeth fractured (personal com-
munication, Dr. G. Jinks, February, 1987).

Continuing improvements in dental materials, and
introduction of new types of materials in recent years
have prompted renewed interest in tunnel-type prepa-
rations for restorations of class II carious lesions.?6 An
ideal restorative material for use in tunnel preparations
would:

[J Be injectable.

O Be radiopaque.

O Be fast-setting and insoluble in oral fluids after

hardening.

Dr. Croll is in private practice, pediatric dentistry, Doylestown, PA;
Clinical Assistant Professor, Department of Pediatric Dentistry, Uni-
versity: of PA School of Dental Medicine; Adjunct Clinical Professor,
’ ’ - . % 177 MAY-JUNE 1988
Department of Pediatric Dentistry, University of Texas Health Science J

Center at Houston (Dental Branch). JOURNAL OF DENTISTRY FOR CHILDREN



[0 Bond to tooth structure.

0 Be biocompatible with the dental pulp.

[0 Have negligible shrinkage or expansion during the
hardening reaction.

[ Increase the resistance of adjacent tooth structure
to caries by leaching of fluoride ions.

O Possess a coefficient of thermal expansion similar to
that of dentin and enamel.

O Be resistant to masticatory abrasion. After several
years use in a private practice, Ketac-Silver*, a
patented glass ionomer-silver cermet cement shows
good promise of being such an ideal material for
tunnel restorations.5%

Tunnel preparations preserve the anatomical marginal
ridge and minimize sacrifice of healthy tooth structure
adjacent to the carious lesion. In addition, once the
practitioner has developed proficiency in restoring class
II carious lesions with tunnel restorations, such restora-
tions require less treatment time than do traditional
class II preparations. The technique for restoring a pri-
mary first molar with a class II carious lesion, using a
tunnel preparation, is described.

TECHNIQUE

The procedure for restoring a primary molar with a class
I1 carious lesion by use of a tunnel preparation and
Ketac-Silver restorative material can be summarized as
follows:

*Premier Dental Products, Norristown, PA.

Figure 1. A preoperative bitewing radiograph revealed prox-
imal caries on the distal surface of the mandibular first pri-
mary molar. The film was used to determine suitable size of
round bur and to estimate angulation of the proposed prepara-
tion.

Figure 2. After local anesthesia was achieved, the rubber dam
was applied using the “slit-dam technique” 1’ A water-cooled,
high-speed, inverted-cone, carbide bur was used to prepare an
occlusal access preparation extending slightly into the dentin.

Figure 3. A segment of matrix band material was inserted
interproximally, to protect the mesial aspect of the second
molar, during tunnel preparation.

Figure 4. After judging the position of the carious lesion on the
bitewing radiograph, a suitable round bur at slow speed was
used to carefully probe for the lesion. Care was taken to avoid
penetration of the pulp space.



Figure 5. After the caries was detected, the slowly rotating
round bur was used for the removal of the caries and extension
of the tunnel preparation into and through the distal enamel
surface. One ascertains penetration of the enamel surface by
sudden movement of the unwedged metal matrix from contact
with the rotating bur. The bur mark on the matrix segment
confirms penetration.

Figure 6. By visual inspection and tactile evaluation with a
dental explorer and small spoon excavator, caries removal was
confirmed. A new contoured matrix segment was inserted and
a wooden wedge forcefully compressed it against the distal
surface of the tooth.!!

O Evaluate the lesion on a bitewing radiograph and
select a round bur of suitable size and determine
the angulation of the cut.

(J Obtain local anesthesia and apply the rubber dam.

O Prepare occlusal access, using a water-cooled, high-
speed bur.

O Insert a segment of matrix band to protect the
adjacent tooth from mechanical damage.

O Prepare the tunnel extension by penetrating the
axial surface, and removing enamel and dentinal
caries.

O Apply a segment of a contoured matrix and wedge it
firmly in place.

0 Remove smear layer from prepared tooth surface
and tunnel extension.

Figure 7. An appropriate mild acid solution is used to remove
the “smear layer”, before injection of the glass-ionomer-silver-
cermet cement.'? In this case 10 percent polyacrylic acid was
used for ten seconds, then rinsed with a copious water spray.

Figure 8. After mixing the Ketac-Silver cement in the dental
amalgamator, according to the manufacturer’s instructions,
the material was directly injected into a Centrix** syringe tip.
The thin syringe tip was inserted into the confines of the
tunnel, and the cement was forcefully injected into the prepa-
ration. Extreme care was taken to avoid incorporation of air
bubbles in the cement. In this case, excess cement could be seen
exuding between the distal surface of the tooth and the matrix
segment.

Figure 9. After overfilling the preparation, a burnisher dipped

in ethanol was used to compress the hardening cement. The

alcohol prevents the material from stickin@ to the instrument.
/

**Centrix Inc., Milford, CT.


http:tooth.ll

O Inject glass-ionomer-silver-cermet cement, under
pressure, overfilling the preparation.

[0 Wait for the cement to harden.

O Trim and refine hardened cermet cement with
water-cooled bur.

O Protect surface with varnish or layer of clear resin.

O Run abrasive strip gently through contact point, to
remove excess cement.

DISCUSSION

The author now routinely restores permanent posterior
teeth that have class II carious lesions but intact mar-
ginal ridges, with Ketac-Silver tunnel restorations. In
those cases, however, the occlusal segment of glass
ionomer cement is removed and replaced with an acid-
etch-retained, visible-light-polymerized, wear-resistant
composite resin, as described by McLean.® The Ketac-
Silver material serves as a radiopaque, bonded tunnel-
restoration and excellent bonded base for the overlying
resin. In addition, the Ketac-Silver surface can be
etched with 37 percent phosphoric acid for ten to twenty
seconds to create an irregular surface layer, which can
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Figure 10. After the material hardened to the point that it did
not indent under firm pressure from a sharp dental instru-
ment, a water-cooled bur was used to remove the excess.
During the hardening reaction, moisture contamination must
be avoided, to prevent washout of the cement and deleterious
surface changes. In addition, as the hardening reaction con-
tinues, overdrying of the cement can cause desiccation and
subsequent cracking of the cement surface. All rotary finishing
of the hardened cement should be performed, therefore, under
water spray.

Figure 11. The manufacturer formerly recommended applica-
tion of a special varnish after placement of glass ionomer
restorations. Currently, however, the recommendation is for
application of a thin layer of light-cured, unfilled-resin bond-
ing-agent or resin- sealant, to protect the glass ionomer cement
surface as the hardening reaction progresses in the first
twenty-four hours after placement.

micromechanically bond with the resin layer by use of
unfilled resin or dentin-enamel bonding agent.6.9
Although resin-glass-ionomer, layered restorations have
been used for selected primary molars (Figure 13), in
most cases the glass-ionomer-silver-cermet cement
serves as the final restoration for such teeth. The extra
time required to apply and finish the bonded composite
resin layer is not warranted for a primary molar, where
cosmetics is rarely of concern.

The Centrix syringe is indispensable in the tunnel
restoration technique. The syringe tip on the Ketac-
Silver mixing-dispensing capsule is too large to fit many
occlusal access preparations and tunnel extensions. In
addition, the lumen of the Ketac-Silver capsule tip is so
wide that small air bubbles are often not compressed and
released during injection, so they become incorporated
with the cement mixture. The thin lumen of the Centrix
syringe tip causes high pressure compression of the
cement as it is injected, and entrapped air is expelled.
Also, the narrow tapering configuration of the Centrix
tip allows it to be easily inserted deep into the prepared
tunnel extension.

In dozens of Ketac-Silver tunnel restorations of pri-
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Figure 12a. Before dental cleaning, the restoration is shown six
months postoperatively.

Figure 12b. Preoperative radi-
ographs (above) and six months
postoperative radiographs (be-
low) are shown. Both left pri-
mary first molars also were re-
stored with Ketac-Silver tunnel
restorations.

Figure 13a. Ketac-Silver tunnel-restorations can also be used Figure 13b. This postoperative radiograph shows two suc-
in a glass-ionomer- bonded-composite-resin layering tech- cessful tunnel restorations, one year postoperatively. The
nique.% This mandibular primary second molar was restored mandibular molar is shown in Figure 13a.

with Ketac-Silver, phosphonated dentin-enamel bonding
agent, visible light- cured, wear-resistant composite resin, and
bonded resin-sealant, twelve months previously.



mary molars performed by the author since 1985, mar-
ginal ridge fracture has rarely been observed. When
such fracture does occur, the tooth can be restored with a
class II bonded composite resin restoration without re-
moving all of the glass ionomer-silver cermet material.
Residual Ketac-Silver can still serve as an ideal bonded
base under the layer of resin. If fracture of the tooth is
more severe, a stainless steel crown restoration can be
made.

The question has arisen as to how the clinician can be
assured that all caries has been removed in the tunnel
segment of the tunnel preparation. Hunt uses fuchsin
die to identify carious tooth structure.? With careful
manipulation of the rotating round bur, however, and
close inspection using a fine explorer and sharp small
spoon excavator, use of the dye has not been necessary in
primary molars. Also, because Ketac-Silver cement
leaches fluoride ions o adjacent enamel at cavosurface
margins, those regions are made caries resistant. In two
years use of Ketac-Silver tunnel-restorations for class II
carious lesions in primary molars, the author has not
once observed new marginal caries adjacent to any tun-
nel-restoration.
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THE RUBBER DAM

Most all pediatric restorative procedures should be completed with the rubber dam in
place. The few instances in which it would not be used include (1) a child with an upper
respiratory infection, congested nasal passages, or other nasal obstruction; (2) the
presence of some fixed orthodontic appliances; and (3) a very recently erupted tooth

that will not retain a clamp.

Pinkham, J.R. etal: Pediatric Dentistry, Philadelphia:

W.B. Saunders, 1988, p 237.
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Disturbed eruption of the
permanent lower second molar:

Impacted permanent mandibular second molars do
not occur frequently.! When they do occur, however,
they can present a serious treatment problem. Various
approaches to the correction of the anomaly have been
proposed. The advantages and limitations of extraction
of the lower second molar have been discussed.? Various
orthodontic methods of uprighting or extruding the
tooth have been suggested.>10 Surgical uprighting of the
impacted molar has also been described.!:!2 Because of
the low prevalence of this anomaly, published reports
are mostly based on case reports and mesially inclined
molars. The aim of this retrospective study is to describe
the different treatment methods applied in a group of
patients, and to report the results with reference to the
inclination and the degree of retention of the impacted
lower second molar.

MATERIAL AND METHODS

The material comprises seventy-seven patients with
ninety-five impacted permanent lower second molars
who were referred by dentists in the Public Dental
Service in the city of Goteborg to the Pedodontic Clinic
at Sociala Huset, Goteborg, for the treatment of the
impactions. Most of the patients were included in an
earlier study concerning the clinical appearance,
etiology; and prevalence of disturbed eruption of the

The authors are with the Pedodontic Clinic, Public Dental Service,
Sociala Huset, 411 17 Goteborg, Sweden.

treatment and results

Boel Wellfelt, DDS
Mirja Varpio, DDS

permanent lower second molar.! The distribution of the
patients according to sex; unilateral or bilateral impac-
tion; the three main inclinations: mesioangular, dis-
toangular, or vertical; and total or partial impaction is
presented in Table 1. There were more males (48) than
females (29) and the most common inclination was mes-
ioangular (45 percent). The latter inclination was fairly
evenly distributed between the sexes while distoangular
and vertical, partially retained molars were more com-
mon among the males (Table 1). Partial impaction was
predominant among the distoangularly inclined molars,
whereas the mesially tilted and vertically positioned
molars were equally, often totally and partially retained
(Table 1). Bilateral impaction was found in eighteen pa-
tients, nine of whom had distally tilted molars (Table 1).
As to the side, more molars were impacted on the right
(58) than on the left side (37).

From the patients” records, it was found that at least
twenty patients had had premolars extracted, because of
crowding in other quadrants, but not because of crowd-
ing in the region of the impacted tooth. It was also quite
common that orthodontic treatment had been per-
formed in the upper, but not in the lower jaw. Only two
patients had impacted second molars and persistent
crowding, after a premolar extraction in the involved
quadrant.

The treatment of the patients with mesially inclined
second molars was initiated at somewhat younger ages,
approximately fourteen years, compared with the pa-
tients who presented with distally inclined or vertically



Table 1 [] The number of patients treated for total or partial impaction of a lower second molar with
regard to its inclination, unilateral or bilateral retention, and distribution between the sexes.

Unilateral Bilateral

Degree of retention retention Total no.
Inclination impaction Males Females Males Females  patients
Mesioangular Total 8 ) 2 1 16

Partial el 9 2 2 20
Distoangular Total 3 1 1 5

Partial 7 2 6 2 17
Vertical Total 5 55 10

Partial 6 1 1 1 9
Total no. of patients 36 23 12 6 77

positioned molars (Table 2). The treatment was usually
concluded at the age of nineteen, when the Public Den-
tal Service ceases to be free of charge. In some cases,
though, the eruption of the third molar was continued
under observation until the age of twenty to twenty-one
years. The patients were treated by several pedodontists
during the years 1975 to 1987, sometimes in cooperation
with orthodontists of the Orthodontic Clinic of the City
of Goteborg. Two cases with orthodontic treatment only
have been added to this material by courtesy of the
Orthodontic Clinic.

Three basic modes of treatment were applied:

[J Denudation of the second molar (D).

0 Orthodontics (O).

[0 Extraction of one of the three molars (E).

[J The three have often been combined and in some
cases supplemented by the luxation of the second
molar (L).

Seventeen different treatment methods have thus

been applied:

J Denudation of the second molar alone (D).

(J Orthodontics alone (O).

(J Extraction of either the first (E6), the second (E7),
or the third molar (ES8).

[J Denudation of the second molar combined with
either luxation of the second molar (DL), orthodon-
tics (DO), or extraction of the second (DE7), third
(DES), or a supernumerary tooth (DES).

[J Orthodontics combined with extraction of either
the second (OE7) or the third molar (OES).

(J Luxation of the second molar combined with ex-
traction of the third molar (LES).

(0 Denudation of the second molar and orthodontics
combined with either luxation of the second molar
(DOL) or extraction of the second molar (DOE7) or
the third molar (DOES).

[ Denudation and luxation of the second molar com-
bined with extraction of the third molar (DLES)
(Table 3).

Orthodontic treatment implies procedures from sim-
ple measures like the use of separating ligatures to more
or less complicated removable or fixed appliances, to
correct the inclination of the molar. The treatment of
interceptive character was performed by pedodontists

Table 2 [] The age at the start of the treatment calculated in years for
males and females in relation to the inclination of the impacted lower
second molar.

Males Females
Inclination X ds X ds
Mesioangular 14.5 1.5 13.8 1.4
Distoangular 16.9 L3 18.0 1.9
Vertical 16.3 1.9 15.6 1.8

while the fixed appliances were administered by ortho-
dontists.

The treatment was considered successful, when the
second and/or the third molar in the region involved had
erupted in good alignment and correct axial inclination,
and occluded well with the opposing tooth. The treat-
ment was rated as acceptable, when the second or third
molar had erupted, but not in correct alignment or
occlusion; the inclination was still to the mesial or distal,
or the occlusion, for instance, was in crossbite with the
antagonist. Unsuccessful results were recorded, when
the impacted tooth did not erupt; or erupted, but not
into occlusion; or when two molars in the quadrant had
to be extracted.

RESULTS

The material as a whole

Considering the material as a whole, irrespective of the
degree of retention or the kind of inclination, of the
seventeen treatment modes applied, only three, D, E8
and DES, were used in 50 percent of all cases and in all
inclinations. The treatment combination DE8 was the
most commonly used, in 23 percent. It was also the only
one applied in both partial and total retention, and in the
three kinds of inclination (Table 3).

When the different basic methods, D, O, E, and L,
are considered, D was performed in 64 percent, O was
included in 26 percent, E in 84 percent, and L in 8
percent (Table 3). Denudation of the second molar was
often performed as a preliminary procedure and was
done in 75 percent of the cases with totally retained
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Table 3 [] Distribution of different methods of treating the impacted lower second molar in relation to the inclination and the degree of retention.
D =denudation of the second molar; O = orthodontics; E6, E7, E8 = extraction of the first, second, or third molar, respectively; L= luxation,

S = supernumerary tooth.

D D D D No.of
Degree of PENDEEDSSDaED 0 . 0 L0 100 0 L. Teeth,
Inclination retention DO VEGS ETS ESRCE N OANETC O ES. “ESF '[E7 .  E8 E8 L E7 ES§ ES total
Mesioangular  Total | | it SO 1 1 4. e 20
Partial 2 2 3 1 5 1 1 2 1 4 1 23
Distoangular Total 2 3 1 6
Partial 2 127 2 8 1 25
Vertical Total 2 1 1 2 1 1 2% 10
Partial 2 2 1 4* 1 I* 11
No. of teeth, total 10 2 2 9 15 1 8 3 22 2 4 1 1 1 1 8 5 95

* = an unsuccessful case

Table 4 [] The number of teeth treated with successful, acceptable, and unsuccessful results,
respectively, in relation to the inclination and the degree of retention.

Degree of Total no.
Inclination retention Successful  Acceptable  Unsuccessful  of teeth
Mesioangular Total 16 2 2 20
Partial 22 1 23
Distoangular Total 5 1 6
Partial 6 14 5 25
Vertical Total 9 1 10
Partial 7 2 2 11
Total no. of teeth 65 20 10 95

teeth. One of the three molars was extracted in 75
percent of the cases: E8 in 55 percent, E7 in 18 percent,
and E6 in 2 percent. Extraction of a molar was common
in all types of inclination. It was equally frequent in
cases of total or partial retention. Treatment, selected
from among the seventeen alternatives, was considered
successful in 68 percent, acceptable in 21 percent, and
unsuccessful in 11 percent of the cases (Table 4). When
the different treatment combinations are considered,
the most usual alternative, DE8, was successful in 95
percent of the cases. Orthodontics alone or combined
with other measures was also mostly successful, al-
though less frequently performed. Luxation as a com-
plement to other treatment was successful in six of the
eight cases where it was applied.

When the results are related to the degree of reten-
tion, the treatment of total retention was successful in 83
percent, while the partially retained teeth showed suc-
cessful results in 59 percent (Table 4).

Mesioangular inclination

For the treatment of the mesially tilted lower second
molars, thirteen of the seventeen methods were used.
Extraction of the second molar was performed in 30
percent, and extraction of the third molar in 40 percent
of the cases (Table 3). Orthodontics was most frequently

applied in cases with this inclination, in 47 percent
(Table 3). Ten patients were treated with separating
ligatures, one with a removable appliance, and nine with
fixed devices of different kinds. The treatment combina-
tion DOE8 was only used in the mesioangular cases
(Table 3).

The mesioangular inclination was treated successfully
in 88 percent, acceptably in 7 percent, and unsuc-
cessfully in 5 percent of the cases (Table 4). In this
inclination, the partially retained teeth had a higher
success rate (96 percent) than the totally retained teeth
(80 percent).

Distoangular inclination

For the treatment of the distally tilted lower second
molars, only six of the seventeen methods were applied
(Table 3). Extraction of the third molar was performed in
77 percent of the cases (Table 3). No distally inclined
second molars were extracted. Only three patients (four
molars) were orthodontically treated, all with fixed ap-
pliances.

Successful results were attained in 36 percent, accept-
able in 48 percent, and unsuccessful in 16 percent of the
cases (Table 4). When the partially retained molars in
this inclination are considered separately, the treatment
was successful in only 24 percent, acceptable in 56



percent, and unsuccessful in 20 percent of the cases
(Table 4).

Vertical impaction

For the teeth retained in the vertical position, nine of
the seventeen methods were applied (Tabic 3). Denuda-
tion was performed in 71 percent, and luxation was
included comparatively often; five of the eight luxated
teeth belonged to this group (Table 3). Orthodontics was
performed in only one case, for the uprighting of the
third molar with local fixed device, after the extraction of
the impacted second molar.

The lower second molars retained in the vertical posi-
tion were treated successfully in 76 percent, acceptably
in 10 percent, and unsuccessfully in 14 percent of the
cases (Table 4). Again, as in the distoangular inclination,
the partially retained molars showed less favorable re-
sults than did the totally retained molars (Table 4).

DISCUSSION

There is no panacea for treating retained lower second
molars, judging by the multitude of treatment modes
applied. The explanation may be found in the etiology of
the retention, which was mostly crowding; and that
problem can be solved in different ways.

The mesioangular cases showed the most successful
results. The degree of tipping seems hardly to be a
prognostic factor, since almost horizontally inclined sec-
ond molars could be uprighted either by 0 (Figures
la,1b) or by DOES (Figures 2a,2b). Extremely tilted
lower second molars which appeared to have no chance,
however, of uprighting could also be extracted (Figures

Figure la. Mesially tilted lower second molar. Girl, age four-
teen years.

Figure 1b. After successful orthodontic uprighting. Age seven-
feen years.

Figure 2a. Mesially tilted lower second molar. Girl, age four-
teen years.

Figure 2b. After extraction of the third molar and orthodontic
treatment. Successful result. Age seventeen years.



Figure 3a. Mesially tilted lower second molar. Boy, age four-
teen years.

3a, 3b). This method, E7, has its shortcomings, owing to
the long interval from the E7 to the eruption of the third
molar. During this time, often three to four years, the
antagonist, if not extracted compensatorily, may elon-
gate. There is also a risk of increased mesial inclination of
the third molar along its path of eruption. In this mate-
rial, the results after E7 were successful or acceptable,
although E7 was mostly performed at a later age than

Figure 3b. After extraction of the second molar. Successful
result, age twenty-one years.

recommended.? The two failures in this group were
found in the same person, in whom an extreme, bilateral
space shortage made the extraction of the third molars
necessary, after the original treatment plan of E7 was
carried out.

The only patient for whom the lower first molars were
extracted showed mesial tipping and total retention of
the lower second molars at the age of thirteen years.
Since his first molars were heavily restored, they were
chosen for extraction. No orthodontics was applied, and
the result was considered acceptable (Figures 4a, 4b).
Although E8 was a usual method to achieve more space,
it was not necessary in all mesioangular cases. In some
cases, the second molar could be uprighted in the pres-
ence of the third molar (Figures la,1b).

Figure 4a. Mesially tilted lower second molars. Boy, age thir-
teen years.

Figure 4b,c. After extraction of the first molars. Acceptable
result, age eighteen years.




Figure 5a. Distally tilted lower second molar. Boy, age eigh-
teen years.

Regarding the adaptation of the lower second molar to
the curve of Spee, the mesial inclination is more advan-
tageous than the distoangular inclination. Most of the
acceptable and unsuccessful results in the treatment of
the distoangular, partially retained molars were due to
the unfavorable inclination. After the extraction of the
third molar, the second molar does not tip mesially,
spontaneously, nor can it be angulated by simple
ligatures as can the mesially inclined teeth. Moreover,
the three patients with five unsuccessfully treated mo-
lars had already reached ages of nineteen to twenty
years, felt comfortable as they were, and declined fur-
ther orthodontic treatment (Figures 5a,5b).

Among the vertically positioned teeth, ankylosis was
often suspected. In these cases, luxation (gentle disen-
gaging of the tooth) was performed, mainly to verify the
biological mobility of the tooth. In only one case was the
retained second molar elevated intraalveolarly to a supe-
rior position, but the tooth still failed to erupt com-
pletely, and the treatment was considered a failure.
Complicated root anatomy is usually assumed to be an
aggravating factor in cases of retention. In this material,
there were two almost identical cases with unfavorable
root anatomy, one of which was treated successfully
(Figures 6a,6b) and the other unsuccessfully (Figures
7a,7b) with the same method, DES.

As regards the rating of the results, one of the defini-
tions of failure, namely the extraction of two molars, was
arbitrary. Today, the extraction of a premolar and/or a
third molar is considered a routine procedure, if arch
length deficiency has been diagnosed, and the reduced
number of teeth is accepted. Of the failures described
above, the patient with the lower second molar retained
in a vertical position had enough room in the arch for two
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Figure 5b. After extraction of the third molar. Unsuccessful
result, age twenty-one years.

Figure 6a. Vertically positioned lower second molar. Girl, age
sixteen years.

Figure 6b. After denudation of the second molar and extrac-
tion of the third molar. Successful result, age seventeen years.



Figure 7a. Vertically positioned lower second molar. Girl, age
nineteen years.

molars. She was treated, therefore, with E8, but the
treatment failed, since the second molar did not erupt,
despite luxation, and had to be extracted also. The other
unsuccessful case (the second and the third molars were
extracted bilaterally) belonged to the mesioangular
group, but in this case the molars were extracted, due to
extreme shortage of space. If the analysis of the space
available in the arch of the latter patient had been made
earlier, it might have resulted in the extraction of a
premolar, and the patient would probably have been
better off with more teeth remaining, i.e. with one
premolar and two molars accommodated in the mandi-
ble.

The patients were usually referred late, especially
those with partially retained distoangularly tilted sec-
ond molars, which were still marked as erupting at the
age of fifteen to sixteen years in the patient’s record. The
lower second molars in the vertical position were also
treated late, though the age-range at referral was wide,
twelve to seventeen years. Impaction in the mes-
ioangular position was obsérved to be more spectacular
and, therefore, attracted the dentist’s attention at a
younger age. Here, too, the range was wide, eleven to
seventeen years.

Many of the patients in this investigation had received
orthodontic treatment or showed crowding. Owing to
the retrospective character of the study, the type of
occlusion and its connection with the retention of the
lower second molar could not be explained, since rec-
ords on the occlusion of the patients were often defi-
cient. Crowding as an etiological factor was illustrated
by patients in whom a premolar had been extracted in
three quadrants, but not in the quadrant that showed an
impacted lower second molar. It seems that in some
cases with lack of space, there is an eruption race be-
tween the second premolar and the second molar where
the loser ends up retained. If expansion treatment is
performed, the odds are that the second molar becomes
the loser.

Although some cases of retention appear to be unpre-
dictable, e.g. those caused by supernumerary teeth or
ankylosis, it still seems that many molars will be re-

The authors wish to thank the Public Dental Service of the City of
Gateborg for the support given to this investigation.

Figure 7h. After denudation of the second molar and extrac-
tion of the third molar. Unsuccessful result. Age twenty years.

tained due to crowding. To prevent this kind of retention
of the lower second molar, a prospective study recording
the details of the occlusion should be conducted.

CONCLUSIONS

O There were several successful ways to treat the
impacted lower second molars.

[0 Denudation was often the first and sometimes the
only treatment.

(0 The mesially inclined molars were most suc-
cessfully treated. Even almost horizontal lower sec-
ond molars could be uprighted. Extraction of the
third molar was not always necessary.

O The partially retained, distally inclined lower sec-
ond molars were least successfully treated. The
position of the distally inclined molars did not im-
prove spontaneously, after extraction of the third
molar.

0 Molars in the vertical position could be ankylosed.
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Induced root apexification

following traumatic

injuries of the pulp in

children: follow-up study

The need for endodontic therapy for traumatized
maxillary permanent incisor teeth with incomplete root
formation is often the unfortunate sequela of luxation
injuries, rather than of a pulp exposure. While a pulp
exposure can usually be treated successfully with a pulp
capping, or a partial pulpotomy, the delayed loss of
vitality of luxated teeth requires complete endodontic
therapy.!'2 Furthermore, successful endodontic treat-
ment is more difficult to accomplish in teeth with wide
open apices, due to the possibility of subsequent resorp-
tion and ankylosis. The treatment of choice is induced
apexification, rather than a flaring obturation or peri-
apical surgery.?4

LITERATURE REVIEW

According to Moorrees et al, root formation can be
classified in seven stages:

O Initial root formation.

O A quarter of the root length is achieved.

[0 A half of the root length is achieved.

O Three quarters of the root length is achieved.

O Root length complete with apical foramen wide

open.
O Apical foramen is half closed.
O Apical foramen is narrowed.®

Marga Thiiter is a postgraduate student in pedodontics; and Sabine C.
Maréchaux is head of the pedodontic clinic at the University of Geneva
Dental School, Switzerland.

Marga Thiter, DMD
Sabine C. Maréchaux, DDS

Apparently, wide open apical foramina in traumatized
teeth favor pulpal survival, especially if there has been
no injury by luxation.67 Most injuries to the maxillary
permanent incisors occur at the approximate age of eight
years, when the apical foramen has not completed its
formation, as in stage five, according to Moorrees et al.’

A late complication of teeth injured by luxation,
however, is the loss of pulp vitality and resorption of the
roots, especially in maxillary permanent incisors with
wide open apical foramina.® Andreasen classifies resorp-
tion as external and internal. External resorption is
caused by damage of the periodontal structures and the
pulp. It can be subclassified as surface, replacement,
and inflammatory resorption. Internal resorption oc-
curred in only 2 percent of reexamined luxated perma-
nent teeth and is manifested by an enlargement of the
pulp chamber?

Since Hermann first published his article on dentin
obliteration of root canals using calcium hydroxide, oth-
ers have suggested that it is the product of choice for
pulp healing.%!2 The exact mechanism of the action of
calcium hydroxide is not known, but radioactive isotope
studies showed that the calcium at the healed dentin
barrier comes from the blood stream rather than from
the product itself!2

The frequency of pulpal complications following luxa-
tion injuries varies from 20 percent to 30 percent in
luxation injuries without displacement, and up to 54
percent in luxation injuries with displacement 8.13-15

According to Penick, histological evidence of root



resorption exists in 90 percent of pulpally intact teeth.16
Other causes of root resorption can be due to orthodon-
tic movement, endocrine disorders, the presence of
cysts and tumors, impacted teeth, idiopathic dental dys-
plasia, and even bleaching.!7-2! Both internal and exter-
nal root resorption may occur on any permanent tooth at
any age and be treated successfully with calcium hydrox-
ide.22-28

Experiments on dogs and monkeys demonstrated the
healing potential of the wide open apical foramen, es-
pecially if the pulp tissue has remained vital.29-34

Histological and enzymatic studies established the
osteogenic potential of calcium hydroxide. The average
rate of reparative dentin formation was 3.5 p per day
during the first month, followed by a decreased rate.?>43

Numerous articles have been published on the pro-
cedures to induce the continued apical formation of
young permanent teeth requiring endodontic ther-
apy. 4455

The objective of treatment is to stimulate root forma-
tion to stage 7, according to Moorrees et al, and subse-
quently to fill the root canal in the conventional man-
ner.> All of the authors referred to in this paper use
calcium hydroxide with or without an antibacterial ad-
junct, to sterilize the root canal.

The calcium hydroxide increases the pH of the pulpal
tissues, thereby making osteoclastic activity impossi-
ble.5* The healing results from the stimulation of the
undifferentiated mesenchymal cells in the apical
periodontal ligament.'2 Usually, repeated dressings of
calcium hydroxide are required, although Chawla
claims that a single dressing is sufficient for successful
results.5556 Teplitsky discussed an effective method of
delivering the calcium hydroxide to the desired root
canal height.5”

According to Andreasen, the development of pulpal
necrosis following luxation depends on the extent of the
initial injury to the pulp and the periodontium.5%59 This
in turn, is influenced by the type of luxation and the
reparative potential of the injured tooth, which, again, is
dependent on the stage of root formation.

CLINICAL PRESENTATION

During the period of June 1977 until December 1986,
the total number of accident cases involving the perma-
nent dentition treated at the pedodontic clinic of the
University of Geneva Dental School represented 6.1
percent of the total number of pedodontic patients who
presented themselves for consultation. Of this 6.1 per-
cent, twenty-five patients required endodontic therapy
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of traumatized teeth with incomplete root formation.
These twenty-five represent 15.5 percent of the accident
cases involving the permanent dentition and 0.95 per-
cent of the total number of patients treated in the pedo-
dontic clinic. )

The Table on page 193 summarizes the treated cases,
the permanent teeth involved, the date of treatment in
relation to the date of the accident, and the ultimate
treatment result.

Clinical procedure

With the exception of five cases (2,8,10,17, and 18),
which were treated almost immediately after injury, the
majority of the cases presented in the Table required
pulp therapy from one month up to nearly five years
(cases number 3 and 20), after the accident. In all cases,
the apical foramina had not completed its physiological
formation to stage seven, according to Moorrees et al.’
The teeth involved were prepared, therefore, in the
conventional manner for endodontic therapy, with local
anesthesia, rubber dam and a large palatal opening
preparation. The remaining pulp tissues were gently
extirpated up to the limit of the apical root formation and
the canal was rinsed with hydrogen peroxide. The root
canal was dried with paper points and filled with calcium
hydroxide paste (Pulpdent*) up to the apical limit of the
root and IRM was used as a temporary filling. A
postoperative radiograph was taken six weeks after the
initial calcium hydroxide filling. In most cases, the cal-
cium hydroxide dressing procedure was repeated sev-
eral times, until there was clinical and radiological
evidence of closure of the apical foramina. At this point
the root canal was filled in the conventional manner with
guttapercha and the crown restored with a composite
resin.

If there was no clinical or radiological evidence of
continued root formation or signs of external resorption
after several calcium hydroxide dressings, the tooth was
extracted and replaced with a prosthetic appliance, for
example a Maryland bridge. Occasionally the extracted
tooth was replaced by orthodontic alignment and a com-
posite resin restoration of the adjacent incisor (cases
6,7,10,14,21, and 22).

Case reports

The following are two examples of the type of cases
which were treated.

*Pulpdent is manufactured by: Bona Dent, Max Planck Str. 2, D-6000
Frankfurt 56, West Germany.
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Figure 1 shows a thirteen-year-old boy who came to
the clinic forty-eight hours after the initial accident. The
maxillary permanent right lateral incisor and canine and
the left central incisor (teeth 12,13,21) were avulsed.
There was extrusion of the maxillary permanent left
lateral incisor (tooth 22) (black arrow) and lateral luxation
and an enamel-dentin fracture of the right central in-
cisor (tooth 11) (white arrow). The extruded maxillary
permanent left lateral incisor prevented him from clos-
ing his mouth and he had not been able to eat for two
days. The latter tooth was repositioned with a splint,
under local anesthesia, and the central incisor was re-
stored with a composite resin. The avulsed permanent
teeth were replaced with a partial denture.

Figure 2 shows the evolutionary changes in the cen-
tral incisor immediately after restoration; followed by an
apical radiograph two years later, with signs of external
resorption, especially at the cementoenamel junction
(white arrows). The root canal was consequently treated
with calcium hydroxide, but unfortunately resorption
had reached a point that required removal of the crown.

In this case the root was maintained, to avoid the loss of

alveolar bone height for as long as possible.

Figure 3 shows the apical follow-up radiographs of the
macxillary permanent left lateral incisor of the same pa-
tient. Pulp canal therapy was required nearly two years
after the initial accident and appeared successful, al-
though the last radiograph shows evidence of external
resorption on the distal surface of the root (white arrow).

Figure 4 shows an apical radiograph of two maxillary
permanent incisors (teeth 11,21) of an eleven-year-old
girl; both teeth were traumatized three years earlier.
Upon removal of the pulp canal contents, shown in
Figure 4, profuse hemorrhage occurred. It was with

Figure 3. The apical radiographs of the left lateral incisor
(tooth 21) of the same patient as in Figure 1. On the left is the
radiograph after repositioning. In the center, the pulp canal
has been treated with calcium hydroxide dressings and filled in
a conventional manner. On the right, the white arrow indicates
the beginning of external resorption on the distal surface of the
root two years postoperatiuely.
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Figure 1. Frontal view of a thirteen-year-old boy with complex
traumatic injury of his maxillary permanent incisors (teeth
12,11, 21, 22) and right canine (tooth 13). The black arrow
indicates the extruded left lateral incisor (tooth 22), while the
white arrow shows the crown fracture of the right central
incisor (tooth 11).

Figure 2. The apical radiographs of the right central incisor
(tooth 11) of the same patient as in Figure 1. On the left is the
restored crown following the accident. In the center, the white
arrows indicate the external resorption two years after the
accident and on the right is the remaining root structure with
the calcium hydroxide dressing in the pulp canal.

Figure 4. The apical radiograph of an eleven-year-old girl who
presented herself three years after the initial accident. Note
the incomplete root canal fillings and the wide open apices.



2 Apexification
Age of patient Time lapse A 7 Type of
at time of Teeth of treatment Tine: eapse Number".of : :o:v:::mnfl failure
accident in relation of treatment Ca(OH), 'u_o or ""1 A = Ankylosis
involved to accident Sressd = = ;ufie“ - E.R. = Exter-
years/months years/months/days  in months M S -o::h:" nal Resorption
Case no. Boys
1 A.A. 10/- 11 2/-/- 13.5 5 +/5.5
2 B.P. 11/- 11 [} 4 2 +/6
3 B.F. 71 11 4/10/- 19 4 +/37
4 C.P. 9/6 21 == 7.5 4 +/14
5 D.A. 8/1 11 =11~ 6 3 +/1
2 1/10/- 6 4 +/13
6 G.C. 9/4 n 1/7/- 17 4 -/8 E.R.
7 H.P. 8/- 21 ~16.5/- 18 2 -/60 E.R.
8 J.v. 16/11 11 ) 4 2 +/11
21 -16/- 5 4 +
9 N.C. 11/3 " By 5 3 m "
10 P.G. 10/10 11 0 22 7 =/4 E.R.
11 P.T. 8/4 21 =11/- 22.5 7 +/14
12 R.C. 6/3 21 =19/~ 15 6 +/7
13 R.A. 9/3 11 =112/~ 30 5 +/12 A (slight)
21 2 2 +
14 S.D. 8/- 12 2/4/- 4 3 _/m E.R.
15 T.R. 9/5 22 2/6/- 10 3 +/15
16 T.D. 9/- 22 4/2/- 5 2 -/12 E.R.
11 -/-16 7 2 +
17 T.8. 17/6 21 “fsl6 12 5 < E.R
21 =4=11 9 5 +/1
18 u.s. 10/3 11 =/=/1 9 4 + *
22 == 9 6 + *
Girls
19 M.P. 10/1 21 2/1/- 5.5 2 +/12
21 4/5/- ') 4 +/1
20 L5 49 22 4/6/- 5 2 +03
21 N.A. 8/6 11 3/8/- 1 1 -/60 E.R.
21 =/3/- 21 9 -/16 E.R.
22 P.M. 7/- 1 1/4/- 24 4 +/ *
23 R.S. 9/- 11 2/8/- 5 2 +/63
11 11.5 5 +
24 S.A. 8/4 21 3/2/- 1.5 5 26
25 S.V. 8/3 12 1/3/~ 2 1 +/9
* results inconclusive
clinically acceptable

Figure 5. Six months after the initial treatment of the same
patient as in Figure 4, there is evidence of apexification. The
root canals are filled with a calcium hydroxide dressing.

great difficulty that the pulp canals were debrided and a
calcium hydroxide dressing placed.

Figure 5 shows the same case, six months later. The
apical foramina of both teeth have closed and calcified
(white arrows). It took five dressings of calcium hydrox-
ide to achieve the ultimate result. The pulp canals were
then filled in the conventional manner, eleven months
after the initial treatment. Figure 6 shows the filled root
canals, one year after the final obturation. There has
been no evidence of external root resorption. Finally,
Figure 7 shows the clinical view of the same patient, two
years postoperatively.

Evaluation of the table

Of the twenty-five cases presented in the Table, eigh-
teen were boys and seven were girls.




Figure 6. The follow-up apical radiograph of the case shown in
Figures 4 and 5 shows the pulp canal fillings, two years after
treatment was begun. There appeared to be no signs of external
resorption or ankylosis.

Thirty-four maxillary incisors required pulp therapy
and these were tabulated as follows (the figures shown in
parentheses are the number of cases involving the spe-
cific tooth): tooth number 12 (2); tooth number 11 (15);
tooth number 21 (12); tooth number 22 (5).

Cases 6,7,10,14,16,17,21, and 22 did not respond to
the calcium hydroxide treatment and showed evidence,
furthermore, of external surface resorption and no con-
tinuation of apical root formation. Cases 9 and 13, while
responding to the treatment, became ankylosed. Case
14 also became ankylosed and in addition showed evi-
dence of external surface resorption. While the an-
kylosis in case 13 was very slight, four and a half years
after the initial accident, and can be considered
clinically acceptable, the ankyloses in case 9 occurred
very rapidly, requiring extraction of these teeth.

There seems to be no specific correlation between the
number of calcium hydroxide dressings used and the
time lapse of treatment. It appears that early treatment
of pulpally involved traumatized incisors, however,
favors apexification rather than delayed endodontic
therapy. On the other hand, it is very difficult to decide

whether this treatment is really required. Clinically one -

might say, that if a luxated incisor does not respond to
the vitality test one year after the initial accident and
when, compared to the original radiographs, there is not
continued root formation, pulp therapy using calcium
hydroxide is indicated. Unfortunately, however, there
are no scientific criteria to indicate when and if to start
the treatment and whether it will be successful.
Andreasen states that the prognosis of luxated perma-
nent teeth depends on the extent of the initial injury or
the type of luxation: concussion, subluxation, extrusion,
lateral and intrusive luxation and the repair potential of
the injured tooth, which in turn is dependent on the
stage of root development.® Luxated teeth that con-
tinue their physiological root formation without an-
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Figure 7. The clinical view of the case shown in Figures 4 to 6,
three years after treatment began and two years after the pulp
canal obturations were made.

kylosis and maintain their normal function in the dental
arch can be considered to have made a successful recov-
ery as far as pulp therapy is concerned.

CONCLUSION

Of the twenty-five cases that required apexification to
this date (December 1986), nine cases (nine teeth) were
evaluated as failures according to the present clinical
and radiological follow-up period of nine years, six
months.

Within these nine cases, however, five teeth have had
successful endodontic treatment, to date. The nine
teeth which showed evidence of resorption and an-
kylosis represent a 26.4 percent failure rate of the teeth
which required pulp therapy. Part of this failure rate
could be attributed to the delayed referral of the patients
involved. An additional follow-up period of at least five
to eight years is required to evaluate the final outcome of
the pulp canal therapy applied in cases of traumatized
maxillary permanent incisor teeth, with incomplete root
formation.
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Oral health in children treated with
bone marrow transplantation:

. Acute leukemias are characterized by a neoplastic
proliferation of one of the cells of the normal hema-
topoietic cell population. They are the most common of
malignant diseases of childhood in Sweden.! Rapid pro-
gress in the treatment of leukemias has taken place in
recent years, resulting in an increased life expectancy.
With current chemotherapy programs, more than 70
percent of standard risk patients will remain in complete
remission.2 In patients with a history of relapse of leuke-
mia, or in high risk for relapse, human allogeneic bone-
marrow transplantation (BMT) has been used with in-
creasing frequency.?® Interest is now focused not only
on the successful treatment of the disease, but also on
long-term side effects and treatment related complica-
tions.

At Huddinge Hospital a total of 156 (September, 1986)
patients were treated with bone-marrow transplanta-
tion, using mainly HLA-identical sibling donors.>6 The
conditioning therapy before BMT includes high doses of
cyclophosphamide and in leukemic patients, as well as
10 Gy total body irradiation (TBI).

The oral cavity is a frequent site of complications
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a one-year follow-up
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during BMT. The acute oral complications are well rec-
ognized.” Both irradiation and chemotherapeutic drugs
are known to cause mucosal atrophy, ulcerations and
damage to the salivary glands leading to xerostomia.”
Oral involvement of graft-versus-host disease (GVHD)
may induce xerostomia and stomatitis. Studies con-
cerning oral health in long-term survivors of childhood
malignancies are few. In the present study, we describe
the oral health status in children, a year after BMT.

MATERIAL AND METHODS

Patients

Between 1980 and 1985, forty-two children under twelve
years of age were treated with BMT at Huddinge Hospi-
tal. Fourteen of these patients died within a year. The
causes of death were: complications related to GVHD in
five patients, leukemic relapse in four patients, inter-
stitial pneumonia in three patients, septic shock in one
patient, and pulmonary fibrosis in one patient. From
twenty-eight patients surviving more than a year,
twenty-two patients were accessible for examination at
the Department of Pedodontics, Karolinska Institute.
Fourteen of these patients had been treated for acute
leukemia; four patients, for severe aplastic anemia; two
patients, for lymphomas; and two patients, because of



hereditary disorders (Gaucher’s disease and combined
immune deficiency).

Conditioning for BMT

The preoperative conditioning for patients with aplastic
anemia included cyclophosphamide. Patients with
acute leukemia and hereditary disorders received
cyclophosphamide; and on the day of transplantation, 10
Gy TBI were administered to leukemic patients, and 8
Gy to the others. To prevent or modify GVHD, meth-
otrexate or cyclosporin (CyA) were given for the first 100
days after BMT. To prevent relapse into leukemia in the
central nervous system (CNS), methotrexate was given
intrathecally 6 times from day 32 to day 102 after BMT.
Those patients who had leukemia in CNS before BMT
received methotrexate intrathecally as long as two years
after BMT, every eight weeks. At the first sign of acute
GVHD, prednisolone was administered. Chronic
GVHD was treated with prednisolone in combination
with azathioprine.>6

Dental examination and treatment

All patients were referred for a clinical and radiological
examination before BMT (phase 1). All sources of infec-
tion, trauma or irritation were, if possible, eliminated
before BMT. Carious lesions were treated and loose
primary teeth were extracted. Oral hygiene instruction
was also given.

During the leukopenic stage (phase 2), the patients
were examined daily. The preventive program included
daily rinses with 0.1 percent isotonic chlorhexidine solu-
tion, and the peroral ingestion of nystatin, four times
daily as prophylaxis against Candida albicans coloniza-
tion.

When engraftment of the donor marrow was obvious
(phase 3), gentle toothbrushing and daily rinses with
sodium fluoride were begun. Application of fluoride
varnish (Duraphat®, Woelm-Pharma, West Germany)
was repeated every 3rd month. For patients with xe-
rostomia, sugar-free chewing gum to stimulate salivary
secretion was recommended. A year after BMT, second
clinical and radiological examinations were made, in-
cluding bite-wing radiographs and a sample of saliva.

Dental caries

Decayed (D) and filled (F) surfaces were recorded
clinically. For primary teeth (d) and (f) were used. De-
cayed surfaces were also recorded on bite-wing radi-
ographs, when a radiolucency reached the dentin.
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Initial caries (CI) was defined as a radiolucency limited
to the enamel.

Gingival condition

The occurrence of gingival inflammation was recorded,
using the gingival bleeding index (GBI percent).? The
occurrence of gingival overgrowth was also recorded. !

Salivary factors

Paraffin stimulated whole saliva was collected during
five minutes. The salivary secretion rate was deter-
mined. The buffer capacity was estimated using the
Dentobuff® (Orion Diagnostica, Finland) method.!!
The number of S. mutans per ml saliva was estimated
according to Gold et al (1973) and the number of lac-
tobacilli per ml saliva was determined according to the
Dentocult® (Orion Diagnostica, Finland) method.!2.13

Oral mucosa

The condition of the oral mucous membranes was esti-
mated according to clinical appearance: as normal, with
increased redness, athrophic lichenoid, or erosive li-
chenoid.?

Candida albicans

Oral colonization with C. albicans was determined ac-
cording to Arendorf and Walker (1979).14

Diagnosis of GVHD

The diagnosis of clinical chronic GVHD was based on
changes in the appearance of mucous membranes and
skin, verified by biopsies, and increased levels of liver
enzymes.5

Statistical analysis

The Mann-Whitney U-test was used to test differences
between the patients who received TBI and those who

did not.

RESULTS

Oral mucosa

A year after BMT, sixteen out of twenty-two patients
showed no clinical changes in the oral mucosa. Three
patients exhibited an increased redness of the mucous


http:1979).14

membranes, two patients had erosive lichenoid
changes, and one patient had athrophic lichenoid
changes. The buccal and labial mucosae were most often
involved. All patients with clinical chronic GVHD ex-
hibited changes in the oral mucosa. None of the eleven
patients on CyA showed any signs of gingival over-
growth, a year after BMT. The gingival bleeding index
was 9 percent, ranging from 0-34 percent.

Caries

The caries prevalence, a year after BMT, is shown in
Table 1. The number of DF surfaces was 2.1 and of dfs
was 4.0. There was no significant difference in caries
activity between children conditioned with TBI and
those not so conditioned. The distribution of the
number of decayed and filled surfaces in the primary
dentition is presented in the Figure. Seven of twenty-
two patients developed new carious lesions during the
first year. In the primary dentition, the number of de-
cayed surfaces ranged from zero to seven (Table 2).
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Figure. Distribution of df surfaces in nineteen children, a year
after bone marrow transplant.
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Table 1 (] Caries prevalence in twenty-two children, a year after BMT.

Mean Standard
Variables values deviation Range
Age at examination 8.4 33 2.7-12.0
DFs (proximal) 0.4 1.5 0-6
DFs (total) 2.1 3.4 0-10
dfs (proximal) 2.0 3:1 0-9
dfs (total) 4.0 5.3 0-15

Table 2 [] Caries activity in twenty-two children, a year after BMT.

Mean Standard
Variables values deviation Range
DS (proximal) 0 — —
DS (total) 0.1 0.5 0-2
ds (proximal) 0.5 1.0 0-3
ds (total) 1.0 1.8 0-7
CI (proximal) 0.7 0.8 0-2
Saliva

The salivary flow rate was 0.7 ml/min, a year after BMT.
Eight children had a salivary secretion rate less than 0.3
ml/min. When comparing the salivary secretion rate in
patients with acute leukemia and hereditary disorders
who had received TBI to patients with aplastic anemia
who had not received TBI (Table 3) a statistically signifi-
cant (p<<0.05) lower salivary secretion rate was found in
patients who had received TBI. No difference was found
in salivary secretion rates between children with or
without a chronic GVHD.

Forty-seven percent of the children had >10° S. mu-
tans per ml saliva and 63 percent of the children had
lactobacilli counts >10. In four of twenty-two patients,
growth of C. albicans was detected.

DISCUSSION

The results of this study show that children treated with
BMT exhibit a wide range of oral side effects, during the
first year after transplantation. The conditions in the oral

Table 3 [] Salivary secretion rate in twenty-two children a year after BMT.

TBI! No TBI
(leukemia) (aplastic anemia)

n=16 n=4 Level of

Variables Mean Standard Mean Standard significance
values  deviation  values  deviation

Saliva secretion
rate, (ml/min) 0.6 0.6 12 0.9 p<0.05>
Age (vrs) 8.9 7.8

! total body irradiation
2 Mann-Whitney U-test



cavity are influenced not only by the disease itself and
the chemotherapy given, but also by the side effects
induced by TBI and GVHD.

In this study, seven of twenty-two patients developed
new manifest carious lesions (range 1-7) during the first
year after BMT. In one patient, the type and localization
of the lesions resembled those reported to be observed
in patients treated with radiotherapy for cancer of the
head and neck.!® In the other patients (n 6) proximal
lesions were most frequent. The mean number of df
surfaces a year after BMT was 4.0, which is a lower
frequency than reported in healthy children in Swe-
den.16 Previous studies on oral health in leukemic chil-
dren in remission and subjected to chemotherapy
programs have shown a lower or similar caries preva-
lence compared to healthy controls, or a slightly higher
caries prevalence than the national average.!”18

Several factors contributing to an increased caries risk
in children treated with BMT can be identified. Chil-
dren subjected to TBI showed a statistically verified
lower salivary secretion rate, a year after BMT, than
those not subjected to TBI. This indicates that the re-
duced salivary flow rates in children treated with BMT
were mainly caused by TBI. Degenerative changes in
the minor salivary glands due to GVHD may in some
patients have contributed to an impaired salivary func-
tion, but the changes appear to be of lesser importance
than the effects of TBI. These observations are in accor-
dance with previous reports.519

In addition to xerostomia the antileukemia treatment
also induces loss of taste and appetite, induces nausea
and vomiting and pain, all of which predispose the
patient to cariogenic soft-food eating habits. In this
study, 63 percent of the children had high salivary
counts of lactobacilli, which are related to high intake of

fermentable carbohydrates.2? A high percentage (47 -

percent) of the children also had high salivary levels of S.
mutans, a year after BMT. Studies on patients receiving
radiotherapy to the head and neck have shown pro-
nounced shifts in the oropharyngeal microflora composi-
tion.2!"23 Parallel to the development of xerostomia, the
numbers of S. mutans, lactobacilli and staphylococci
were increased. These changes occurred whether or not
local fluoride was administered, and were found to per-
sist up to four years after irradiation. Despite this in-
creased risk of developing carious lesions during the first
year after BMT, the results do not indicate an increased
caries activity, suggesting that the level of prophylaxis
applied is adequate in this group of patients.

In this study, 27 percent of the children developed a
chronic GVHD, which is in accordance with earlier
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reports.24+26 Persistent oral problems are common in this
group of patients. Approximately 80 percent of patients
with the extensive form of GVHD will develop oral
problems.” All children in this study with a clinical
chronic GVHD exhibited changes in the oral mucosa,
which is in accordance with Heimdahl et al (1985).8
Three patients showed an increased redness of the oral
mucosa, involving the buccal and labial mucosae and
three patients showed lichenoid changes with a similar
distribution.

Cyclosporin has been reported to induce gingival
overgrowth in 20 percent of marrow-transplant recip-
ients.?” Eleven patients in our material who were
treated with CyA exhibited no signs of gingival over-
growth, a year after BMT. Shortly after BMT, a reversi-
ble gingival overgrowth was frequently observed. This
may indicate that the development of CyA-induced gin-
gival overgrowth is dose dependent, since the hyper
plasia disappeared, when lower maintenance doses
were given, which is in accordance with the observa-
tions by Schubert et al (1983).7 These results indicate
that children treated with BMT must be considered at
high risk to develop carious lesions and damage to the
mucous membranes and salivary glands, during the first
year after BMT. Prophylactic regimens may minimize
this risk, however; but it is of great importance to study
further the long-term influence of these treatment-re-
lated complications and to evaluate prophylactic mea-

_sures to be used.
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ACUTE LYMPHOBLASTIC LEUKEMIA (ALL)

The cause of ALL is unknown, although several theories have been postulated involving
viruses and immune surveillance. This disease represents the most common childhood
malignancy, occurring in approximately 4 in 100,000 children.

The manifestations of ALL are related to the functionally myelosuppressed state of

the patient, which results from the overwhelming presence of malignant cells in the
bone marrow. These patients demonstrate the pallor of anemia, purpura or bleeding
secondary to thrombocytopenia, and prolonged or unusual infections owing to neu-
tropenia.

Subjective findings include fever, malaise, and occasionally bone pain.

Oral objective findings include the following: 1. Gingival oozing, petechiae, hema-
toma, or ecchymosis formation is commonly found. 2. Cervical and submandibular
lymphadenopathy are possible findings. 3. Oral ulceration, pharyngitis, and gingival
infection unresponsive to conventional therapy are also important diagnostic deter-
minations.

Systemic objective followings include the following: 1. A peripheral blood smear may
show leukoerythroblastic changes. 2. Bone marrow aspiration and biopsy will establish
a definitive diagnosis.

The goal of therapy is to destroy the leukemic cells and allow normal cells to
repopulate the marrow. This is generally accomplished with chemotherapy, which may
be supplemented with radiotherapy.

Pinkham, J.R. et al: Pediatric Dentistry.
Philadelphia: W.B. Saunders, 1988, p. 62.
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Utilization of a natural tooth

The loss of a solitary permanent upper anterior tooth
in a child is usually due to either direct trauma or its
sequelae. According to O’Mullane (1973), children with
a Class II division I incisor relationship are five times
more prone to injury, particularly if the teeth protrude
beyond the soft tissue profile of the lips.! Other pre-
disposing factors include participation in contact sports
and accident-prone children.

Despite a wide range of treatment that can be
provided to conserve the dentition after a traumatic
episode, there are occasions where tooth loss is inevita-
ble. This report reviews nine cases where in such cir-
cumstances the crown of the damaged tooth has been
used as a pontic for an immediate bridge.

METHOD

During a fourteen-month period, 103 patients were re-
ferred to the Children’s Department of the Liverpool
Dental Hospital, because of traumatic injuries to perma-
nent maxillary anterior teeth. The referrals were pre-
dominantly from local dental practitioners, but others
were from the community dental and hospital service.

The injuries ranged from uncomplicated incisal edge
fractures to complete tooth avulsions. Appropriate treat-
ment was carried out, but in fifteen cases tooth loss
occurred, including two patients where replantion of the
avulsed teeth was not possible. Of the fifteen cases,

Dr. Lee is with the School of Dental Surgery, Penbroke Place, P.O. Box
147, Liverpool. L69 3BX, England.

in acid-etch bridging

George T. R. Lee, MDS, FDSRCPS

three were suitable for space closure by orthodontic
means, and a further three were deemed unsuitable for
an acid-etch bridge on one or more of the following
criteria.

[J Presence of diastema.

[0 Lack of sufficient occlusal clearance.

O Likelihood of recurrent trauma.

O Poor oral hygiene.

[ Surgical extraction required. The subsequent
clinical procedure is illustrated by one of the cases
cited below.

A fourteen-year-old female avulsed the permanent

upper left central incisor, which was replanted approx-

Figure 1. Tooth before extraction.
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imately one hour after the accident. The tooth remained
firm and symptomless for several weeks; but at a subse-
quent review, there was evidence of a periapical abscess
and extensive root resorption (Figure 1).

The tooth was extracted under a local anesthetic and
the crown resected to form a suitable pontic. Mesial and
distal marginal ridges were disked to produce a saucer-
shaped preparation.

The coronal pulp was removed together with rem-
nants of the pulpal horns to prevent subsequent coronal
discoloration. The access cavity and root canal at the
level of the resection were sealed with amalgam (Figures
2 and 3).

A rubber dam was applied and the abutment teeth Figure 2. Immediately after extraction.
and the natural tooth pontic were polished with pumice
and water (Figure 4). The mesial and distal surfaces and
part of the adjacent palatal and labial surfaces of the
abutment teeth were etched (Figure 5), together with
similar surfaces of the pontic.

Concise Enamel Bond was applied to the etched sur-
faces and the natural tooth pontic was bonded into posi-
tion using Concise composite material (Figure 6).

Excessive material was removed with high speed ro-
tary instruments and then the rubber dam was removed
(Figures 7 and 8).

RESULTS

The nine patients for whom this procedure was used are
presented in the Table. Figure 3. Preparation of pontic.

Table (] Summation of nine cases, in each of which a natural tooth was used in a bridge.

Still satisfactory

Patient Age Sex Tooth Reason for tooth loss Comments after
1 14 F 11 replantation failure—tooth satisfactory at 2 months 10 months
extracted review
2 10 M 11 avulsed tooth—tooth not replanted  satisfactory at 2 months 14 months
review
3 11 M 1 root resorption following root fract-  satisfactory at 2 months 8 months
ure—tooth extracted review
4 15 F 11 replanation failure—tooth extrac- satisfactory at 2 months 12 months
te review
5 15 F 1 root resorption following coronal detachment from abutment 16 months
fracture—tooth extracte after 6 weeks—reattached
bridge with composite
6 13 M u extensive root fracture—tooth replaced after six months —
extracted with Rochette Bridge
7 10 M 11 avulsed tooth—tooth not replanted  lost bridge following recur- —
rent trauma after 2 weeks—
replaced bridge with partial
denture
8 13 M 1l extensive root fracture—tooth replaced after 6 months with —
extracted Rochette Bridge
9 14 M 11 lateral perforation and periodontal ~ satisfactory at 2 months 12 months

abscess—tooth extracted review




Figure 5. Etched mesial aspects of abutment teeth.

The age-range was from ten to fifteen years and con-
sisted of three females and six males. Seven of the nine
cases involved extractions under a local anesthetic. The
other two were avulsed teeth, not suitable for replanta-
tion on clinical grounds. In this study, all teeth replaced
were one of the maxillary central incisors.

After placement of the acid-etch bridge, a recall was
scheduled two months later. In two cases, however,
patients returned earlier, due to problems. The first was
where the pontic had completely dislodged following a
subsequent accident. The second case exhibited partial
detachment of the pontic from one of the abutments. In
the former, the bridge was replaced by a partial denture;
but in the second case, the bridge was reattached after
further etching.

In the other seven cases, two-month-review examina-
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Figure 8. Palatal view.

tion showed that the bridges were intact, with no sign of
discoloration and perfect color match of the pontic. Re-
sorption above the pontic had occurred, following heal-
ing of the socket, which led to the presence of a



perceptible space between the mucosa and pontic; but
in all cases aesthetics were acceptable and none re-
ported any restriction of function.

The eight cases were reviewed at four-monthly inter-
vals and, apart from slight further resorption above the
pontic, every other aspect remained satisfactory. At this
stage, however, it was decided to replace two of the
bridges with conventional Rochette bridges, to improve
the aesthetics.

DISCUSSION

There are a number of advantages of using a natural
tooth as a pontic in an acid-etch bridge. It is a temporary
restoration that maintains aesthetics, function, and
space, until healing has taken place following extraction
or loss of a tooth, thus allowing subsequent replacement
of a more retentive Rochette or Maryland bridge.
Davila and Gwinnett (1978) described the application
in one patient over a thirteen-month period.2 In their
case a mesio-linguo-distal groove was advocated that
extended into dentine. In the present study, adjustment
of the pontic was confined to a shallow saucer shaped
preparation of the marginal ridges, thus allowing a slight
increase in the volume of composite at that point. The
successful application of denture teeth as pontics in an
acid etch bridge has been reported by Jordan et al (1978),
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but the use of the patient’s own tooth means that the
size, contour, and color are perfect in most cases and,
from the patient’s point of view, it is more likely to be
accepted quickly.?

The disadvantages are that it is more difficult to clean;
and access to the healing sockets, if required, is poor.
Furthermore, the natural tooth pontic is adapted to
probably swollen contused soft tissue, which will
quickly subside, but will be followed by resorption and
remodelling of the alveolus as the socket heals. The
retention of this restoration, primarily by virtue of de-
creased area of acid-etched attachment, is poorer than
either a Rochette or Maryland bridge. From the results
of this small study of nine cases, however, it appears that,
with appropriate patient selection, this form of restora-
tion provides a convenient form of temporary tooth re-
placement.
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U.S. COULD DO MORE FOR CHILDREN

The U.S. could be doing much more to improve the health of its children through “cost-
effective prevention strategies,” the Office of Technology Assessment (OTA) has told

Congress.

OTA, a research agency of Congress, says that the frequency with which sick, poor
children see a doctor “depends very much on their income; that expanded Medicaid
benefits to encourage early prenatal care could save money by preventing hundreds of
low birth weight births; that expanded testing of newborns, although expensive, might
save the lifetimes of some for the equivalent of what we spend for two to three years of
life for heart transplant recipients or hemodialysis patients.

The Nation’s Health, April, 1988.
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The efficacy of topical fluoride (F) treatment in re-
ducing dental caries depends on the ability of F agents
to increase the enamel F concentration, to enhance
remineralization, and to suppress bacterial growth.!:2
Exposure of enamel to topical agents results in the
formation of CaF, as a main reaction product.3>
Ca,(PO,),(OH), + 20F~ § 10CaF,
+ 6PO2~ + 20H™ (Equation 1)
The low pH of some topical F agents may enhance the
formation of CaF, for the following reason: the con-
centration of PO,*~ and OH ™ (equation 1) decreases
considerably due to the formation of H,PO,~ and
HPO,2".
Cay(PO,){(OH), + 8H* § 10Ca2*
+ 6HPO2~ + 2H,0 (Equation 2)
The liberated Ca?* combined with HPO,2~ to form
dicalcium phosphate dihydrate (CaHPO*2H,0) and
with F~ to form CaF,. In the presence of F—, di-
calcium phosphate dihydrate is not stable and, there-
fore, an additional CaF, is formed.
Studies indicate that only a small fraction of the top-
ically acquired F in enamel does not leach away during
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the first 24 h after F application.®” The morphological
changes in surface enamel induced by topical F have
been investigated in vitro.812 The in vitro findings may
not be directly comparable, however, to the clinical
situation, because the rate of the dissolution of acquired
F could be greatly influenced by the protein film formed
on tooth surfaces and by saliva/enamel interactions.

The aim of the present study was to examine the
morphological changes in human enamel treated with
different topical F agents in vivo.

METHODS AND MATERIALS

Extracted permanent molars were stored at 4°C in thy-
mol-containing solution before use. The teeth were sec-
tioned longitudinally in buccolingual direction using a
water- cooled circular saw. Twenty-six intact enamel sec-
tions (=200 wm thickness) were employed. Maxillary
acrylic removable appliances were constructed for each
of four adults who participated in the study. Each ap-
pliance had clasps for retention and two troughs on the
exposed palatal surface to retain the enamel sections.
Five to six enamel sections were mounted in each ap-
pliance using a sticky wax and then secured with a wire
mesh. Windows were made in the wire mesh to expose
the enamel surfaces (Figure 1). Twenty-one enamel sec-
tions were randomly assigned into three experimental
(F treatment) groups, so that each appliance carried the
enamel sections treated with all tested F agents. The
experimental groups were treated with one of the follow-
ing agents:
O Neutral sodium fluoride gel-drops, * containing 0.5
percent F.
O Acidulated phosphate fluoride (APF) gel, T con-
taining 1.23 percent F.
O Neutral resinous varnish, I containing 2.26 percent
F. The topical F agents were applied extraorally to
the enamel surface as layers of approximately 2 mm
thick. After 5 min of topical application, the sub-
jects were instructed to wear the appliances for 24
h.
No attempt was made to wash the enamel section follow-
ing topical application. The only instruction given was to
refrain from brushing the teeth dvring the experimental
period. On a separate occasion, the appliance carrying
five enamel specimens was worn by one of the subjects
for 24 h to serve as control. At the end of the experiment,

*Thera-Flur -N, Colgate-Hoyt Lab., Norwood, MA.
tSDACheckmate, Oral-B Lab. Inc., Redwood City, CA.
#Duraphat, Woelm Pharma GmbH & Co., Eschwage, FRG.

Figure 1. The maxillary acrylic appliance with enamel sections
mounted in the troughs and secured with wire meshes.
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Figure 2. SEM of freshly cut enamel section before F treat-
ment.

the appliances were removed and the controls, as well as
those enamel surfaces treated with gel-drops or APF
gel, were washed under running water for 2 min.
Enamel treated with Duraphat was washed with acetone
to remove the varnish remnants.

SEM specimens were desiccated and glued onto alu-
minum stubs, spattered with a 10-12 nm layer of gold and
viewed in a JEOL JXA-840 scanning electron micro-
scope operating at 25 KV. Photomicrographs were taken
at magnifications of 1000 to 15,000x.

RESULTS

The appearance of the enamel surface before F treat-
ment and exposure to the oral environment is shown in
Figure 2.

All three topical F agents induced surface coatings
which were not removed after 24 h exposure to the oral
environment. The neutral NaF gel-drops produced a
dense surface coating consisting of CaF,-like globules of



Figure 3. SEM showing a uniform surface coating consisting of
small globules (~ 0.5 wm in diameter) overlying the enamel
treated with neutral NaF gel-drops: (a) low (x 5000) and (b)
high (x 15000) magnifications.

about 0.5 wm in diameter (Figure 3a). At higher magni-
fication (Figure 3b), a tendency for the globules to co-
alesce was apparent. APF gel induced surface coatings
consisted of globules embedded in an amorphous matrix
(Figure 4a). The size of globules for the APF-treated
specimen (Figure 4b) was slightly larger (0.7 pm in
diameter) than the ones found in the neutral NaF gel-

Figure 5. A flattened globular surface-coating overlies a Du-
raphat varnish-treated enamel. The globules coalesce on the
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Figure 4. A globular surface coating overlies an APF gel-
treated enamel. The globules (~ 0.7 pm in diameter) appear to
be embedded in an amorphous matrix: (a) low (x 5000) and (b)
high (x 15000) magnifications.

drops. The internal aspect of the coating induced by
APF gel seemed to be denser than of neutral NaF gel-
drops. In contrast to the neutral NaF gel-drops and APF
gel, the surface coatings produced by Duraphat varnish
were not well defined (Figure 5a). The globules were
flattened and clumped on the outer surface of the coat-
ing, forming a sheet-like deposit. Figure 5b shows the

outer surface of the coating: (a) low (x 5000) and (b) high (x
15000) magnifications.
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Figure 6. SEM of F-untreated enamel, exposed 24 h to the oral
environment (control). Note the deposition of an irregular
mass of organic-like material.

4

cluster of globules at a higher magnification. Examina-
tion of the control specimens showed that exposure of
enamel surfaces to oral fluid resulted in the deposition of
irregular organic-like coatings (Figure 6).

DISCUSSION

Topical F treatment results in partial dissolution of sur-
face enamel mineral and concomitant precipitation of F-
rich reaction products. The principal chemical product
of the reaction was identified by X-ray diffraction and an
electron probe to be CaF,.13! Lowering the pH of a
topical F agent enhances the rate and amount of CaF,
precipitation onto the enamel surface.34

Earlier in vitro studies indicate that two-thirds or
more of the F initially acquired by enamel is lost within
the first 24 h.67 Caslavska et al reported that essentially
all (96-99 percent) of the deposited F on topically-
treated enamel was removed after 24 h equilibration in
IM KOH.!" These findings raised the question of the
beneficial effect of CaF, reaction product.

In this study, all the tested F agents produced surface
coatings on enamel remained for at least 24 h in oral
environment. The coatings were composed of globules,
suggestive of CaF,. The morphology of enamel treated
with neutral NaF gel-drops or APF-gel was quite similar
(Figures 3 and 4), despite the differences in the F con-
centrations and pH of the tested agents. The sizes of
spherical globules found on enamel treated with gel-
drops or APF-gel (Figures 3 and 4) were less than 1 pm
in diameter. In an in vitro study on the effect of water-
washing on enamel coatings produced by acidified NaF
solution (pH 4), Barbakow et al found that globules
larger than 0.5 wm were more readily removed than the

small ones.!! Nelson et al reported that the large spher-"

ical globules produced by APF-gel treatment were re-
moved after 30-sec washing with water.1

The morphology of Duraphat-treated enamel was dis-
tinct from gel-drops and APF- gels. The globules were
fused together forming a sheet-like deposit. A thin
smear of the varnish seems to cover the surface coating.
In our previous study on the appearance of enamel
treated with Duraphat, it was found that remnants of the
varnish were not completely removed by brief washing
with acetone followed by acid etch.!2

Evidence from the present and previous findings indi-
cates that the dissolution of reaction products is a slow
process under biologic conditions in the oral cavity.!>16
It may be speculated that the acquired pellicle and the
deposition of cellular matter on F-treated enamel may
account for the retardation in the dissolution of CaF, in
saliva, which is undersaturated with respect to this salt.
The prolonged retention of reaction products, which
form a coating on the enamel surface, may influence
both initiation and progression of enamel caries

O By acting as a diffusion barrier.

O Reducing enamel solubility.

(] Acting as a reservoir of F for the enamel microen-
vironment.

0 Desorbing proteins and microorganisms from the
enamel surface. Indeed a significant caries inhibi-
tion was achieved from topical treatment where the
main reaction product is CaF, rather than fluor-
apatite, which is traditionally regarded as a monitor
for the efficacy of topical F treatment.

SUMMARY

The morphological appearance of human enamel treated
with topical fluoride (F) agents was studied. Maxillary
acrylic appliances carrying the enamel sections were
worn for 24 h following 5-min application of neutral NaF
gel-drops, APF gel and Duraphat varnish. All F treat-
ment induced surface coatings composed of globules,
suggestive of CaF,. The sizes of the globules varied
according to the F agents and, in general, were less than
1 wm in diameter. The globules formed following neutral
NaF gel-drops and APF were spherical; while those
produced by Duraphat were flattened, forming a sheet-
like deposit. Irregular masses of organic-like material
were seen on F~ untreated enamel, which were ex-
posed to the oral environment for 24 h (controls). The
prolonged retention of a F-rich surface coating may act
as a reservoir of F supplement to the enamel microen-
vironment, which thus contributes to remineralization.
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HEALTH, INCOME, EDUCATION

As of 1985 up to half of young, less-educated women who had babies in the last five years
smoked during their pregnancies. About 48 percent of people with less than 12 years of
education had a working smoke detector in their house, compared with 61 percent of
those with more than 12 years of education and 69 percent of those with 16 years or
more. About 33 percent of people with incomes below $20,000 smoked cigarettes,
compared with 24 percent of those with incomes above $50,000. Women with family
incomes of less than $20,000 were almost twice as likely to be overweight as those with
family incomes of more than $50,000 (over 26 percent compared with about 13 percent),
according to a recent publication from the National Center for Health Statistics

(NCHS).

The report which analyzes the health promotion and disease prevention section of
the 1985 National Health Interview Survey, reinforces past findings that often—
although not always—people with higher incomes or education are better off in health

knowledge and health habits.

In another example, about 25 percent of those with less than 12 years of education
wore seat belts all or most of the time, but 57 percent of those with 16 or more years of

education did so.

There are some areas, however, in which people with higher educations and incomes
seem to be less well off About 48 percent of people with more than 12 years of education
felt that stress had had some effect on their health in the past year, but only 40 percent of
those with less than 12 years felt that way. About 9 percent of those in the work force
with family incomes under $10,000 said they were exposed to mental stress on their job,
but the percentage rose steadily with income and 22.7 percent with family incomes of
more than $50,000 said they were exposed to such stress.

The Nation’s Health, April, 1988.
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A clinical investigation of
a high-level fluoride dentifrice

In 1955, a stannous fluoride dentifrice became the first
dentifrice recognized by the Food and Drug Admin-
istration (FDA) as an effective tooth decay preventative.!
New-drug approval was received and it became a popu-
lar over-the-counter medicament, its effectiveness rec-
ognized by the American Dental Association.?

Over the next twenty years, two other fluoride spe-
cies, sodium fluoride and sodium monofluorophos-
phate, in combination with several different compatible
abrasive systems, were established as being effective. In
1972, the panel for “Over the Counter Drugs” (OTC),
established by the FDA, reviewed fluoride dentifrices
and proposed, on the basis of the data in hand, that a
number of fluoride/abrasive combinations were effec-
tive. The tentative final monograph of the OTC Den-
tifrice and Dental Care Drug Products was issued in
1985 and declared the three fluoride species to meet
Category I conditions (generally recognized as safe and
effective), when formulated at the same total fluoride
level, 1000 ppm F, in compatible dentifrice systems.3
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In 1978, evidence began to appear in the literature
that a greater anticaries benefit could be delivered from
dentifrices containing higher levels of fluoride.*6 The
clinical data from these studies, and others that fol-
lowed, suggested that even in an era of declining caries
prevalence, another adjunctive measure of caries con-
trol above that delivered from the traditional 1000 ppm F
dentifrice was achievable through topical application.”

Higher levels of fluoride (e.g., 1500 ppm MFP) in a
dentifrice were formally recognized by the European
Economic Community in 1982.% Today, these products
are being marketed in eighteen countries to over fifty
million people.

Clinical trials of high-level fluoride dentifrices were
conducted from 1978 through 1981, largely outside of the
U.S. These studies generally represented mixed fluo-
ride systems, different fluoride levels (1450, 2000, and
2500 ppm F) and frequently lacked inclusion of a
positive control. None of the studies reported a second
confirmatory independent clinical trial which would
support and corroborate the findings of the first trial.

This study was designed to provide evidence of the
effectiveness of a dentifrice containing 1500 ppm F over
a positive control, a conventional fluoride dentifrice
containing 1000 ppm F. Unlike the traditional clinical
trials, this study, by design, had no placebo. The test
dentifrice had to be compared to a modern conventional



fluoride dentifrice containing 1000 ppm F. The positive
control selected contained a silica abrasive and mono-
fluorophosphate (MFP), and was representative of new
dentifrice technology that successfully ensures max-
imum fluoride availability over the shelf-life of the prod-
uct.? This report presents the three-year clinical find-
ings of the study conducted in Boston, Massachusetts, in
1981, a region with a water fluoridation program in effect
since 1978.

OBJECTIVE

The objective of this clinical study was to determine
whether a 1500 ppm F (sodium monofluorophosphate)
silica gel dentifrice could provide more effective caries
protection than a commercially available 1000 ppm F
(sodium monofluorophosphate) dentifrice.

METHODOLOGY

A double-blind clinical study was conducted over a
three-year period in twenty-three parochial schools, in
the greater Boston, Massachusetts area. The commu-
nities involved in this region adjusted the fluoride in the
drinking water to 1.0 ppm in 1978.

Informed parental consent was received for 2469 male
and female children between the ages of six to eleven
years. The subjects were stratified according to age and
sex, and were randomly assigned one of two fluoride
dentifrices.

The subjects were instructed to use their assigned
dentifrice at home and in a daily supervised classroom
setting. Field examinations, including radiographs,
were performed annually. Dentifrice distribution, field
examination conditions, and accuracy of data collection
were monitored.

The clinical criteria for diagnosing dental caries based
on the American Dental Association Guidelines were
reviewed at the annual standardization sessions.!® One
dentist, trained and experienced in clinical studies, per-
formed all examinations. The examinations were con-
ducted in the customary manner. The children were
instructed to brush their teeth before the examination.
Approximately 10 percent of the study population was
randomly selected for a reexamination to determine the
examiner’s reliability. The consistency percentage for
decayed surfaces ranged from 84.7 to 88.9 percent. The
range for filled surfaces was from 95.1 to 98.8 percent,
during a three-year period.

Posterior bitewing radiographs were taken annually,
with anterior films taken only in cases of severe crowd-
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Table 1 (] Summary of the population.

Population Total examined

available for Attrition at
Treatment data analysis Drop-outs rate % three years
(1000 ppm F) 1200 250 20.8% 950
(1500 ppm F) 1211 248 20.5% 963
Total 2411 498 20.7% 1913
Table 2 [ Study population at third year.

Orthodontic  Caries

Group N children % Free % Sealants %
(1000 ppm F) 950 180 (18.9) 166 (17.5) 70 (7.2)
(1500 ppm F) 963 179 (18.6) 173 (18.0) 93 (9.6)
Total 1913 359 (18.8) 339 (17.7) 163 (8.4)

ing. Radiographs were read by the examiner at a later
date, and he was not aware of his clinical diagnostic
finding. Upon request, a duplicate set of radiographs
was mailed to the family dentist.

A complete oral examination was performed at each
visit. Any abnormal soft tissue findings were recorded
and a decision was made as to whether the abnormality
was related to the product being evaluated. A letter was
sent to the parents after each examination period in-
forming them of their children’s dental health.

RESULTS

Table 1 presents a summation of the subjects who en-
rolled and completed the three-year clinical study. The
2411 subjects who were examined at the commencement
of the study represent an 80 percent acceptance rate of
the program. From this initial population, 1913 subjects
completed the program with an attrition rate of 20.7
percent. The drop-outs (498) either withdrew from the
study during the course of the trial or were absent at the
third-year clinical or radiographic examination.

Table 2 presents the proportion of children undergo-
ing orthodontic treatment during the course of the
study, the number of children who had a sealant applied
to at least one surface, and the number of children who
remained caries-free throughout the study. Approx-
imately 19 percent of the subjects who enrolled in the
study received orthodontic treatment and 8.4 percent
had sealants applied. Eighteen percent of the children
who completed the study were caries-free. No dif-
ferences were found between the dentifrice groups.
Subjects undergoing orthodontic treatment were in-
cluded in the statistical analysis, but all banded teeth
were excluded.



Comparison of the caries prevalence of
two study groups at baseline

Table 3 presents a comparison of baseline data for the
two groups. The mean number of sound surfaces and
mean DMFS values were based on the analysis of non-
banded teeth. It should be noted that some of these
teeth became banded during the study and were ex-
cluded, therefore, from all data analysis.

(age

The mean ages of the children were 9.36 and 9.40 years,
in group 1 (1000 ppm F) and group 2 (1500 ppm F)
respectively. A t-test indicated that there was no signifi-
cant difference between the two groups (p =0.44).

Sex

There were 448 males and 502 females in group 1 and
424 females and 539 males in group 2. A Chi-square test
indicated that there were no significant differences be-
tween the two groups (p=0.18).

Baseline caries prevalence

The children in group 1 demonstrated higher average

values for the DMFS and DMFT indices. The results of

the analysis revealed a significant difference (p=0.05)
between the two groups for the baseline mean DMFS
scores. Because this difference, the DMFS baseline
caries prevalence was included in the general linear
model, used to analyze the three-year DMFS increment
data.

No statistically significant difference was observed
between the two groups for the mean DMFT index
(p=0.13). For consistency of analyses, the baseline prev-
alence was included in the general linear model, used to
analyze the three-year DMFT increment data.

The mean number of sound surfaces was 71.45 in
group 1 and 71.88 in group 2. Results of a general linear
model indicated no significant difference (p=0.78). The
general linear model was adjusted for age and sex varia-
tion.

Comparison of three-year dental increments

Table 4 presents the three-year increment data ana-
lyzed, using the conventional DMFS and DMFT in-
dices. The DMFS increments for group 1 and group 2
(the 1000 ppm F and 1500 ppm F groups) were 2.36 and
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Table 3 [J Mean baseline caries prevalence.
P-value for
test of equality

1000 ppm F 1500 ppm F of groups
Sample size 950 963
Age 9.36 (1.05) 9.40 (1.09) 0.44
Males 448 424
Females 502 539 0.18
DMFS 3.85 (3.92) 3.55 (3.74) 0.05
DMFT 2.36 (2.06) 2.23 (2.03) 0.13
Sound surfaces 71.45 (24.53) 71.88 (25.01) 0.78
() Standard deviation
Table 4 [] Three-year mean dental increments.

Percent*

1000 ppm F 1500 ppm F reduction P-Value**

Sample size 950 963

DMFS 2.36 (3.47) 2.02 (3.21) 14.4 0.05
DMFT 1.44 (2.00) 1.22 (1.86) 15.3 0.01
DF proximal 0.39 0.37 — 0.80

( ) Standard deviation
rcent reduction = Group 1 increment minus Group 2 increment
|vxded by CrouP 1 increment.

* ted on baseline preval

e, age, sex.

2.02, respectively. This represents a reduction of 14.4
percent, which was statistically significant (p=0.05).
The proximal component of the DMFS index for three
years for group 1 was 0.39 and for group 2 was 0.37. This
difference was not statistically significant (p=0.80).

Mean caries increments by group, age and sex

Historically, the newly erupting second permanent mo-
lars receive considerable benefit from fluoride treat-
ment.!! In this study, the ten-years-and-older age-group
consisted of children whose second permanent molars
had erupted and were present for a reasonable time,
during the course of the study. Table 5 shows that in both
age-groups, there is a directional effect that favors the
high fluoride dentifrice. These data are consistent with
historical findings.12-14

Table 6 summarizes the data of those subjects who
experienced no dental decay over the three-year period.
Approximately 34 percent of the children in the 1000
ppm F group and 38 percent of those in the 1500 ppm F
group experienced no tooth decay. Of the children who
began the study in a caries-free condition, approx-
imately 57 percent remained caries-free. The percen-
tage of children in the caries-prone group who
developed at least one additional DMF surface was 76
percent for the 1000 ppm F and 70 percent for the 1500
ppm F groups.



Table 5 [] Three-year mean dental caries increments by group, age and sex.
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1000 ppm F 1500 ppm F

DMFS
Age 9 and under Male 230 1.60 (2.84) 206 1 (2.39)
Female o7l LT (2TT) 285 (2.61)
Age 10 and over Male 218 2.73 (3.58) 218 (3.51)
Female 231 3.22 (4.37) 254 68 (3.96)

DMFT
Age 9 and under Male 230 0.87 (1.56) 206 (1.39)
Female 271 1.15 (1.43) 285 (1.54)
Age 10 and over Male 218 LTI (2:18) 218 (1.89)
Female 231 2.07 (2.57) 254 (2.34)

() standard deviation.
n = sample size.

Table 7 presents the decay increment over the three-
year period for those children who had a DMFS index of
greater than 1 but less than 9 at baseline. A significantly
greater percentage of the children in the 1000 ppm F
group, with a baseline of 1to 8 DMFS, developed at least
one more decayed, missing, or filled surface than did
those children in the 1500 ppm F group. The mean
incremental DMFS saving for this subset of the popula-
tion is 0.58 surface for the children in the 1500 ppm F
group, a 71 percent greater benefit over that derived for
the entire population.

The dentifrices involved in this study generally im-
proved the oral hygiene state of the subjects and no
adverse experiences related to the dentifrices were ob-
served throughout the course of this trial.

DISCUSSION

A once-daily, classroom-supervised toothbrushing with
a fluoride dentifrice containing 1500 ppm fluoride, 50
percent more than a positive control, demonstrated that
even in an area with optimal water fluoridation, an addi-
tional anticaries benefit can be achieved with use of a
high-fluoride dentifrice.

The communities involved in this study accepted the
program enthusiastically, and daily, supervised brush-
ing assured at least minimal compliance and is consis-
tent with the manner in which the product is intended
for general use. Adjustment of fluoride in community
water to a higher content than optimal, (e.g. 2 ppm, 3
ppm) has been shown to provide enhanced cavity pro-
tection.’> Few studies in the U.S., however, have ex-
plored the potential of levels of fluoride, above 1000 ppm
in a dentifrice, to deliver enhanced protection against
tooth decay.

Anticaries clinical studies of higher-fluoride den-
tifrices conducted in Europe in the mid-1970s and oth-
ers of more recent origin, are supportive of the findings
of this study. Stephen recently reported on a study
conducted in Lanarkshire, U.K. and observed that fluo-
ride dentifrices containing up to 2500 ppm F provided

Table 6 [] Subjects remaining caries-free, baseline to three years.

Baseline Baseline
caries-free caries-prone*
DMFS 3 years DMFS 3 years
Group N 0 >1 N 0 >]
1000 ppm F 292 166 126 658 160 498
1500 ppm F 303 173 130 660 197 463

*Starting study with at least I DMFS.

Table 7 [] Three-year dental increments of a population subset.

Net
incremental  Net

1000 ppm F 1500 ppm F benefit enhancement
All subjects
Sample size 950 963
DMFS 2.36 2.02 (0.34)
71%
Caries Prone*
Sample size 545 570
DMFS 2.65 2.07 (0.58)

*Baseline DMFS index greater than 1 but less than 9.
Accounts for 58.3 of total population, results significant p = 0.01.

an incremental antidecay benefit that increased with
fluoride level .16 The annual increment of decay observed
in Lanarkshire was 2.3 DMFS for children who were
approximately twelve years of age at the start of the
study. The average number of DMF surfaces saved over
three years was reported to be 0.6 and 1.3 for the 1500
and 2500 ppm F dentifrices, respectively. The largest
beneficial effect observed was in the reduction of prox-
imal decay, which constituted approximately 50 percent
of the decay increment. In the study conducted in
Munster, Germany and reported by Buhe, et al, the
population (average age, twelve years) experienced an
annual increment of 6.2 DMFS and a saving of 1.5
DMFS over a three-year period for subjects using the
higher fluoride dentifrice (1500 ppm F).'” Proximal de-
cay in this study was reported to constitute 44 percent of
the decay increment.

The decay increments reported in Stephen’s studies



on older populations, twelve years of age, are consider-
ably larger than those reported in this present study
(0.79 DMFS/yr) and larger than those reported by Conti
(0.8 DMFS/yr) and by Graves (0.8 DMFS/yr).18.19 The
children participating in these studies averaged nine to
ten years of age at the commencement of the trials,
similar to those in this investigation.

The benefit in this study of the higher fluoride den-
tifrice over a positive control was 0.3 DMFS over a
three-year period, in children of seven to eleven years of
age. The greatest preventive effect was seen in occlusal
pit-and-fissure lesions, suggesting that a higher fluoride
dentifrice has the ability to provide a higher con-
centration of fluoride in the oral cavity. The greater
potential of the fluoride to diffuse into the pits and
fissures or to be retained in close proximity to them for a
longer period of time may be the result of the higher
concentration of the ion.

In this study, proximal surfaces experienced little
decay over the three-year period (0.39 for the 1000 ppm
F treatment and 0.37 for the 1500 ppm F treatment)
approximately 0.1 DF surface annually. Proximal decay
constituted 16 percent of the total increment.

In 1978, the level of fluoride in the drinking water in
these Boston communities was raised to 1.0 ppm. The
effect of fluoride on the prevention of proximal decay is
well known. It is our belief that, in controlling caries in
this study the predominant influence on the proximal
surfaces was the water fluoridation program in effect in
these Boston communities for over three years, preced-
ing the commencement of the investigation.

More evidence of the influence of the water fluorida-
tion program on tooth decay is derived from our long
experience with dental caries in these communities. In
1977, before community water fluoridation in Boston, a
population of subjects of comparable age to the subjects
involved in this study and living in these same commu-
nities, participated in a dental caries study. The same
positive control fluoride dentifrice was used as in this
study. The baseline caries prevalence for the positive
control group was 50 percent higher in 1977 than that
observed when the present study began in 1981.2

The magnitude of the benefit (average saving 0.3
DMFS) in this community is a conservative estimate of
the product’s potential. Fully one third of the subjects
participating in this trial developed no new lesions dur-
ing the three-year period (Table 6). Excluding these
subjects and those where neither dentifrice influenced
the caries process (subjects with nine or more cavities),
58 percent of the population remained. In this residual
group, the higher F treatment demonstrated a 0.58
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DMFS reduction in caries compared to the positive
control.

The achievement of an additional benefit delivered
from a higher fluoride dentifrice over a clinically tested
positive control in an area with an optimal water fluoride
content is even more impressive, when one considers
the level of dental care in the participating communities.
There are nine dentists per 10,000 people in Boston
compared to 6.4/10,000 in the entire Commonwealth of
Massachusetts.?! Seventeen percent of the subjects in
this study had orthodontic treatment and 8.4 percent
had sealants; both are complicating factors in estimating
product superiority.22

The anticaries benefit of a high fluoride dentifrice
over a standard positive control, used without undue
risks, has broad implications, when one considers the
entire U.S. population as well as those who may be at
higher risk. Children who are caries susceptible, or
those experiencing the eruption of premolars and sec-
ond molars (teeth with greater susceptibility to dental
decay), may be expected to benefit from the use of a
higher fluoride dentifrice.

This study demonstrated that a higher level of fluoride
delivered from a dentifrice can afford greater anticaries
protection than a dentifrice containing the con-
ventionally recognized over-the-counter standard level.
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VALIDITY OF DENTISTS’ RESTORATIVE DECISIONS

The sensitivity and specificity values achieved by the dentists in this study when they
examined for caries requiring operative intervention, using a visual only examination
technique, suggest that they erred towards under-diagnosis rather than over-treatment.
Only two dentists achieved higher values for sensitivity than specificity. Although there
is wide variation in the diagnostic standards of this group of dentists, they are tending
not to intervene surgically at an early stage in the disease process. This is reassuring as
the routine dental inspection is such an important part of the service offered by
dentists, and it is vital that patients should feel confident that their teeth are not being
treated unnecessarily. This study suggests that for dentists using a visual only dental
examination technique this confidence would be justified; however, it would seem that
doubtful lesions should be fissure sealed or subjected to continuous review because as
the prevalence of a disease declines so does the predictive power of a positive screening

test.

Kay, E.J. et al: Preliminary investigation into the validity
of dentists’ decisions to restore occlusal surfaces of permanent teeth.
Community Dent Oral Epidemiol, 16: 91-94, April, 1988.
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More children are using

dental services in the

second half of the 1980s

H. Barry Waldman, DDS, MPH, PhD

¢ T

00 many pedodontists? If so, what then?” and
“Verifying an oversupply of pedodontists: some added
factors” are examples of titles of articles written about
the uncertain future of pediatric dentistry in the first
days of the 1980s.1:2 Indeed, by the end of the 1970s,
signs for the future of pediatric dentistry seemed
ominous: improvements in pediatric dental disease pat-
terns, a general stabilization in the use of dental services
(both in the number of visits per child and the percent of
the population with a dental visit), marked increases in
the number of pediatric dentists per population, and a
general decreasing interest amongst senior dental stu-
dents for a career in pediatric dentistry.

But times have changed. Throughout the early 1980s
evidence was building that children increasingly are
using the services of dental practitioners; that parents,
more than ever, are aware of the dental needs of their
children; and that current dental economics and future
prospects of dentistry have improved dramatically.>-

And now, data are available through 1986, which con-
firm the general upsurge in the use of dental secvices by
the general population and by more children of all ages,
males and females, whites and blacks, and in all family
income groups.®

Source of information on the
use of dental services

The National Health Interview Survey is a continuous
cross-sectional, nationwide survey conducted by house-

Dr. Waldman is Professor and Chairman, Department of Dental
Health, School of Dental Medicine, State Universitv of New York at
Stony Brook, Stony Brook, NY 11794-8715.



Table 1 [ Percent of all children with a dental visit within the past vear:
selected years 1969-1986.(9-1)

Age 1969 1978/79 1983 1986
Under 5 vrs. 11.0 14.3
2-4 vrs. 28.4 33.5
5-14 vrs. 58.8 64.2
5-17 yrs. 67.0 71.5

Table 2 [J Percent of all children by the !irr;e since last dental visit: 1983
and 1986.9- 10

Age
2 - 4 years 5 - 17 years
Last dental visit 1983 1986 1983 1986
Less than 1 vear 28.4 33.5 67.0 71.5
1-2 vears 2.8 2.7 11.7 8.5
Subtotal 31.2 36.2 78.7 80.0
2-5 vears 1.0 0.9 8.9 10.1
5+ vears — — 2.1 2.2
Never 64.2 62.9 8.9 TG

Note: Totals may not equal 100 percent because of the “unknown”
interval category

Table 3 [] Percent of all children with a dental visit within the past year
by gender and race: 1983 and 1986.-19

1983 1986
Gender
Male
2-4 yrs 29.1 31.2
5-11 vrs 67.6 69.4
12-17 vrs 64.6 68.1
Female
2-4 yrs 27.8 31.3
5-11 vrs 66.9 72.0
12-17 yrs 68.9 71.8
Race
White
2-4 vrs 29.2 32.1
5-11 vrs 69.7 73.4
12-17 yrs 70.2 72.9
Black
2-4 vrs 25.4 26.0
5-11 yrs 53.8 57.2
12-17 yrs 48.4 54.6

hold interview. Each week a probability sample of

households is interviewed by personnel of the U.S.
Bureau of the Census to obtain information on the health
and other characteristics of each member of the house-
hold. Available information from various national stud-
ies on overall dental use patterns permits a review over a
period of time. Information available from the 1986 sur-
vey of the civilian noninstitutionalized population repre-
sents data from 61,522 interviewees.* (There was
approximately a 1 percent nonresponse rate. )’

*Because of changes in reported age cohorts for children in the more
recent survey reports, presentations for 1983 and 1986, in many in-
stances, cannot be compared directly to data for previous vears. In
addition, for several vears during the 1980s, dental-visit data were not
collected in the annual National Health Interview Survey.
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Percent of the population with a dental visit

There has been a progressive increase in the percent of
children with reported visits to dentists. By 1986, a third
of children between two and four years of age and over 71
percent of children between five and seventeen years of
age had visited a dentist in the previous year (Table 1).
Similarly, between 1983 and 1986, there was an increase
in the percent of all children with reported visits to
dentists in the previous two years and a decrease in the
percent of all children who had never visited a dentist
(Table 2).

The increase in the percent of children with a dental
visit was for a wide variety of demographic groups, by
age, gender, race and family income groups. The dif-
ferences within the various demographic groupings con-
tinued, however, from 1983 to 1986.

[J By 1986, in each age-category, a greater percent of
female children, than their male counterparts, had
reported dental visits (Table 3).

[J A greater percent of white children, as compared to
their black counterparts, had dental visits in the
previous year. In 1986, despite an increase in the
percent of white and black children with reported
dental visits in the previous year, a smaller percent
of black children had reported dental visits than
their white counterparts had reported in 1983
(Table 3).

[ There was a direct relationship between increased
family income and the percent of children of all ages
with reported dental visits in the previous year
(Table 4).

Number of dental visits

Between 1983 and 1986, children between two and four
years of age were reported to have increased their total

Table 4 [ Percent of all children with a dental visit within the past year
by family income: 1983 and 1986.¢9-10!

Age and Income 1983 1986
2-4 vears
Less than $10,000 23.5 26.9
$10,000-$19.999 23:3 25.7
$20.000-$34,999 S 31.3
$35,000 + 40.4 43.0
5-11 vears
Less than $10,000 54.8 56.1
$10.000-$19.999 57.5 61.8
$20.000-$34.999 73.9 787
$35.000 + 84.7 86.3
12-17 years
Less than $10,000 5101 56.8
$10,000-$19,999 55.9 57.6
$20,000-$34,999 71.6 71
$35.000 + 84.7 85.8




number of dental visits. During the same period, older
children were reported to have decreased the total
number of dental visits.

Although there were differences in the age-cohort
categories presented in earlier reports from the National
Health Interview Survey, the number of visits per child
reported during the 1980s was greater than for 1978/79
(just before the last recession). Between 1983 and 1986,
however, the number of visits per child remained con-
stant for children between two and four years of age and
decreased for older children (Table 5).

For younger children, ages two to four years, there
was an increase in the percent of children with reported
visits in each of the annual-visit categories (i.e. 1,2,3 to 4
and 5+ annual visits). For older children, there was an
increase in the percent reporting one or two visits and a
decrease in the percent reporting three or more visits
(Table 6).

Private dental insurance and the use of services

In 1986, for all age-cohorts, dental insurance was a factor
in the use of dental services. A greater percent of chil-
dren with private dental insurance, than their unin-
sured counterparts, had reported dental visits in the
previous year (Table 7).

Dental student interest in
pediatric dentistry programs

Throughout the first half of the 1980s, there was a gen-
eral decrease in the number and percent of senior dental
school students who expressed an interest in pediatric
dentistry training programs. Available data for 1985 and
1987, however, (no data were collected by the American
Association of Dental Schools for 1986) do indicate a
possible turn-around in student interest (Table 8).

Overview

The reported use of dental services by children is a
balance between increased percentages visiting a den-
tist and many children requiring numerically fewer vis-
its to complete necessary treatment. No doubt the
decrease in the average number of dental visits reflects
the changing dental disease patterns and major im-
provements in techniques and materials available to the
practitioner.

Unfortunately, no national data are available to permit
the demonstration of a relationship between the income
of pediatric dentists and national survey data that indi-
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Table 5 [] Total number of dental visits and visits per child: 1978/79,
1983, 1986, -1

1978/79 1983 1986
Total number of visits
(in thousands)
2-4 yrs — 7,166 8,109
5-11 vrs — 47,268 46,934
12-17 yrs — 63,362 49,452
Visits per child
Under 5 yrs 0.4 — —
2-4 yrs 0.7 0.7
5-11 yrs 2.1 2.0
5-14 yrs 2.0 — —
12-17 vrs 2.9 2.8

Table 6 [] Percent distribution of all children by the number of dental
visits in the past year and visits per child: 1983 and 1986.9-1*!

1983 1986
Age and Number of visits
2-4 vears
None 71.3 67.8
1 170 20.9
2 72 8.2
3-4 1.4 2.2
5+ 0.8 0.9
Visits per child 0.7 0.7
5-17 years
None 32.7 29.1
1 27.0 29.4
2 20.6 24.5
3-4 9.7 7.9
5+ 9.3 9.0
Visits per child 2.5 2.4

Table 7 [J] The percent of children with a dental visit in the previous vear
by private dental insurance coverage: 1986.(%

Private dental No private

Age insurance dental insurance
2-4 yrs 37.1 27.8
5-11 yrs 80.9 63.5
28170 81.8 61.3

Table 8 [J] Number and percent of senior dental students who anticipate
applying to pediatric dentistry training programs: 1980-1987.¢2

Year Number Percent
1980 126 2.4
1981 116 22
1982 91 21
1983 98 1:7
1984 96 1.8
1985 102 1.9
1986 na na
1987 na 3.0

cate the changing dental-service-use patterns by chil-
dren. Available information, through 1986, however,
(based on gross receipts, net incomes and national ex-
penditures per active dental practitioner) from the



American Dental Association and the Health Care Fi-
nancing Administration indicate that, despite marked
increases in overhead, increasing numbers of practi-
tioners, and evolving disease patterns, constant dollar
net income per active dentist (i.e. removing the effects
of inflation) increased to levels higher than those before
the last recession.8.13.14

But while there are reports of increases in the percent
of children with dental visits and improvement in the
overall incomes of dental practitioners in the second half
of the 1980s, there are major demographic changes in
the family structure and employment activities, which
could affect the use of pediatric dental services in the
future. These developments call for changes in a den-
tist's approach to reaching and maintaining increased
numbers of children in an active practice. For example:

O In 1982, 5.8 million families with children were
headed by single women. By 1986, the number of
female-headed families increased by nearly a
quarter of a million. In 1986, one out of four chil-
dren under eighteen years lived in a single-parent
household.

[ In 1986, the majority of children five years old or
younger lived in households where both parents, or
the only present parent, were employed.

O In 1986, a majority of women with infants under a
year of age were in the workforce.

O In 1984, for the general population, 21 percent of all
births were by unmarried women. In addition, 59.2
percent of all births by blacks were by unmarried
women.

O In 1985, more than 20 percent of all children lived
in families with incomes below the poverty line.
And “low-income” children suffer dispropor-
tionately with higher rates of chronic disability and
lower utilization of medical and dental services.!>

From a national perspective, in the future, successful
practices of pediatric dentists increasingly must extend
services to nontraditional patient sources of the com-
munity.

Indeed, the “Norman Rockwell picture image” of
American children is changing dramatically. Just as den-
tal practices had to deal with technical and procedural
changes in the past, so too must the successful pediatric
dental practice of the future deal with the reality of the
social transformations of the American family.

There is little doubt that pediatric dentistry has
changed dramatically and has moved beyond the period

219 WALDMAN
USE OF DENTAL SERVICES

of dire forecasts. Projected increases in the number of
children, an increasing awareness of the need for, and
value of dental services, and increase in the number of
young parents whose own personal favorable experience
with dental services is associated with high-speed den-
tistry and other major technical and material advances,
increasing third party coverage, and an increase in the
percent of children using the services of dentists — all
augur favorably for the future of pediatric dental prac-
tice.

REFERENCES

1. Meskin, L. et al: Too many pedodontists? If so, what then? Pedi-
atric Dent, 4:119-123, June, 1982.

2. Waldman, H.B.: Verifying an oversupply of pedodontists: some
added factors. ] Dent Child, 50:101-105, March-April, 1983.

3. Waldman, H.B.: Pediatric dentistry in early and mid 1980’s: a
review of personnel and use of dental services. ] Dent Child,
54:49-53, January- February, 1987.

4. Waldman, H.B.: Increasing use of dental services by very young
children. ] Dent Child, 54:248-250, July-August, 1987.

5. Waldman, H.B.: Changing disease patterns of dental disease in
children and the use of dental services. ] Dent Child, 54:89-92,
March-April, 1987.

6. Waldman, H.B.: Another perspective on children’s dental needs
and demand for services during the 1980’s. J Dent Child,
54:344-348, September-October, 1987.

7. Waldman, H.B.: Dental practice costs increase: but dental prac-
tice continues to be favorable. NY ] Dent, 57:174-176, September-
October, 1987.

8. Waldo, D.R.: National health expenditures, 1986-2000. Health
Care Fin Rey, 8:1-36, Summer, 1987.

9. U.S. Department of Health and Human Services. Current Esti-
mates from the National Health Interview Survey: United States,
1986. Data from the National Health Survey, Series 10, No. 164.
DHHS Pub No. (PHS) 87-1592. Washington, D.C.; Government
Printing Office, October, 1987. (Additional unpublished data from
the 1986 study were supplied to the author by the National Center
for Health Statistics).

10. U.S. Department of Health and Human Services, National Cen-
ter for Health Statistics, Jack, S.S. Use of Dental Services: United
States, 1983. Advance Data from Vital and Health Statistics, No.
122. DHHS Pub. No. (PHS) 86-1250. Washington, D.C., Govern-
ment Printing Office, August 8, 1986.

11. U.S. Department of Health and Human Services. Dental Visits
Volume and Interval Since Last Visit: United States, 1978 and
1979. Data From the National Health Survey, Series 10, No. 138.
DHHS Pub No. (PHS) 82-1566. Washington, D.C., Government
Printing Office, April, 1982.

12. Survey of Dental Seniors: Summary Report, 1985; 1987. Wash-
ington, D.C., American Association of Dental Schools, n.d.; n.d.

13. 1979; 198284; 1987 Survey of Dental Practice. Chicago: American
Dental Association, n.d.

14, Waldo, D.R.: National health expenditures, 1985. Health Care
Fin Rev, 7:1-21, Fall, 1986.

15. U.S. Children and Their Families: Current Conditions and Recent
Trends, 1987. A Report Together With Additional Views of the
Selected Committee on Children, Youth, and Families. U.S.
House of Representatives, One Hundredth Congress. Wash-
ington, D.C., Government Printing Office, March, 1987.


http:recession.8.13.14

Behavior

220 MAY-JUNE 1988
JOURNAL OF DENTISTRY FOR CHILDREN

The effects of nitrous oxide

on anxious young
pediatric patients

across sequential visits:

a double-blind study
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Although nitrous oxide has acquired widespread
use as a tool for managing young dental patients, belief
in its usefulness in modifying anxiety appears based on
clinical impression and professional endorsement. Con-
siderable evidence documents the safety, ease of admin-
istration, and analgesic effect of nitrous oxide. No
controlled studies have been reported, however, which
clarify the immediate or long-term effects of its admin-
istration or discontinuation on anxiety and un-
cooperative behavior that young children commonly
manifest during dental treatment.

The primary objective of this study was to provide
data to permit objective examination of these clinical
impressions. The responses of subjects receiving nitrous
oxide were compared to children in two control condi-
tions, using a combination of behavioral observation and

Dr. Nathan is a Clinical Associate Professor, Department of Pediatric
Dentistry, Northwestern University Dental School; Visiting Associate
Professor, Department of Pediatrics, Rush University Medical Col-
lege; Diplomate, American Board of Pediatric Dentistry; Fellow,
American Academy of Pediatric Dentistry; in private practice limited
to pediatric dentistry, Oak Brook, IL.

Dr. Venham is in private practice limited to pediatric dentistry, Wind-
sor, CT.

Dr. West is Assistant Professor, Department of Pediatrics, University
of Texas Medical Center, Houston, TX.

Dr. Werboff is Professor, Departments of Psychology and Community
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physiological measures. Since dental treatment involves
repeated visits, a longitudinal approach was used to
study the child’s developing response to a series of den-
tal experiences. It was possible to assess not only the
immediate effect of nitrous oxide on children’s responses
to a specific treatment visit, but also its impact on the
emergence of coping skills across sequential visits. The
need for continued administration was also examined.

BACKGROUND

The pediatric dental literature reflects a need for an
effective management technique that reduces fear and
anxiety, encourages cooperative behavior, protects the
child’s self-esteem, and facilitates a positive interpreta-
tion of the dental experience. An increasing number of
pediatric dentists advocate the use of nitrous oxide as a
behavior management adjunct that potentially satisfies
these criteria. Surveys of pedodontic diplomates re-
ported 35 percent and 73 percent using nitrous oxide to
control behavior and reduce fear, in 1972 and 1981,
respectively.1'2 Another survey found 44 percent using
nitrous oxide and an additional 12 percent planning its
use in the future.® Seven percent reported using nitrous
oxide as their sole pharmacological agent for child man-
agement. Asked their reason, 48 percent cited patient
management considerations and 31 percent claimed im-
proved attitudes toward dentistry. Another study re-
ported that 60 percent of its practitioners use nitrous
oxide.? Nathan described ten specific applications in
which clinicians have considered nitrous oxide useful in
pedodontic practice.’

Some authors assert that children introduced to den-
tistry with nitrous oxide become excellent patients, co-
operative and motivated for treatment.5® These
clinicians believe nitrous oxide reduces emotional dis-
tress, facilitates communication, and assists the ap-
prehensive child in acquiring an improved acceptance of
dental treatment. They speculate that these cognitive
and emotional gains permit later treatment, without the
use or reliance on nitrous oxide.

While these clinicians have strongly advocated the
usefulness of nitrous oxide in pedodontic management,
none has presented substantive data supporting these
impressions. Only a limited number of studies have
attempted to evaluate the behavioral effects of nitrous
oxide on children undergoing dental treatment. Despite

The procedures, possible discomforts or risks, as well as possible
benefits were explained fully to the human subjects (parents or guard-
ians) involved, and their informed consent was obtained before the
investigation.
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considerable study of the analgesic properties of nitrous
oxide, psychomotor and amnesic effects, none has
provided objective support for the diverse clinical claims
related to anxiety reduction and enhanced coping abil-
ities in children.%22

A few studies have appeared which begin to address
these issues. Roberts et al reported nitrous oxide as
beneficial for sixty-five “severely anxious” children, ages
four to seventeen, across three visits using 20-30 percent
concentrations.? The study did not include a control
group; and the criteria for selection of patients and the
factors used in determining levels of anxiety were not
defined. In a follow-up blind, two- visit crossover involv-
ing twenty-four “nervous children,” (average age 8.5
years), Lindsay and Roberts compared a placebo with 50
percent nitrous oxide.2* They reported trends (not
reaching statistical significance) of less obtrusive child
behavior and clinician stress with nitrous oxide. An
interesting finding was that patient apprehension was
consistently less, during the second visit. Despite inad-
equate rating scales and unspecified criteria for selec-
tion of subjects, which limit the usefulness of the find-
ings, the role of the adaptation of experience and
potential operator variability were identified as impor-
tant variables for future study.

While previous studies lacked control conditions, an
exception is the work of Weinstein et al, who studied the
effects of nitrous oxide on 101 subjects (ages 3-12 years,
mean 7.7) treated in private offices of seven pediatric
dentists and eleven generalists, using a cross-over, tri-
ple-blind design.25 Children received either nitrous ox-
ide-oxygen or nitrogen-oxygen, with the crossover
implemented after the local anesthetic injection. With-
out imposing specific behavioral selection criteria, other
than permitting the dentists to identify children they
believed would benefit from nitrous oxide at their next
appointment, lag sequential analyses were done of inap-
propriate movement, verbal and nonverbal discomfort.

A detailed review of the literature regarding the use
and study of nitrous oxide in children by Nathan et al was
published.2¢

Previous longitudinal studies suggest that anxiety is
an ongoing phenomenon, which evolves in a complex
manner as experience accumulates.?”28 Research in-
tended to assess the impact of a particular technique on
the reduction of anxiety must be able, therefore, to
define and quantify anxiety objectively. As simplistic
notions have gradually been replaced with the recogni-
tion that anxiety is multidimensional, involving cog-
nitive, emotional, and experiential processes, several
approaches have been developed for its quantification.
Basic approaches have included self-report instruments,
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projective tests, behavioral observation and phys-
iological techniques in an effort to provide a composite
representation for the child patient. While each of these
approaches is subject to certain objections and restric-
tions, the ultimate problem resides in the fact that anx-
iety per se is an unobservable internal state that differs
markedly among individuals in its subjective and objec-
tive manifestations.2%

This study combines behavioral observation and
mean heart rate, to assess the developing responses of
anxious young subjects to nitrous oxide, across sequen-
tial dental experiences.

MATERIALS AND METHODS

Subject selection

Thirty-five children (ages 48-72 months without any
previous dental experience) with sufficient anxiety and
dental caries to warrant four restorative visits partici-
pated in the study. Recruitment was based on informa-
tion obtained at a screening visit, during which a
parental questionnaire and behavioral rating instrument
were used to identify dentally anxious and un-
cooperative subjects.

The parental questionnaire, Figure 1, representing
modifications of questionnaire items constructed by
Johnson and Baldwin and Wright and Alpern, intended
to tap variables predictive of children’s anxious behavior
at dental visits.3%3! Parental responses provided valu-
able information regarding their family’s dental attitudes
and experiences, the parent’s prediction of the child’s
behavior and anxiety level, and the child’s perception of
dentists, and the child’s dental status.

The Behavioral Screening Instrument (Figure 2) lists
six discreet, objectively defined, and mutually exclusive
behaviors, a child might manifest. While no data exist
with respect to the validity of these measures, it was
expected that their use would minimize possible inclu-
sion of nonanxious subjects.

All subjects were medically healthy, without psychi-
atric, neurologic, cardiovascular, or respiratory disor-
ders; children on medications, mouth-breathers, or
those with a history of vomiting were excluded. From
1,050 subjects screened from the University of Connect-
icut Pediatric Dental Clinic, thirty-five subjects met the
selection criteria. A full description of procedures was
given and voluntary informed consent was obtained.
Visits were postponed for any child presenting with
acute respiratory infections or congestion.

Figure 1 [] Parental questionnaire for screening visit

The information below will help the dentist to understand and treat your child.
Please answer all questions as carefully and honestly as you can. Thank you.
Has your child ever had a painful or upsetting facial injury?

Several times

Once or twice

Never

How does your child react to visiting the medical doctor? (Check one in each
column.) ‘

Not at all nervous
— Alittle nervous
Very nervous

Usually favorable
So-so

Usually dislikes
Has your child had visits to the medical doctor which he/she found very painful or
upsetting?

Several times
Once or twice
Never

How does your child react to injections?
Not at all nervous or upset about getting a shot.
— Alittle nervous or upset about getting a shot.
Very nervous or upset about getting a shot.

What have you told your child about this dental visit?
— 1told him/her a great deal about what dentists do.
— 1 told him/her a little about what dentists do.
— 1 told him/her nothing about what dentists do.

Does your child think anything is wrong with his/her teeth or mouth (cavity,
chipped tooth, canker sore, etc.)?

— My child definitely thinks something is wrong.

— My child is a little worried about his/her teeth.
My child is not worried at all about his/her teeth.

How do you react to visiting the dentist?
Not nervous at all

— A little nervous

Very nervous

How do you feel about bringing your child for his/her first dental visit?
Not nervous at all

— A little nervous

Very nervous

Has anyone close to your child had a painful or upsetting dental problem or dental
visit in the last couple of years?

Several of my child’s family or friends

—— One or two of my child’s family or friends

None of my child’s family or friends

How do you think your child feels about his/her first dental visit?

Not nervous at all

— A little nervous

Very nervous

Scoring: 0 = anxious response, 1 = mildly anxious response, 2 = very anxious,
Total possible: 22, Minimum Score needed for acceptance: 10.

Figure 2 [J Behavioral screening instrument

Mild or  Severe or
Absent Brief Persistent

Child resists entry to
examination room

Child resists getting into

ratory chair

Child assumes inaccessible
position in operatory chair

Child demands physical contact
with or proximity of mother

Child cries or expresses
negative affect

Child actively or physically
resists examination

Scoring: 0 = absent, 1 = mild or brief, 2 = severe. Total possible: 12
Minimum Score needed for acceptance: 4

Experimental procedures

Subjects were randomly assigned to one of three treat-
ment conditions:

Group I — No-mask or mention of nitrous oxide

Group II — Oxygen only (placebo)

Group III — Nitrous Oxide-Oxygen The behavioral
and mean heart rate responses of all subjects were evalu-
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ated over a series of six dental visits. The basic pattern of
the study appears below.

As the Chart to the right shows, children were exposed
to the experimental inhalant conditions only during re-
storative visits 1,2, and 3, under double-blind condi-
tions. Discontinuation of mask conditions for the fourth
restorative visit permitted assessment of potential carry-
over effect (or dependence on nitrous oxide to cope) of
nitrous oxide compared to the two control groups.

Dental visit protocol

Dental care for all children was provided by the same
operator (principal investigator, JN). The initial visit
consisted of a standard examination, prophylaxis, and
fluoride application. Each restorative visit included ap-
plication of topical anesthesia and local anesthetic injec-
tion, and isolation under rubber dam. The final visit
resembled the initial visit with polishing of the restora-
tions. Visits were scheduled at weekly intervals, when-
ever possible. Subjects were referred to the Oral
Radiology Department for all radiographs.

While performing dental procedures, the operator
attempted to maintain a consistent orientation toward
patient management. This orientation emphasized re-
spect for the cognitive level, behavioral capacities, and
emotional needs of each patient. The child’s emotional
expression was acknowledged and tolerated, although
firm oral restrictions were imposed, regarding poten-
tially harmful behavior.

A cooperative and positive attitude was encouraged
by a gradual process that combined patience, support,
and praise for desirable behavior. Procedures were ex-
plained and demonstrated in a relaxed, unhurried way
before being undertaken. It was anticipated that each
child would behave somewhat differently, and that the
dentist’s behavior would be responsive to these dif-
ferences. Thus it was not possible for each child to
experience identical dentist behavior. It was possible,
however, to standardize the dentist’s behavior to the
extent that the dentist could respond to specific child
behaviors in a similar manner across all subjects.

Inhalant delivery protocol

Subjects in the oxygen and nitrous oxide groups were
introduced to the nasal mask via a standardized tell-
show-do approach; all communications were given in a
well-modulated reassuring tone.

From an adjacent control room, inhalants were deliv-
ered by a trained anesthetist, using a portable analgesia
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Visit Type of Experimental groups
visit No-Mask  Oxygen Nitrous
(N=11) (N=13) (N=11)

1 Examination
ﬁrophvlaxis
uoride
2 Restorative
treatment 1 0, N0
K] Restorative
treatment 2
4 Restorative Double-Blind
treatment 3
5 Restorative
treatment 4
6 Examination
polishing

system that permitted precise regulation of con-
centrations. Activities in the operatory were observable
by means of a two-way mirror. Children in the oxygen
group received 100 percent oxygen at two to three liters/
minute. Nitrous oxide subjects received 20 percent ni-
trous oxide and 80 percent oxygen, initially. Subse-
quently, the anesthetist would adjust the concentration
as needed to produce optimal levels of relaxation and
cooperation, striving to maintain the child in plane 2 of
the analgesic stage, a state in which the child is relaxed,
but fully conscious.?2 From the initial 20 percent level,
the concentration level of nitrous oxide was raised in 10
percent increments, as needed, to a maximum of 50
percent. A minimum one-minute interval separated
each upward increment. Once the child achieved a re-
laxed state, the minimum nitrous oxide concentration
needed to maintain this state was delivered during the
duration of dental treatment. Concentrations ranged
from 20-50 percent, based on the changing responses of
the child. It was felt that titration by dose-response
would minimize or preclude inadvertent induction of
either excitement (from excessive flow) or inadequate
sedation (from too low concentration). Upon completion
of treatment, nitrous oxide was discontinued and 100
percent oxygen was delivered at four to five liters/min-
ute, for three minutes.

Measurement of mean heart rate

The attachment of precordial electrodes was accom-
plished in the context of a game, in an unhurried man-
ner, designed to minimize the extent to which the
recording procedures themselves might elicit anxiety.
Our experience has found that fearful children partici-
pate in the process, and quickly learn to do much of the
electrode attachment with minimal direction. The great-
est concern on their part seems directed toward the
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impending dental procedures. Following placement, a
short period was required for calibration of the phys-
iologic equipment, stabilization of the recording, and
measurement of baseline levels.

Continuous recording of mean heart rate occurred
across all visits with the focus on specific one-minute
intervals that corresponded to baselines (no dental pro-
cedures being done), placement of topical anesthetic,
injections, and cavity preparation. Standard correction
and transformation procedures were applied. Epstein’s
measure of mean heart rate variability was obtained and
median and semi-quartile ranges were computed, in the
event data became extremely skewed.3*% A technique
of autonomic lability scoring, developed to control for
the influence of the initial activity level on the magni-
tude of response, thus permitting comparison of re-
sponse patterns between individuals across repeated
measures, was adapted to the data-collection pro-
cedure. %6

Clinical ratings of uncooperative
behavior and anxiety

Venham’s clinical ratings of uncooperative behavior and
anxiety were used to provide global qualitative assess-
ments of the child’s response to injections and cavity
preparation (Figure 3).2% These ratings were based on
isolated videotape segments and were made by trained
judges naive to the experimental hypotheses and inha-
lant conditions. Coding the dental procedures enabled
analysis of behavior within specific procedures, as well
as across the total visit. It could be determined, there-
fore, whether certain procedures reliably elicit more
anxious and uncooperative behaviors than others. Both
inferential and descriptive analyses focus upon group
and individual responses, during specific anxiety
provoking intervals (i.e. administration of local anesthe-
sia and cavity preparation).

Table 1 [] Two-way analysis of variance with repeated measures for clinical ratings
of anxiety and behavior.

Variable Source DF Type 1SS F value  PR>F

During injection of local anesthetic across visits 2-5

Anxiety Group 2 0.81 9.96 0.0124*
visit 3 0.17 1.45 0.3184

Behavior Group 2 0.40 3.76 0.0874
visit 3 0.05 0.33 0.8052

During cavity preparation across visits 2-5

Anxiety Group 2 0.84 9.62 0.0134*
visit 3 0.17 1.34 0.3457

Behavior Group 2 0.83 7.84 0.0212*
visit 3 0.09 0.61 0.6344

*p < .05
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Due to the noncontinuous nature of the behavioral
ratings compared to the continuous mean heart rate
responses, analyses of these variables are presented
independently below.

RESULTS

Immediate and long-term effects of
nitrous oxide; impact of its discontinuation

CLINICAL RATINGS OF ANXIETY
AND UNCOOPERATIVE BEHAVIOR

Significant group differences were found during the in-
jection and cavity preparation phases, indicating a sub-
stantial positive benefit of nitrous oxide across the first
three restorative visits (Table 1). As seen in Figures 4a-d
differences were greatest on restorative visits 2 and 3.
For the most part, subjects receiving oxygen manifested
the highest levels of anxiety and uncooperative be-
havior.

Consistent with the findings of previous longitudinal
studies involving fearful young children, behavior dete-
riorated for both the no-mask and the oxygen groups as
experience accrued, particularly for the first three re-

Figure 3 [] Venham’s clinical ratings of anxiety and cooperative behavior?®

Anxiety Scale

0 Relaxed, smiling, willing and able to converse.

1 Uneasy, concerned. During stressful procedure may protest briefly and
quietly to indicate discomfort. Hands remain down or partially raised to
signal discomfort. Child willing and able to interpret experience as re-
quested. Tense facial expression, may have tears in eyes.

Child appears scared. Tone of voice, questions and answers reflect anxiety.
During stressful procedure, verbal protest, (quiet) crying, hands tense and
raised, (not interfering much—may touch dentist’s hand or instrument, but
not pull at it). Child interprets situation with reasonable accuracy and
continues to work to cope with his/her anxiety.

Shows reluctance to enter situation, difficulty in correctly assessing situa-
tional threat. Pronounced verbal protest, crying. Using hands to try to sto)
procedure. Protest out of proportion to threat. Copes with situation wit
great reluctance.

Anxiety interferes with ability to assess situation. General crying not related
to treatment. More prominent body movement. Child can be reached
through verbal communication, and eventually with reluctance and great
effort he/she begins the work of coping with the threat.

Child out of contact with the reality of the threat. General loud crying,
unable to listen to verbal communication, makes no effort to cope wit
threat. Actively involved in escape behavior. Physical restraint required.
Cooperative Behavior Scale

Total cooperation, best possible working conditions, no crying or physical
protest.

Mild, soft verbal protest or (quiet) crying as a signal of discomfort, but does
not obstruct process. Appropriate behavior for procedure, i.e. slight start at
injection, “ow” during drilling if hurting, etc.

2 Protest more prominent. Both crying and hand signals. May move head
around making it hard to administer treatment. Protest more distracting
and troublesome. However, child still complies with request to cooperate.
Protest presents real problem to dentist. Complies with demands reluc-
tantly requiring extra effort by dentist. Body movement.

Protest disrupts procedure, requires that all of the dentist’s attention be
directed toward the child’s behavior. Compliance eventually achieved after
considerable effort by dentist, but without much actual physical restraint.
(May require holding child’s hands or the like to start.) More prominent
body movement.

Gene(rial protest, no compliance or cooperation. Physical restraint is re-
quired.
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Figures 4a-d. Mean anxiety and behavior ratings during injections and cavity preparation

across visits 2-5.

storative visits. This trend toward increasingly negative
behavior contrasted sharply with nitrous oxide subjects
who sustained lower ratings across these visits, suppor-
tive of beneficial immediate and long-term drug effects.

Discontinuation of nitrous oxide on the fourth re-
storative visit did not result in a substantial deterioration
in the behavior of nitrous oxide subjects. Compared to
control conditions, this suggests learning was facilitated
by nitrous oxide in previous visits, to the extent that its
continued use was no longer necessary. Despite show-
ing some improvement, following the removal of experi-
mental conditions on the fourth restorative visit, the no-
mask and oxygen groups continued to manifest higher
levels of anxiety and uncooperative behavior than ni-
trous oxide subjects. While gradual improvement might
have been expected for all groups as experience accrued,
the rate of improvement for nitrous oxide subjects ap-
pears substantial.

MEAN HEART RATE

A consistent pattern emerging from the mean heart-rate
data was the extensive intra- and interindividual vari-
ability manifested during and across visits. As such,
differences within and between subjects across visits
and intervals within visits were significant (p<<.001). All
results testing for group differences, however, were non-
significant.

Table 2 [] Two-way analysis of variance of heart rate for visits 2-5 across
intervals 9 and 11.

DF Type I/IV F value PR>F
Interval 9 (injection of local anesthetic)
ID (group) 32 15772.48 4.46 0.0001
Visit 3 1199.73 3.62 0.0159
Group visit 6 416.44 0.63 0.7078
Group 2 768.29 0.78 0.4672
Interval 11 (cavity preparation)
ID (group) 32 18838.08 4.02 0.0001
Visit 3 158.42 0.36 0.7841
Group visit 6 187.33 0.21 0.9718
Group 2 1246.01 1.06 0.3589

As a single measure of physiologic arousal, believed to
reflect situational threat and anxiety, statistically signifi-
cant group differences were not found to support the
hypothesis of a beneficial effect of nitrous oxide, during a
specific restorative treatment visit.

In an effort to enhance the prospects of detecting
group differences, data sampling was restricted to in-
clude intervals particularly relevant to the clinician (i.e.
injections and cavity preparation). As seen in Table 2,
group differences were not found.

Descriptive assessment of the immediate effect of
nitrous oxide on heart rate, during a specific visit and
across the series of visits, is permitted in Figure 5.
Although it is not possible to make definitive inferences
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regarding what constitutes significant differences be-
tween groups, several observations described below are
suggestive of differences attributable to a drug effect.

Figure 5 plots the sequential responses of each group
across the series of visits for these stressful events, as
well as the baseline heart rate levels before and after.
From a clinician’s perspective, if nitrous oxide served to
reduce arousal during local anesthesia and cavity prepa-
ration, coupled with the behavioral observations made
previously, it might be possible to discriminate group
differences from these graphs.

DISCUSSION

An orientation which stresses the role of cognitive, adap-
tive, and learning processes, in anxiety and anxiety
management, supports the plausibility of nitrous oxide’s
effectiveness with the apprehensive child. Among the
psychological effects attributed to nitrous oxide are the
induction of a relaxed state accompanied by a sense of
safety and well-being and a reduction in the aversive
quality of stimuli. If nitrous oxide produced such effects
in the apprehensive child, it should function to reduce
the child’s emotionality in the novel dental situation.
Consequently, it should decrease the child’s excessive
vigilance, prevent distorted perception of potentially
stressful stimuli, and facilitate recognition of positive
aspects of the dental situation.

Since the child can learn and retain new information
under nitrous oxide analgesia, conditioning processes
that facilitate coping and adaptation should occur. As the
child is exposed to dental stimuli in the context of an
emotionally relaxed and subjectively pleasant state,
positive associations toward dental care may accrue
through classical conditioning. This naturalistic process
would tap elements of the “desensitization” pattern, in
which the subject is trained to pair a relaxed state with

anxiety-provoking stimuli. Elements of operant con-
ditioning would also be expected to occur. If the child
behaves more cooperatively under nitrous oxide, rein-
forcement by the dentist for this cooperative behavior
would be expected to occur. Furthermore, the child’s
developing coping skills would prove self-reinforcing,
since the child would experience a sense of success in
coping with a stressful situation. Thus the acquisition of
adaptive coping skills should be facilitated.

It was hypothesized that nitrous oxide would reduce
the child’s dental anxiety, without disrupting the learn-
ing process that occurs across sequential visits. It was
predicted that nitrous oxide exposure would facilitate
behavior management of the anxious child, reduce fear-
fulness, and accelerate adaptation to dental stress. As
coping skills developed, it should be possible to discon-
tinue nitrous oxide administration, while maintaining
the patient’s improved attitude toward treatment.

Throughout the course of the study, several issues
emerged which bear on the ability to address the spe-
cific aims of the project. Discussion will now focus on
those issues most critical to this project and future ni-
trous oxide studies in children.

Effects of nitrous oxide on the
frequency and degree of
uncooperative behavior

It was expected that the frequency and degree of un-
cooperative and interfering behavior would be less for
nitrous oxide subjects. Although certainly not to be
construed as a sensitive indicator, the data, nev-
ertheless, did not reflect such an effect (Figure 6). Oxy-
gen subjects appeared, however, to display the most
negative behavior and in this regard, no placebo effect
was observed. It was not surprising to see heightened
anxiety under conditions where subjects were misled to
believe breathing through the mask would result in



relaxation. Although initially hopeful, upon realization
that their fears were not resolved, ensuing mistrust and
deterioration of cooperation would be understandable.
A decrease in the need for restraint to accomplish
treatment would be indicative of a positive and longer-
term residual effect of nitrous oxide. Conversely, more
accurately reflected is the limited potency of nitrous
oxide to overcome more severe apprehension. It was not
surprising, therefore, that despite indications of a bene-
ficial effect of nitrous oxide, a few subjects manifesting
heightened anxiety were not favorably affected.

Assessment of operator blindness

Determination of whether the operator could remain
blind to the identity of the inhalant conditions was an
important and complex issue in the design of the study.
From an observational perspective, if nitrous oxide pro-
duced relaxation, the operator should have been apt to
discriminate correctly between inhalants. Making pre-
dictions after each visit, the operator was correct 72.7
percent of the time. For within-subject analysis across
visits, however, the operator was correct only 54 percent
of the time. He was either partially or completely incor-
rect, therefore, in predicting group identity on the basis
of behavioral responses, in 46 percent of the cases.
Although this supports the maintenance of blindness, it
does not favor a positive drug effect. Despite efforts to
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maintain a consistent orientation toward patient man-
agement, the impact of possible operator bias on subse-
quent patient management and expected responses,
after having made predictions, is not known.

The effect of the nasal mask

Inclusion of the oxygen group was expected to provide
data to evaluate potential placebo effects of the mask
itself Several possible explanations exist to account for
why some may derive positive benefits, while others
display increasingly negative reactions.

For some children, the mask might be perceived
initially as threatening and would augment anxiety and
uncooperative behavior. Others would accept it with
reluctance and anticipate it would help reduce their fear.
In one instance, introduction of the mask was met with
severe oral and physical protest behavior, judged un-
manageable in the context of the research setting; treat-
ment was later performed, using an alternative

~ modality. Ordinarily, one might expect a placebo effect,

if a child is told in a soft and reassuring tone that
breathing “happy air” through the mask would help
them to relax; the data did not appear to support this
effect, however.

One possible benefit of the mask would include its
visual obstruction of oncoming noxious stimuli (anes-
thetic syringe, rubber dam forceps, or drill). The impact

Figure 6. Group distribution of anxiety rating scores during injection of local anesthetic and
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of viewing (or not viewing) these instruments on subse-
quent behavior is at best unpredictable. Some may re-
spond better by not seeing the “needle.” Frequently,
however, fearful subjects anticipating the worst, insist on
seeing these instruments. At this point, the dentist faces
adilemma. Failure to comply with the child’s request, or
worse, being “caught in the act” of concealing the syr-
inge is likely to cause mistrust and can only serve to
communicate a genuine reason for the child to be
alarmed. Alternatively, permitting the child to view a
threatening instrument can serve to confirm or exagger-
ate the child’s fear of the impending event. From the
child’s perspective, justification for ensuing escape and
noncoping behavior is ample under both circumstances.
A tell- do approach was used, accompanied by demon-
stration on demand. In these cases, the mask neither
concealed oncoming stimuli nor ameliorated the child’s
negative perception of the event. The fact that oxygen
subjects manifested more negative behavior than the
non-mask or nitrous oxide subjects strongly suggests the
absence of a placebo or beneficial effect. The improved
responses of nitrous oxide subjects supports the premise
that nitrous oxide reduced the aversive quality of stim-
uli, reduced excessive vigilance, and facilitated a more
realistic or favorable appraisal of the threat imposed by
the injection and drilling.

Implications for future study

Evaluation of the efficacy of anxiety management tech-
niques, particularly in children, is a complex task. Nu-
merous design pitfalls and difficulties in the qualitative
and quantitative measurement of anxiety can be ex-
pected.

One major difficulty lies in identification of adequate
sample sizes with defined levels of apprehension and
sufficient dental disease to permit longitudinal trials.
When studying an agent that has a capacity to reduce
only mild to moderate levels of anxiety, such as nitrous
oxide, selection criteria and screening measures must
be successful in parcelling out both nonanxious and
heightened levels of anxiety. Rather than rely on screen-
ing instruments, future studies may seek to include only
dentally experienced subjects with documentable be-
havior, or delay imposing inhalant conditions until a
second restorative visit.

Similarly, concern exists relative to the sensitivity of
the behavior rating scales. Those used in this study
provided a qualitative behavioral summary score during
specific treatment procedures. Mechanisms are needed
by which behavioral response patterns can be quantified
to reflect the frequency, duration, and intensity of be-
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haviors and signs of anxiety to permit meaningful time-
course comparisons across behavioral and physiologic
factors. Weinstein’s research group has contributed
greatly in this area.2’

The practicality and interpretability of physiologic
data obtained from children is controversial. Although
recorded with relative ease, heart rate data display wide
intra- and interindividual variability. It is not surprising,
therefore, that the magnitude of the response differen-
tial between experimental conditions must be large to
detect significant differences statistically. Furthermore,
what standard deviation in heart rate constitutes a
clinically significant difference is neither clear nor easily
defined. On one hand, given the variability in response
patterns, the need for multiple physiologic factors
seems warranted, to provide a composite representation
of internal and unobservable phenomena. On the other
hand, just how many sensors can be applied to a young
child without provoking greater anxiety? While other
measures are available (e.g. skin conductance, EMG,
respiratory rate), their recording and interpretation are
exhaustively intricate and highly sensitive to artifacts
associated with movement, not the least of which is
simplified in children. Nevertheless, the inclusion of
parental assessments, projective tests, observational rat-
ings, and multiple physiologic measures would seem
useful in cross-validating each other and ensuring that
important behavioral dimensions are not missed.

Another issue future studies may consider is the po-
tential merit in analysis of fluctuations in nitrous oxide
concentrations delivered over a period of time. For ex-
ample, was less (or more) nitrous oxide needed at subse-
quent visits to maintain improved behavior? Assuming
subjects were adequately anxious at the outset, the need
for lower concentrations would favor a positive immedi-
ate and long-term effect of nitrous oxide; conversely, if
higher concentrations were needed as experience ac-
crued, then either inadequate concentrations were
given at previous visits, or nitrous oxide is less than
effective. In either case, to make use of this factor as a
reflection of the efficacy (or lack of) of nitrous oxide, two
conditions must be well-controlled. First, as alluded to
earlier, pretreatment anxiety levels must be adequate,
and second, the relative openness of the mask delivery
system must be reduced. Dilution with ambient air due
to poor mask seal, further complicated by
mouthbreathing, the onset of crying and accompanying
nasal congestion are difficult factors to control, since
they all contribute to a need for higher flow rates than
actual pulmonary-alveolar uptake. Nevertheless, this
seems worthy of investigation.

A final concern relates to the applicability of the re-



search findings to the clinical context. Arguments could
be made that the findings have limited generalizability
to pedodontic practice, since the procedures and en-
vironment differ markedly from those in the typical
dental office. Need exists for objective data bearing on
this question. Only by comparative study of children’s
responses in both the research and typical office settings
can this be addressed. It might be hypothesized that any
difference between research and office settings would be
no greater than the differences between the private
practices themselves.

CONCLUSIONS

O Nitrous oxide was found to have a significant effect
on reducing mild to moderately anxious and un-
cooperative child behavior, during the most
stressful periods of a dental visit.

U Due to limited sample size and wide intra- and
interindividual variability, clarification of group dif-
ferences for mean heart rate was not possible. All
trends suggest, however, nitrous oxide did serve to
reduce arousal during the injection and cavity prep-
aration phases of a visit.

O Evidence now exists that nitrous oxide does facili-
tate coping at subsequent visits. Further long-
itudinal data that examine larger populations and
more visits are needed to clarify this interaction and
the timing for which nitrous oxide can be discon-
tinued without a deterioration in behavior or a
dependence on nitrous oxide, to cope.

[0 On the basis of the sample studied, nitrous oxide
was not an effective management tool to overcome
severe anxiety and uncooperative behavior; under
such circumstances, its use as the sole anxiety man-
agement strategy is not warranted.

SUMMARY

Nitrous oxide has acquired widespread use as a tool for
managing young dentally anxious children. Clinical im-
pressions have suggested it eliminates uncooperative
behavior while alleviating anxiety and facilitating coping
skills. Data to support these claims documenting the
effects of nitrous oxide across sequential visits has not
previously been presented.
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Research which attempts to clarify the impact of a
particular intervention on anxiety reduction, the de-
velopment of coping skills, or the modification of patient
attitudes toward care can anticipate numerous and com-
plex methodological obstacles. Nevertheless, it seems
important that longitudinal approaches which examine
the anxiety process prospectively are necessary to clarify
the immediate and long-term consequences of proposed
anxiety management strategies. Further work seems
particularly urgent to develop improved methods, in
which to assess and measure childhood dental anxiety
and the impact of strategies directed at its reduction.
Further study which addresses these issues is needed to
guide best the effective and appropriate use of nitrous
oxide for the pediatric patient.
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Demineralized enamel is a suitable substrate for fissure sealant adhesion provided the
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during acid etching are equal in depth. In the case of enamel lesions there is neither the
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lesion tissue as a result of etching, but to achieve a retentive prismatic pattern after acid

etching the etching time should not exceed 60 s.
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231 MAY-JUNE 1988
JOURNAL OF DENTISTRY FOR CHILDREN

The role of coping in children’s
adjustment to the dental visit

Delivery of optimal dental care to children depends
on the dentist’s ability to guide the patient behavior of
the child. Toward this goal, the concept of coping has far-
reaching implications for the pediatric dentist. Coping
refers to the “cognitive and behavioral efforts made by
individuals to master, tolerate, or reduce” a stressful
situation.! The dental visit may be considered a stressful
event for many children, engendering a variety of anx-
iety reactions.23 During such an event, children may
initiate active and purposeful efforts on their own to
cope with the requirements of the situation (e.g., the
need for behavioral restraint) and with their own emo-
tional reactions to the procedures (e.g., the experience
of fear and pain).

Coping efforts may be behavioral or cognitive in
nature. Behavioral coping efforts are physical or verbal
activities in which the child engages to deal with the
stressful event. Behavioral coping efforts are overt and
may be quite apparent to the dentist, as when a child
asks questions to obtain information about upcoming
procedures. Cognitive coping efforts involved the ma-
nipulation of cognitions or emotions. These efforts tend
to be silent or covert and may not be readily apparent to
the dentist, such as when a child thinks reassuring
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thoughts, in order to feel calmer. Such cognitive coping
efforts, although silent and often unnoticed, may play a
major role in the child’s ability to deal successfully with
treatment, and to form a positive lasting impression of
the dental experience. An awareness and understanding
of such processes may enable the dentist to influence
children’s use of coping responses, thereby creating an
optimal treatment situation.
The purpose of this paper is
0 To make the dentist aware of the structure, com-
plexity, and significance of coping strategies by in-
troducing some of the research literature on coping.
[0 To summarize the results of two recent studies by
the authors on children’s self-initiated coping
efforts in the dental situation.
OTo explore the implications for dentists treating
children.

HIGHLIGHTS FROM THE COPING LITERATURE

Studies with adults

The concept of coping has in recent years begun to play
an increasingly central role in studies of stress manage-
ment among adults. Efforts have been made to develop
classification systems for the diverse modes of coping
that have been identified in adult samples. The rela-
tionships between such coping behaviors and adjust-
ment have also been studied.*7 Inferences about



children’s coping processes during dental treatment may
be drawn from such investigations. Of particular note are
two large-scale studies conducted by Folkman and
Lazarus and Pearlin and Schooler.>¢ Folkman and
Lazarus identified a number of “problem-focused” cop-
ing strategies (e.g., seeking information, inhibiting ac-
tion, and direct action) and “emotion-focused” coping
responses (e.g., avoidance, detachment, and fantasy)
used by individuals to deal with various life stressors. It
was found that both categories of coping were used in
nearly every stressful situation. The nature of the situa-
tion played an important role, however, in determining
the types of coping responses used. Work situations
favored problem-focused coping, whereas health situa-
tions were characterized by emotion-focused coping.
When individuals felt something constructive could be
done to effect change, they tended to use problem-
focused coping responses. Circumstances that were
viewed as needing to be accepted and tolerated pulled
for emotion-focused coping.

Pearlin and Schooler found that cognitive or percep-
tual responses that function to “control the meaning of
the problem” were the most commonly reported coping
responses among a sample of adults. For example, they
found that “positive comparisons” (attempts to judge
conditions to be less severe than those faced by others or
by oneself in the past) were found to be effective in
dealing with marital and parental stresses. “Selective
ignoring” (focusing on the positive attributes of a situa-
tion) was found to be effective in dealing with economic
stresses. They concluded that many life strains do not
permit direct intervention. Finally, the authors found
that the variety of coping responses used by any one
individual was a better predictor of adjustment than the
use of any particular coping strategy alone.

Since there are many potentially stressful situations in
which direct action is limited (e.g., illness, hospitaliza-
tion, death of a loved one), coping strategies that do not

involve direct behaviors, but are instead silent, taking

place on a cognitive or emotional level, have been re-
ceiving increasing attention in the research literature.
“Intrapsychic” or emotionally-based processes, such as
defensive denial and avoidance (e.g., efforts to deny the
inevitability of the upcoming event or of the stress it will
engender, or efforts to avoid dealing with or thinking
about the stressful situation), were perhaps the earliest
of such strategies to be examined. Similar to the above
recent findings, the results of investigations suggested
that these emotionally-based coping responses tend to
facilitate adjustment, when there are few opportunities
to alter a stressor, such as during the recovery period
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from a myocardial infarction or surgery.®? Direct action
or behavioral strategies, such as information-seeking,
may actually be detrimental in such situations.® There
are situations, however, in which direct action can and
should be taken, as when chest pain signals heart dis-
ease or a lump in one’s breast might indicate cancer.1%-1!
In such situations, emotionally-based strategies are
probably maladaptive.

One of the earlier cognitive coping processes to be
examined was “mental rehearsal” or “worry work”,
meaning the process of forming realistic and accurate
thoughts and images in anticipation of an upcoming
event. Janis found that these coping responses, when
employed by adults in anticipation of surgery, were
related to good postsurgery adjustment.!213 More re-
cently, cognitive strategies such as cognitive reappraisal
(appraising the situation in a less threatening, more
positive way), comforting self-talk (talking to oneself in a
soothing, stress-reducing way), distraction, and positive
self-reinforcement have become the subject of investiga-
tion. It has been found that adults who tend to master
anxiety-provoking situations with low anxiety report
using significantly more cognitive coping strategies than
do highly-anxious, unsuccessful subjects.1*15

Cognitive coping strategies also have been taught to
adults and found to be effective among individuals expe-
riencing noxious laboratory and medical procedures and
painful medical conditions.’622 For example, Langer
and his colleagues found that adult surgery patients
receiving preparatory information in addition to training
in cognitive reappraisal, attention-diverting thoughts
(distraction) and calming self-statements demonstrated
less pre and postoperative stress than those patients who
received only preparatory information.!” Brown re-
ported that individuals with chronic migraine headaches
who were taught to use cognitive strategies reported a
significant reduction in headache activity compared to
controls. 2!

The potential significance of these findings for the
pediatric dentist is great. Based on this research, one
might infer that silent coping strategies (e.g., those that
are emotionally and cognitively based) would tend to be
the most prevalent and the most effective for children in
the dental setting, a situation that clearly allows for little
opportunity to effect change, requiring instead, pas-
sivity, tolerance, and behavioral restraint. Further,
based on the Pearlin and Schooler study, one might
expect that children who have a varied repertoire of
coping behaviors may do better than those who limit
themselves to one or two particular strategies.?


http:strategies.23
http:subjects.14.15

Studies with children

Although researchers are becoming increasingly sophis-
ticated about how adults cope with pain and stress, less
is known about children. Studies have focused primarily
on teaching children to cope with conditions that
threaten psychological or physical discomfort. For ex-
ample, Kanfer, Karoly and Newman demonstrated that
children trained to make self-statements focusing on
their competence (i.e., “I am a brave boy”) were able to
tolerate the dark for significantly longer periods of time
than children trained to elicit irrelevant self-statements
or statements focusing on the positive aspects of being in
the dark.?* Peterson and Shigetomi found that children
prepared for elective tonsillectomy with a combination
of (1) information, (2) coping skills training (relaxation,
distracting imagery, and comforting self-talk methods)
and (3) modeling (e.g., witnessing another individual go
through the procedure successfully) were significantly
more cooperative and calm during invasive procedures
than children receiving either of those preparations
alone.? The “coping-alone” group, however, performed
significantly better than either of the other two groups.

In the dental situation, Siegel and Peterson found that
preschool children taught such coping skills as relaxa-
tion, pleasant imagery, and calming self-talk, in addition
to receiving sensory information, demonstrated signifi-
cantly less distress during restorative procedures than a
control group.26 Similarly, in another study, children
receiving instruction in relaxation and positive self-talk
(e.g., calming thoughts, positive reappraisals, and self-
reinforcement) exhibited fewer stress-related behaviors
during dental procedures than children in attention con-
trol and no-treatment groups.2” Melamed and her col-
leagues have also shown that filmed modeling is associ-
ated with good outcome in both surgery and dental
situations, and have speculated that children may learn
coping skills by watching another individual master a
stressful situation.?8-3 They found that such factors as
the child’s age and dental experience, however, had a
significant influence on children’s abilities to benefit
from such models.?® Such factors may also affect how
well children can learn coping skills that are taught to
them directly, although this has not been well re-
searched. Personal coping styles or tendencies may ad-
ditionally contribute to children’s abilities to learn from
coping skills training. In fact, theorists have recently
begun to emphasize the importance of identifying and
reinforcing the self-developed coping strategies that in-
dividuals employ independently, instead of teaching
new strategies. Some believe that individuals may em-
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ploy coping responses on their own that are more effec-
tive than those they are taught.31:32

Little is known about the kinds of coping strategies
children employ spontaneously under stress. Only pre-
liminary research has been conducted in this area. For
example, in one study, a number of coping responses
used by children were identified by having these chil-
dren imagine how they might cope, if they were to find
themselves in a particular situation (i.e., receiving an
anesthetic injection at the dentist’s office or giving a class
report).3? Children were also asked to recall a stressful
event and to report retrospectively the coping strategies
they used at that time. Coping strategies such as positive
self-talk, diversion, and relaxation were identified.! The -
investigators found that the number of “copers” in-
creased with age and that “copers” reported significantly
less trait anxiety (chronic anxiety) than non-copers. Be-
cause this study did not observe children under actual
stressful conditions, it may not reflect how children
would actually cope with a stressful event. Investiga-
tions are needed to identify the coping strategies used
by children in actual stressful situations, such as the
dental visit, and to determine the effectiveness of such
strategies in helping children to adjust to the particular
demands of that situation.

SUMMARY OF TWO STUDIES ON
CHILDREN’S COPING EFFORTS

Recently, the authors conducted two investigations that
focused on identifying and evaluating children’s spon-
taneous coping behaviors in the dental setting. In the
initial study, a number of behavioral coping responses
(e.g., physical and verbal activities engaged in to deal
with the stressor) and cognitive coping strategies (e.g.,
the manipulation of one’s cognitions and emotions to
deal with the stressor) were identified through explora-
tory interviews and observations of eight- t.; ten-year-old
children who received restorative dental treatment at
the pediatric dental clinic of the Case Western Reserve
School of Dentistry.?435 The strategies observed and
reported in interviews were then categorized, using the
coping literature as a guide. Three categories of be-
havioral coping were identified: information-seeking;
support-seeking; and direct efforts to maintain control.
In addition, five categories of cognitive coping were
identified: reality-oriented working through; cognitive
reappraisal; emotion-regulating cognitions; behavior-
regulating cognitions; and diversionary thinking. Defi-
nitions for these strategies are presented in the Table,
along with sample responses from children’s coping in-
terviews. 35


http:groups.27
http:group.26
http:alone.25

Table [] Coping strategies in the dental setting.
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3 Strategy

Definition

Sample interview
responses

Behavioral coping
Information-seeking

Support-seeking

Direct efforts to
maintain control

Cognitive coping

Reality-oriented
working through

Cognitive reappraisal

Emotion-regulating
cognitions

Behavior-regulating
cognitions

Diversionary
thinking

Attempts to obtain information by
asking questions, vigilant watch-
ing, feeling inside the mouth, or
inspection of instruments.

Attempts to establish a supportive
relationship with the dentist or
assistant, involving verbal and/or
physical contact.

Child attempts to participate ac-
tively in the treatment process or
to set limits.

Realistic and accurate thoughts
about dental procedures, and
planning efforts.

Attempts to reduce the aversive
aspects of the situation via pur-

oseful cognitive restructuring
&.g. attention to positive features
or minimization of negative fea-
tures) or defensive processes (e.g.
avoidance, denial).
Self-statements or thoughts re-
flecting attempts to alleviate fears
and discomfort.

Self-statements or thoughts re-
ﬂectiniefforts to regulate or con-
trol behavior during treatment.

Attempts to divert one’s thoughts
away from the dental situation.

“When he pressed with the
tool it hurt, so I figured I had
a cavity and he was going to
give me a filling.”

“I remember this from the
last time. He’s going to give
me the sleepy juice and it's
going to feel like my tooth
went to sleep.”

“I tried to think only good
thoughts, like that I would

et a prize.” "I told myself
that the shot was just squirt-
ing water, and it wasn't going
to go into my skin.”

“I'said to myself, God is with
you, so don't worry.”
“Itold myself that it would be

over soon and that everything
would be O.K.”

“I told myself to be still.”

“I thought that I should just
lie back and relax so that the
dentist could get his work
done quicker.”

“I tried to ooncen;lrate on that
Muppet Poster hanging on
the wall.”

“I imagined 1 was playin
basketball with my fl'iencls.'s

The study revealed that every child in the sample
made some effort to cope, and that most children used a
variety of cognitive and behavioral coping strategies.4:35
Cognitive coping strategies were found to be significant
predictors of adjustment (e.g., low self-reported dis-
tress, and low anxiety, as observed by the dentist).34
Specifically, the greater the number and the variety of
cognitive responses, the better children’s adjustment.
This was not the case for behavioral strategies, which in
some cases, were actually related to poor outcome (e.g.,
anxiety-related disruptive behaviors and low coopera-
tion, as judged by the dentist). The greater prevalence
and effectiveness of cognitive coping strategies during
the dental visit, as opposed to behavioral strategies, is
consistent with much of the adult coping literature, as is

the effectiveness of using a variety of different coping
strategies.

A second study was then conducted to explore further
the nature and efficacy of children’s cognitive coping
strategies, during standard restorative treatment.36:37
This study attempted to refine the methodology of the
initial investigation and was conducted in a single pri-
vate pediatric dental practice with seven-through-ten-
year-old children. The results of this study again indi-
cated that the majority of children used some form of
cognitive coping during the visit. As in the first study, it
was also found that the greater the number and variety of
coping cognitions children used, the better were chil-
dren’s adjustments during treatment (e.g., fewer anx-
iety-related disruptive behaviors). These relationships



remained significant, when experiential factors, such as
age, number of visits to the dentist, and amount of
restorative treatment received were each statistically
controlled for.

In terms of the specific types of cognitive coping
strategies elicited, and their relative effectiveness, real-
ity-oriented working through (e.g., I bet he’s going to
use the bur like the last time”) was the most frequently
employed strategy, followed by cognitive reappraisal
(e.g., “this isn’t as bad as it could be”) and emotion-
regulating cognitions (e.g., “everything is going to be
0.K.”). Behavior-regulating cognitions (e.g., “I've got to
sit still”) and diversionary thinking (e.g., counting the
dots on the ceiling) were the least frequently reported
strategies. Reality-oriented working through was found
to be most significantly related to all indices of adjust-
ment (e.g., low frequency of anxiety-related disruptive
behaviors; low self-reported distress; low anxiety and
high cooperation, as judged by the dentist). Emotion-
regulating cognitions and cognitive reappraisal were
also related to a low frequency of anxiety-related be-
haviors.

Implications for the dentist treating children

Perhaps the simplest and most straightforward con-
clusions are that children are extremely active in their
use of silent coping, in the dental setting; and that such
strategies are highly structured. Children of this age use
a rich variety of coping responses. Such strategies ap-
pear to be effective in managing the internal perceptions
and emotions that are aroused in the dental situation
(e.g., anxiety, fear, threat).

A major finding is that children’s use of coping relates
to their behavior in the dental setting. At the very least,
further research can probably establish predictors of
children’s adjustment. A next step might be the develop-
ment of a set of interventions to guide favorably chil-
dren’s behavior in the dental setting. Recognition of
coping cognitions and intervention by the dentist may
be most useful for the child struggling to maintain coop-
erative behavior. Timely response by the dentist to spe-
cific strategies may make the difference between cooper-
ative and uncooperative behavior by the child.

Cognitive coping strategies can enable children to

[ Maintain realistic perspective on the events at hand

(reality-oriented working through).
[ Perceive the situation as less threatening (cognitive
reappraisal). .

[0 Calm and reassure themselves that everything will

be all right (emotion-regulating cognitions). The
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dental visit can be associated with physical discom-
fort and is not amenable to change through direct
action; it may, therefore, actually pull for coping
strategies that directly function to regulate disturb-
ing internal experiences and help the child to main-
tain some degree of psychological comfort.

The dentist may play a role in encouraging the use of
effective coping strategies. Based on the author’s studies
of the dental visit, it was found that reality-oriented
working through was the most frequently reported cop-
ing strategy and the strategy most highly correlated with
adjustment.36:37 The fact that the dentist systematicallv
prepared children for treatment by describing and dem-
onstrating the upcoming procedures (“tell-show-do”)
may have influenced both the choice and effectiveness of
this particular coping strategy. One might speculate that
the dentist’s explanations were internalized by children
and applied during the actual treatment process to help
them cope with the procedures.

It is important for the dentist to tolerate individual
differences and to encourage use of coping strategies
that are natural for that child. The implication is that the
dentist can play an important role in shaping children’s
coping strategies and encouraging their mastery at-
tempts during the dental visit. Research on how dentists
may systematically work to encourage children’s natural
coping tendencies is warranted. The dentist’s recogni-
tion of specific coping strategies may be followed by
appropriate techniques to enhance the child’s use of
natural coping abilities. This should improve the child’s
outlook and cooperation and would be a significant con-
tribution to oral health wellness.
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known that infants can from the first day of life smell, see, and hear. Cognitive
competence explains how and why an infant explores a nursing mother’s fingers and

studies her face.
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Croll, Theodore P.: Glass ionomer-
silver cermet class II tunnel- restora-
tion for primary molars. J Dent
Child, 55:177-182, May-June, 1988.
Tunnel preparations preserve the ana-
tomical marginal ridge and minimize
the loss of healthy tooth structure adja-
cent to the carious lesion. When the
practitioner has developed proficiency
in restoring class II carious lesions with
tunnel restorations, less treatment time
is required than with traditional class 11
preparations. The technique for restor-
ing a primary first molar with a class II
carious lesion, using a tunnel prepara-
tion and Ketac-Silver restorative mate-
rial is described.

Restoration; Tunnel-type prepara-
tions; Primary molars

Wellfelt, Boel and Varpio, Mirja: Dis-
turbed eruption of the permanent
lower second molar: treatment and
results. J Dent Child, 55:183-189,
May- June 1988.

To facilitate treatment of impacted lower
second molars, different modes of treat-
ment were studied retrospectively and
the results related to the inclination and
the degree of impaction of the tooth.
Seventy-seven referred patients were
treated with one of three basic methods:
denudation of the second molar, ortho-
dontics, or extraction of a molar. The
methods were often combined, with a
total of seventeen treatment combina-
tions applied. Of the 95 impacted teeth,
68 percent were treated successfully, 21
percent acceptably, and 11 percent un-
successfully. Irrespective of the degree
of retention, the treatment of mes-
ioangular impaction was most suc-
cessful. The partially retained molars in
the distoangular and vertical positions
were particularly resistant to treatment.
No method was superior to the others.
Denudation could suffice, but usually a
molar had to be extracted because of
crowding. Orthodontic treatment was
sometimes necessary to obtain correct
axial inclination.

Second molars; Impaction; Erup-
tion; Orthodontics

ABSTRACTS

Thater, Marga and Maréchaux,
Sabine C. Induced root apexification
following traumatic injuries of the
pulp in children: follow-up study. J
Dent Child, 55:190-195, May-June,
1988.

Of twenty-five cases presented here,
eighteen were boys and seven were girls
who required apexification through De-
cember 1986. Nine teeth were consid-
ered treatment failures after a 9.5-year
follow-up period. With these nine cases,
however, five teeth to date have had suc-
cessful endodontic treatment. Addi-
tional follow-up time (5-8 years) is
required to evaluate the final outcome
of pulp canal therapy applied in cases of
traumatized maxillary permanent in-
cisor teeth, with incomplete root forma-
tion.

Root apexification, induced; Inju-
ries, traumatic; Root formation, in-
complete

Lee, George T.R.: Utilization of natu-
ral tooth in acid-etch bridging. J Dent
Child, 55:201-204, May-June 1988.

This report reviews nine cases where
despite the wide range of treatments
applied to the dentition after a trau-
matic episode, tooth loss was inevitable

and the crown of the damaged tooth was
used as a pontic for an immediate
bridge. Advantages and disadvantages
are reviewed.

Injuries, traumatic; Tooth loss;
Bridges, temporary

Hattab, Faiez; Wei, Stephen H.Y.;
Chan, Daniel C. N.: A scanning elec-
tron microscopic study of enamel
surfaces treated with topical fluo-
ride agents in vivo. ] Dent Child,
55:205-209, May-June, 1988.

The morphological appearance of
human enamel treated with topical fluo-
ride (F) agents was studied. Maxillary
acrylic appliances carrying enamel sec-
tions were worn for 24 hours following 5
minutes of topical application of either:
neutral NaF gel-drops; APF gel; or Du-
raphat varnish. All F treatment induced
surface coatings composed of globules,
suggestive of CaF,, with sizes varying
according to the particular F agent.
Prolonged retention of F-rich surface
coatings may act as a reservoir of F
supplement to the enamel microen-
vironment.

Fluoride treatment, topical; Mor-
phology; Enamel, human; Ap-
pliances, acrylic
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