
A SD G ERICAN SOCIETY OF DENTISTRY FOR CHILDREN 

NOVEMBER-DECEMBER 1987 

JOURNAL OF DENTISTRY FOR CHILDREN 


Look to this day! ... 
For yesterday is but a dream, 
and tomorrow is only a vision; 
but today well-lived makes every 
yesterday a dream of happiness, 
and every tomorrow a vision of hope. 
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OFfEN DO THE SPIRITS 

OF GREAT EVENTS STRIDE ON BEFORE THE EVENTS, 

AND IN TO-DAY ALREADY WALKS TO-MORROW. 
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401 	 Traumatically injured primary incisors: a clincial and histological 
study 
Theodore P Croll. DDS; Elizeu A. Pascon , DDS. MSD ; Kaare Langeland. 

DDS. PhD 

This study observed pulpal and periapical changes due to trmll1wtic 
injuries to primary incisors , and to correlate those observations with 
clinical and radiographic findings. 

423 	 A histological comparison of direct pulp capping agents in primary 
canines 
Clara Turner, OM 0; Frank J. Courts . DDS , PhD; Harold R. Stanley. DDS, 

MS 

This histological study evaluated and compared the results of applying 

three commercial .calcium hydroxide preparations and a standard cal­
cium hydroxide-saline paste to the dental pulp. Reactions of IIwjor 
interest were pulpal inflammation and fomwtion of a dentinal hridge. 

429 	 Biochemical study of whole saliva from children with chronic renal 
failure 
Frederic Obry, Dr ChiI' Dent ; Alain B. Belcourt. Dr Sc; Robert M. Frank. Dr 
Chir Dent, Dr Med , Dr Sc Odont 

Children sufferingfrom chronic renalfailure shou; two interesting oral 

conditions. They have a high incidence of denta/anomalies and a very 
low rate of caries activity. 

433 	 The unpredictability of primary molar resorption following ectopic 
eruption of permanent molars 
Sergio J. Weinberger, DDS , Cert pedo; Gerald Z. Wright . DDS . MSD, 
FRCD[c] 

This paper presents case histories showing the unpredictability of the 
resorptive process , which may occur to the roots of second primary 
molars lI7u/ may continue until the teeth are prematurely lost . 
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437 	 Comparison of chloral hydrate-hydroxyzine with and without 
meperidine for management of the difficult pediatric patient 
John E. Nathan, DDS, MDS; M. Stewart West, PhD 

The need exists for controlled-research to establish dosage guidelines for 
chloral hydrate combinations, particularly for management ofthe refrac­

tory child. Sedation was mare successful when meperidine was added. 

PRENATAL FLUORIDE 

445 	 Optimum dosage for prenatal fluoride supplementation (PNF): Part IX 
Frances B. Glenn, DDS; William Darby Glenn III, MD 

Because of the maternal loss offluoride, the problem in pregnancy is to 
deliver sufficient fluoride to the fetal teeth. 

SEALANTS 

451 	 The use of dental sealants in the Washington State Medical Assistance 
Program: a one-year report 
Robert C. Faine, DDS, MPH 

Every dental claim that included a sealant procedu re was reviewed for a 
one-year period. 

NUTRITION 

454 	 Dietary cholesterol recommendations for children 
Alvin M. Mauer, M D 

The rationale for recommending modifications of children's diets is the 
prevention of adult atherosclerosis. 
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Traumatically injured primary incisors: a clinical 
and histological study-page 401 

In this study, 138 traumatized primary incisors were 
evaluated clinically and radiographically, with the fol­
lowing data recorded: exact or approximate time-inter­
val of traumatic episode(s) and extraction, mobility, 
color change, sensitivity to percussion/palpation, swell­
ing, sinus tract, caries, crown/root fracture, periodontal/ 
periapical lesions, external/internal root resorption, 
mineralization, and obturation. 

Requests for reprints should be directed to Dr. The­
odore P. Croll, East Street and N. Main Street , 
DoyJestown, PA 18901. 

A histological comparison of direct pulp capping 
agents in primary canines-page 423. 

This study indicates that direct pulp capping of ex­
posures in primary teeth is a viable procedure . Data 
indicated the calcium hydroxide-saline paste induced 
more inflammation and produced a greater zone of 
mummification than the three commercial preparations 
studied. The newer commercial agents produce mini­
mal inflammation, satisfactory dentinal bridging, and 
preservation of most of the vital pulp tissue. 

Requests for reprints should be directed to Dr. Clara 
Turner, JHMHC Box J-426, Gainesville, FL 32610. 

Biochemical study of whole saliva from children 
with chronic renal failure-page 429. 

The saliva of the ten children with CRF in this study had 
a very altered composition compared to the normal 
control group. From the standpoint of cariology, these 
observations suggest that the massive amounts of urea in 
the saliva of the experimental group may lead to the 
release of free acids by plaque being inhibited upon 
saturation with ammonia. 

Requests for reprints should be directed to Dr. R. M. 
Frank, Centre de Recherches Odontologiques, Unite 
Inserm U 157, Faculte de Chirurgie Dentaire, 4 Rue 
Kirschleger, 67085 Strasbourg, France. 

The unpredictability of primary molar resorption 
following ectopic eruption of permanent molars­
page 433. 

The authors recommend that in cases similar to the two 
reported here , dentists examine the radiographs care­
fully and follow each case closely. Parents should be 
advised to contact the dentist when their child loses a 
molar, as molar losses may be premature and can lead to 
orthodontic problems. 

Requests for reprints should be directed to Dr. Sergio J. 
Weinberger, Division of Pediatric Dentistry, Faculty of 
Dentistry, Dental Sciences Bldg., The University of 
Western Ontario, London, Ontario, Canada N6A 5C1. 

Comparison of chloral hydrate-hydroxyzine with 
and without meperidine for management of the dif­
ficult pediatric patient-page 437 

This study assessed the effectiveness ofCH-H combina­
tion using the standard and higher doses in overcoming 
refractory behavior. The impact of adding low doses of 
oral meperidine was also assessed. Additionally, as ni­
trous oxide provides analgesia and offers the capacity for 
titration, data to compare the adjunctive benefit of ni­
trous oxide versus oral meperidine were considered 
useful. 

Requests for reprints should be directed to Dr. John E. 
Nathan, 800 Enterprise Drive, Suite 101, Oak Brook, IL 
60521. 

Optimum dosage for prenatal fluoride supplemen­
tation (PNF): Part IX-page 445. 

As dental caries resistance improves with increasing 
amounts of the essential trace mineral fluoride, the 
definition of optimum fluoride supplementation is the 
most fluoride that can be ingested on a daily basis with­
out causing fluorosis. The authors estimate the optimal 
daily fluoride supplement in pregnancy to be 4 mg/day. 
In fluoridated areas, a supplemental 2 mg tablet seems 
appropriate. 
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Requests for reprints should be directed to Dr. Frances 
B. ' Glenn, 7741 S. W. 62nd Avenue, South Miami, FL 
33143. 

The use of dental sealants in the Washington State 
Medical Assistance Program: a one-year report­
page 451. 

A one-year utilization-and-cost review was conducted of 
a Medical Assistance sealant program in Washington 
State. A total of 6,191 children received sealants, repre­
senting 17.3 percent of children in the state, aged six to 
fourteen, who made at least one visit to a dentist. An 
average of 3.16 teeth were sealed per child. There were 
593 dentists who placed sealants during the study 
period. 

Requests for reprints should be directed to Dr. Robert 
C. Faine, 7015 S. E. 32nd Street, Mercer Island, WA 
98040. 

Dietary cholesterol recommendations for chil­
dren-page 454 

Seven recommendations are provided to physicians and 
health professionals who work with children , concerning 
dietary cholesterol. These include: infant formulas, a 
varied diet for infants, early recognition of obeSity and 
hypertension, counseling on maintenance of ideal body 
weight, pertinent family history for patients, screening 
for serum cholesterol measurements in high-risk indi­
viduals, and moderation in diet and in following dietary 
trends. 

Reprints are not available. 



Traumatically injured 
•prImary InCIsors: 

a clinical and 
histological study 

Theodore P. Croll, DDS 
Elizeu A. Pascon, DDS, MSD 
Kaare Langeland, DDS, PhD 

EpidemiOlOgiCal studies in Denmark, Israel, Great 
Britain , the United States , and the Dominican Re­
public, reveal that up to a third of children younger than 
seven years of age sustain injury to the primary in­
cisors. I-6 It is estimated that betwee n 300 and 400 chil­
dren each year were treated at Children 's Hospital of 
Philadelphia for traumatic injuries to primary incisors 
from 1976 to 1981. 7 Injuries include crown fracture , root 
fracture, tooth avulsion, and dental displacement of all 
types within the alveolus. All such injuries occur in any 
combination and may also be accompanied by various 
soft tissue injuries and trauma to other head and neck 
structures. 

In the early 1900's, Turner described hypoplastic de ­
velopmental defects of permanent incisors , resulting 
from injuries to the primary predecessors. H- IO Since that 
time, numerous reports on dental trauma have consid­
ered e tiology, histopathosis , and clinical manifes tations 
of such abnormalities. 1l -47 

Dr. Croll is in the private practice of pediatric den tistry, in 

Doyles town , PA; Clinical Assistant Professor, Departme nt of Pediatric 

Dentistry, University of Pennsylvania School of Dental Medicine; 

Research Associate. Te mple Universitv School of Dentistry. 


Dr. Pascon is Assistant Professor, De partme nt of Endodontics, U nive r­

sity of Connecticut School of Dental Medicine. 


Dr. Langeland is Professor and Chairman, Department of Endodon ­

tics , University of Connecticut School of Dental Medicine. 


This study was supported in part by USPHS Grant #5 R01DE-04096. 
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The most extensive studies of traumatic dental inju­
ries have been performed and reported by Andreasen 
and his co- workers.I.2Il·29.:32.35.:37.39.H Their descriptions 

of abnormalities of permanent teeth resulting from inju­
ries to the primary predecessors include: "white or 
yellow-brown discoloration of enamel; white or yellow­
brown discoloration of enamel and horizontal enamel 
hypoplasia; crown dilaceration; odontoma-like malfor­
mation ; root duplication; vestibular root angulation; lat­
e ral root angulation or dilaceration ; partial or complete 
<UTest of root formation ; sequestration of entire tooth 
germ; and ectopic , premature, or delayed eruption or 
impaction '·.2H.29.H Such dental pathological alterations 
have been reported to have a prevalence of 17 percent to 
74 percent in children with history of injury to primary 
incisors. :1.4 . :1.9 . 3z.:)3.~OA4 

Using Ve rvet monkeys , Andreasen fl)Und that the 
immediate histological effect of injury by impact to the 
immature permanent tooth consists of "contusion and 
displacement of the reduced enamel epithelium and 
slight displacement of the hard dental tissue in relation 
to the cervicalloop". :35 When injured primary teeth are 
left in position , further alterations occur, including 
changes in the reduced enamel epithelium, with fi)nna­
tion of stratified squamous epithelium and concomitant 
changes in dentinal and enamel matrices. 35 

Exte nt of malformation ofa permanent incisor, caused 
at the time of traumatic impact , varies greatly, depend­
ing on the developmental status of the permanent tooth , 
force of impact , and direction of the traumatic fi)I'Ces on 
the primary incisor(s).IJ.15. HJ.24.2.5-27.29.32.33.:35AI.44.4(H7 

Eve n though it has been shown that a permanent 
tooth in the early stages of development is more at risk of 
developmental abeITation hom trauma than a more ma­
ture tooth , a developing permanent incisor that appears 
radiographically to have a fully formed crown can still 
suffer developmental alterations. 19.:1.4.27.29.3J.44 .4fi .47 The 

intrusion of primary incisors by trauma against such 
permanent crowns can cause various types of enamel 
surface lesions and also result in radicular abnor­
malities.13.15.17.25-29.:35 It is suspected that the reduced 

enamel epithelium may be involved in late enamel ma­
turation , and damage to those cells can cause superficial, 
clinically detectable defects to the form and color of 
enamel. 29.33. :35.44.46.47 

Malformation of permanent teeth associated with 
pulp diSintegration or endodontic treatment of primary 
teeth can occur. 11 .18.20-23.30.31.34.36.39.43 As is generally 

true in tissue morbidity, cell injury in the dental pulp 
results in inflammatory changes of associated per­
iradicular tissues, leading to osteitis , osteolysis, and 
potential damage to adjacent developing permanent 
teeth. 48 Such inflammatory changes may be severe 
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enough not only to disturb amelogenesis, but have been 
reported to abort the development of a permanent 
tooth.II .12.1B.20-23.27-30.34.36.39.43.-14 Ectopic, premature , 

and delayed eruption have also been attributed to den­
toalveolar inflammation , associated with degenerating 
pulp tissue of primary teeth; altered resorption patterns 
of primary teeth under such conditions have been ob­
served. 15.11>.20.23-30.44 

Color changes are known to occur from the deposition 
of blood pigment in dentinal tubules and from optical 
alterations associated with pulp space, soft tissue , and 
dentinal changes.25.2fi.38.40.45 Dark grey discoloration, 
which occurs soon after injury and persists , is thought to 
portend rapid pulp disintegration with poor chances of 
healing; and brown-yellow changes are reported to re­
sult from chronic low-grade pulpal inflammation with 
radiographic evidence of pulp space calcifica­
tion.17·25.26.38.40 The latter phenomenon reportedly does 
not often jeopardize a developing succedaneous 
tooth. 25.26.38.40 

Dentists must rely on clinical and radiographic diag­
nostic findings to assess the pulpal status of an injured 
primary tooth , as a basis for appropriate treatment. Be­
cause histopathological changes can be only surmised 
from clinical observation , a means of cOITelating clinical 
and radiographic findings with the histological condition 
of the pulp would be desirable . The purpose of this study 
was to observe pulpal and periapical changes due to 
traumatic injuries to primary incisors , and to cOITelate 
those observations with the clinical and radiographic 
findings. 

MATERIAL AND METHODS 

The material consisted of 138 primary incisors that had 
been exposed to trauma and extracted at various time­
intervals after the injuries. The teeth were from children 
treated in a private pediatric dental practice and were 
extracted hy the principal investigator. 

All clinical data were recorded , including tooth-mobi­
lity; grey-black or yellow-brown discoloration; sen­
sitivity to percussion ; sensitivity to palpation; gingival 
swelling; presence of draining sinus tract, caries, and 
crown fracture . 

Radiographic observations were recorded , including 
increased periodontal ligament space (POL), periapical 
radiolucency, externallinternal root resorption, pulp 
space calcification, and presence of endodontic filling 
material. Radiographic technique was standardized by 
using the "Elcan" Precision Radiographic Alignment 
Instrument. * 

Following extraction by forceps, the teeth were im­

* Masal Orthodontics Inc., Bristol , PA. 

http:25.26.38.40
http:tion.17�25.26.38.40
http:changes.25.2fi.38.40.45
http:15.11>.20.23-30.44
http:teeth.48
http:11.18.20-23.30.31.34.36.39.43
http:29.33.:35.44.46.47
http:19.:1.4.27.29.3J.44.4fi.47
http:incisor(s).IJ.15
http:matrices.35


Figure 1. Clinical observa­
tions: S.H., eighteen-month­
old girl struck tooth F on 
sidewalk. Tooth was mobile , 
sensitive to percussion and 
palpation , with Class III 
Ellisfracture. Clinical photo 
shows vertical crown fract­
ure , and radiograph shows 
root fracture . The tooth was 
extracted two days after 
trauma. 

mersed in 10 percent neutral buffered formalin , and sent 
to the histology laboratory. After fixation , the teeth were 
rinsed in tap water, demineralized in 22 percent formic 
acid/sodium citrate and processed for embedding in 
paraffin. 

Semiserial sections were cut parallel to the long axis of 
the tooth at the 5 jJ.m setting of the microtome. Every 
third slide was stained with hematoxylin-eosin for gen­
eral cellular recognition, and selected slides were 
stained in Masson trichrome for collagen, and Brown 
and Brenn for bacteria. 

OBSERVATIONS 

The posttrauma interval in our 138 cases varied from two 
days to sixty-one months. In eighteen cases, despite 
clinical evidence of previous injury, the parents were 
unable to provide details of any trauma. Typical cases are 
demonstrated in chronological order, starting with the 
shortest interval. Variations in the extent of the injury, as 
related to the patient's age, are demonstrated within this 
sequence. 

Two days earlier, a 1.5-year-old girl struck the maxil­
lary left central incisor (F) in a fall. The blow resulted in a 
Class III Ellis fracture, radiographically confirmed as 
coronal and radicular. The tooth was sensitive to percus­
sion and palpation and mobile (Figure 1). There was a 
dense concentration of neutrophilic leukocytes in the 
pulpal horn extending through the coronal third of the 
pulp. No inflammatory cells were present in the radi­
cular pulp and none in the foraminal area (Figures 2,3). 

> 
Figure 3. Same case as shown in Figures 1 and 2: a , Radicular 
part , white area between predentin and pulp tissue , a 
shrinkage artifact (hematoxylin eosin, orig. mag. x 20); b, 
From central pulp tissue, nerve (n) and capillary (c) in non­
inflamed tissue (hematoxylin eosin, orig, mag. x 1250); c, From 
central part, functioning c/Jpiltaries with erythrocytes scat­
tered or in rouleau in noninflamed tissue (hematoxylin eosin, 
orig. mag. x 1250); d , From apical part , vessel with one lym­
phocyte (ly) in uninflamed pulp tissue (hematoxylin eosin, 
orig. mag. x 1250). Despite necrosis at fracture site and adja­
cent severe acute inflammation there is vital, noninflamed 
tissue in the apical part of the canal. 

Figure 2. Coronal part of tooth F in Figure 1: a, Corulllli pulp 
away from exposure with vital tissue (henUitoxylin eosin, orig , 
mag, x 20); b , From pulp horn at arrow in a; no re/lUlining 
odontoblast , only neutrophilic leukocytes along predentin lIlld 
adjacent layer ofWeil (hematoxylill eosin, ori/!,. /lUig. x 1250); c, 
From central part of pulp hom , neutrophilic leukocytes ill 

cross cut vessels (henUitoxylill eosill , ori/!,. /lUi/!,. x 1250); d , 
From central part of pulp, neutrophilic leukocytes ill alld 
outside afferent vessel. 



Figure 4. Clinical observa­
tions: PM. , two-year, sevell­
month-old boy fell alld 
struck tooth F. fou r days ea r­
lier: Patient in paill , tooth F 
was mobile . sensitive to per­
cussion and palpation, with 
extensive Class III Ellis 
fracture. Clinical pho­
tograph and radiograph 
show crown fracture. The 
tooth was ext racted fou r 
days after trauma. 

Figure 5. Clinical history ofcase shown in Figure 4: a, Coronal 
part includingfracture (hematoxylin eosin, orig. mag. x 20); b , 
Apical part not including foramen (henwtoxylin eosin, orig. 
mag. x 20); c, Odontoblast layer destroyed by neutrophilic 
leukocytes (hematoxylin eosin, orig. mag. x 10(0); d , Bacteria 
011 pulp surface (Brown & Brenn, orig. mag. x 1250). 
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Four days before treatment, a two-year, seven-month­
old boy suffered a blow in which tooth F sustained a 
Class III Ellis midcoronal fracture (Figure 4).26 There 
were bacteria on the wound surf~lce and in the adjacent 
tissue. A dense concentration of neutrophilic leukocytes 
existed throughout the coronal pulp, extended into the 
root pulp, but tapered off with increasing distance from 
the fracture site. Circulatory disturbances were also 
present (Figures 5-7). In the root pulp, there were in­
Rammatory cells scattered free in the tissue, and many of 
them in the afferent vessels. In the apical part, however, 
there were noninRamed tissue and non involved vessels 
(Figure 7). 

Two cases were used to demonstrate variations in 
reactions , seven days after injury. The maxillary right 
central incisor (E) of a three-year-old boy sustained a 
Class II Ellis coronal fracture, and tooth E of a 4.5-year­
old boy was traumatically displaced lingually without 

Figure 6. (Cont. ofcase shown in Figures 4 , 5). a, Centrally in 
pulp, blood disintegration products (Brown & Brenn, orig., 
mag. x 1250); b, Blood disintegration in pulp vessels (hematox­
ylin eosin , orig. mag. x 7(0); c, Pulp vessel with neutrophilic 
leukocytes and 11lOnocytes (hematoxylin eosin, orig. mag. x 
1250). 
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exarticulation. 26 In the case with the Class II Ellis coro­
nal fracture (Figure 8), liquefaction necrosis in the most 
coronal area and coagulation necrosis in the remainiJlg 
coronal pulp chamber occulTed. 26 In the root pulp, the 
tissue retained some fibrous structure, although areas of 
necrobiotic and necrotic tissue were present (Figure 9). 
In the periapical tissue, there was a dense concentration 
of neutrophilic leukocytes (Figure 10). 

In the tooth E that had been displaced within its 
socket, an oblique root fracture was present. The most 
coronal extent of the fracture involved the periodontal 
pocket (Figure ll) where bacterial plaque and a dense 
concentration of neutrophilic leukocytes were observed . 

Figure 8. Clinical observa­
tions: R. P., three-year-old hoy 
struck tooth E on a metal 
chair, a week ear/ier. Tooth E 
was mobile, grey-black, sen­
sitive to percussion and palpa­
tion . Class II Ellis fracture 
and swollen labial gingiva as 
shown in the clinical pho­
tograph. Radicula r fracture 
and periapical radiolucency 
seen on radiograph. The tooth 
was extracted seven days after 
injury. 

Figure 7. (Cant. of case in Figures 4-6). a, Vessel in root pulp 
with neutrophilic leukocytes and monocytes (hematoxylin 
eosin, orig. mag. x 700); b, Deeper in pulp, scattered neu­
trophilic leukocytes and extravasated erythrocytes (hematox­
ylin eosin, orig. mag. x 800); c, Afferent vessel in root pulp with 
neutrophilic leukocytes, monocytes and lymphocytes scattered 
outside vessel (hematoxylin eosin, orig. mag. x 700); d, Neu­
trophilic leukocytes and mast cell in vessel (hematoxylin eosin, 
orig. mag. x 1250); e, In apical third, vessel with healthy 
erythrocytes, one extravasated neutrophilic leukocyte and one 
lymphocyte in otherwise noninjlamed root pulp (hematoxylin 
eosin, orig. mag. x 850). 

Figure g, Coronal part of tooth E in Figure 8: a, coronal pulp 
away from exposure with necrotic and vital pulp tissue (hema­
toxylin eosin, orig. mag. x 20); b , From area of l1wst'coronal 
odontoblast layer, no remaining odontoblasts, lymphocytes in 
layer of Wei! (pd - predentin, Brown & Brenn , orig. mag. x 
1200); c, Destroyed odontoblast layer with lymphocytes in 
necrotic tissue with retained structure ofvessels (v) (he1natox­
ylin eosin, orig. mag. x 100); d , Farther apically in coronal 
part, no pulpal cells, only f ew injlammatory cells, but overall 
pulpal structure better retained than in c, (hellUltoxylin eosin, 
orig. mag. x 1000). 



Figure 10. Apical part of tooth E in Figures 5 alld 6. II . Apical 
root with structured pulp tissue ill visible part ofCII/I11/; empty 
foraminal canal , and periapical tissue (heHU/toxy/ili eosill . 
orig. HUig. x 20); b , From root canal . disintegrating pulp tis:;ue 
with lymphocytes (ly ), and blood disintegratioll products ap­
pOea ring as small black particles (arrows) in translllittelit . di­
ffuse light (hel1U1toxylili eosin . orig. mag. x 1000 ); c. Exactly 
same area as in b. Particles appearing black ill b . lire 
birefringent (arrows) ill transmit/ent polarbed light (lWHu/­
/oxylill eosin. orig. /Ilag. x 1(00 ); d . Frolll peril/pica/lesion . 
large numbers of neutrophilic leukocytes (hematoxylin eosin . 
orig. mag. x 1000 ). 

Figure 11. Clinical observa­
tions; j.W , 4.5-year-old girl 
struck tooth E on sidewalk. 
Tooth E was lingually dis­
placed, nwbile , nonnal color, 
sensitive to pe rcussion and 

~ 	 palpation , with swollen labial 
g ingi v a (C lini cal ph oto ). 
Oblique mid-roo t fractu re 
seen in radiograph . The tooth 
was extracted seven days after 
traum{l . 

Figure 12. Coronal and apical parts of tooth E in Figure 11 . a , 
Coronal part thick layer of irritation dentin . Well-structured 
pulp tissue with foci of inj/.amllUltory cells (hellUltoxylin eosin , 
orig. lnag. x 20 ); b . Root part from fracture area. Irritation 
dentin on root canal wall , dense conce ntration of inj1.am­

/lUltory cells in part of root pulp (hematoxylin eosin , orig. /lUlg. 
x 20); c, From fracture area , bacteria/ plaque (Brown and 
BI'enn , orig . I/Ulg. x 1250); d , Adjacent to fra cture area, dense 
concentration of neutrophilic leukocytes (hel/l{ltoxylin eosin , 
orig. I1Ulg. x 1000); e, Farther apically, structured pulp tissue 
with nerves and neutrophilic leukocytes. (hematoxylin eosin 
urig. 1/l{lg. x 630). 

The pulp tissue in the coronal portion was well main­
tained . Circulatory disturbances we re present in the 
root pulp, but the apical pulp tissue was not inflamed 
(Figures 12,13). 

Two cases were used to demonstrate similar pulp 
reaction to substantially different traumata at the four­
teen-day observation period . In one case involving tooth 
F of a sixteen-month-old boy, traumatic intrusion and 
coronal fracture occurred. The tooth was grey-black, and 
sensitive to percussion and palpation (Figures 14,15). In 
the other case, tooth F of a four-year, two-month-old girl, 
there were no remarkable clinical findings , except a 
periapical radiolucency (Figure 16). In the former case 
(Figure 14), there was coronal necrobiosis , but the struc­
ture of the pulp tissue was retained. In the apical part , 
there were vessels with diSintegrating blood; bacteria; 
and inflammatory cells, including neutrophilic leuko­
cytes in necrobiotic tissue (Figure 15). 



Figure 13. Same case as in Figures 11 and 12. a, Coronal part , 
irritation dentin (ir) with adjacent inflamed pulp (hematoxylin 
eosin orig. mag. x 8000; b, Coronal part , vessel with partly 
agglutinated blood, erythrocytes separate or in rouleau , and 
neutrophilic leukocytes (hematoxylin eosin orig. mag. x 1(00); 
c, Apical root pulp with neutrophilic leukocytes in vessels. Less 
inflamed than coronally (hema toxylin eosin , orig. mag. x 
1000); d , Apical root pulp; no inflammation (hematoxylin 
eosin, orig. mag. x 8(0). 

Figure 14. Clinical observa­
tions: M.B ., one-year, four­
month-old boy intruded tooth 
F on unknown object. Tooth F 
was mobile , grey- black, sen­
sitive to percussion and palpa­
tion. Class II Ellis fracture, 
gingival swelling, tooth intru­
sion, increased PDL space, 
and periapical radioLucency 
were present . The tooth was 
extracted fourteen days after 
trauma. 

:> 
Figure 16. Clinical observations: M.L. ,four-year, two-month­
old girl struck tooth r on swing. Tooth F was mobile , normal 
color, sensitive to percussion and palpation , with nonllal soft 
tissues as seen in the clinical photograph , increased PDL 
space, periapical radiolucency, and external root resorption 
were p7-esent. The tooth was extracted fourteen days after 
injury. 
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Figure 15. Coronal and apical parts of tooth F in Figure 14. a, 
Coronal part; necrobiosis , structured pulp tissue (hellUltoxylin 
eosin, orig. mag. x 20); b, ApicaL part withfragm.ents of hard 
tissue inforaminaL pulp (hematoxylin eosin , orig. mag. x 20); c , 

From pulp horn, disintegrated odontoblast layer with bacteria 
(hel1wtoxylin eosin , orig. mag. x 8(0); d , Centrally in pulp, 
bacteria (Brown and Brenn), orig. mag. x 1250); e, Remaining 
structure of vesseL with disintegrating blood and bacteria 
(hematoxylin eosin, orig. mag. x 8(0); f, Farther apical/y , 
vesseL with disintegrating blood and bacteria (Brown and 
Brenn, orig. mag. x 5(0); g, Apical frag7nent , diSintegrating 
inflammatory cells in necrobiotic pulp tissu e (hematoxyLin 
eosin , orig. mag. x 8(0). 
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Figure 17. Coronal and apical tissue of tooth in Figure 16. a, 
Pulp horn with poorly staining tissue (hematoxylin eosin, orig. 
mag. x 70); b, From pulp horn, destroyed odontoblast layer 
and necrobiotic adjacent pulp tissue (hematoxylin eosin, orig. 
mag. x 1250); c, From foraminal area , necrobiotic, although 
still structured, pulp tissue with inflammatory cells having 
pyknotic nuclei (hematoxylin eosin, orig. mag. x 1250); d , From 
periapical area , reversal line indicating previous resorption , 
severe acute periapical inflammation (hematoxylin eosin , orig. 
mag. x 220). 

In the other fourteen-day case (Figure 16), the coronal 
part of the pulp was necrotic and also had maintained its 
structure. In the apical part, inflammatory cells were 
present. In the periapical tissue , there was a dense 
concentration of inflammatory cells, particularly neu­
trophilic leukocytes (Figure 17). Bacteria were also pres­
ent in the necrotic pulp tissue. 

The case that had an eighteen-day observation period 
demonstrates the cumulative effect of two reported trau­
matic blows to one tooth. The two-year-old boy fell and 
struck tooth F on a cement walk. One week later he feIl 
again, striking the same tooth, fracturing the crown 
(Figure 18). In the fracture area, pulpal necrosis and 
bacteria were observed. In the remaining part of the 
coronal pulp, there was structured, but necrotic/nec­
robiotic, pulp tissue. In the apical part of the root canal, 
there was a dense concentration of neutrophilic leuko­
cytes and no structured pulp tissue. Similar conditions 
existed in the lateral canals in this area (Figures 19,20). 
The reactions demonstrated in these patients were typ-

Figure 18. Clinical observa­
tions: M. V , two-year, one­
lIwnth-old boy fell on cement 
sidewalk. Tooth F was in­
truded. One week later, the 
boy fell , again striking F 
Tooth F was mobile; sensitive 
to percussion, but not to pal­

pation; unchanged color; corollalfracture; and gillgival swell­
ing as seen in the clinical photograph. illcreased PDL space 
and periapical radiolucency were also observed. The tooth was 
extracted eighteen days after origillal injuries. 

ical of those occurring in the short to intermediate peri­
ods of this study. 

Although there are no stages in biological reactions, 
we selected a four-month observation-period for the 
next demonstration. A thirty-two-month-old girl suf­
fered a blow to her mandibular right central incisor (P). 
At the time of extraction the tooth was yellow-brown, 
mobile, and the swollen labial gingiva displayed a drain­
ing sinus tract. The radiograph showed a periapical 
radiolucency and external root resorption. The patient 
had no pain during this period, explaining why she was 
not presented for dental examination (Figure 21). The 
coronal and apical parts of the root canal had necrotic, 
necrobiotic, and some remaining vital pulp tissue. It 
should be especially noted that under these extreme 
pathological conditions, fragments of vital tissue remain 
(Figure 22). 

The ten-month posttrauma case demonstrates a 
cumulative effect of trauma left untreated for fOur 
months; then treated with calcium hydroxide and re­
tained in situ for another six months. There were no 
external soft tissue changes. The radiograph showed root 
resorption and pulp-space calcifications (Figure 23). In 
the histologic examination, pathological calcifications 
were confirmed along with necrotic tissue with bacteria 
(Figure 24). In the hard tissue formation (often er­
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Figure 19. Coronal tissue of/ooth F in Figure 18. a , Pulp horn 
with structured, nec robiotic pulp tissue (hematoxylin eosin . 
orig. mag. x 60 ); b , Coronal dentin with bacteria in crack 
(Brown and Brenn ), urig. lIlag . x 1250 ); c, From pulp horn. 
bacteria in necrutic tissue (Brown and Brenn , orig . lIlag . 
1250 ); d , Farther apically in coronal fragment , necrobiotic 
odontoblastsllayer with hacteria (hematoxylin eosin , orig. 
/lUig . x 500); e, Centrally ill pulp. transition zone necrobiotic! 
inflamed area; inflammatory cells with pyknotic nuclei (hema­
toxylin eosin , orig. mag. x 7(0); f, Deeper in canal . partially 
retained pulp structure vessel with endothelial cells that ha ve 
pyknotic nuclei (heHwtoxylill eosin . orig. mag. x 7(0). 

Figure 20. Foramen of tooth F in Figures 18 and 19. a, Root end 
with abscess (henwtoxylin eosin , orig. mag. x 50 ); b , From 

abscess in a; disintegrating neutrophilic leukocytes and 
chronic inflammatory cells (hematoxylin eosin , ori/!.. /lUlg . x 
5(0); c, Resorption lacunae from apical part of ca nal, with 
neutrophilic leukocytes and osteoclasts (hematoxylin eosin , 
orig. mag. x 5(0); d , Lateral canal (arrow in a) with nec­
robiotic and inflamed tissue (henUltoxylin eosin , orig. HUlg. x 
5(0); e, From cell concentration in d , disintegrating neu­
trophilic leukocytes and chronic inflaml1U1tory cells (hematox­
ylin eosin , orig. mag. x 10(0). 

Figure 21 . Findin gs; K. S. , 
th ree -yea r-old g irl , s t ruck 
tooth P at thirty-thre e 
l1wnths. Tooth P was mobile, 
yellow-brown with no se n­
siti vity to percussion or palpa­
tion. Labial gingival swelling 
(clinical photograph ) with 
drainin g s inus tra c t are 

shown. Increased PDL space, 
periapical radiolucency, ex­
ternal root resorption, and 1/1­

ternal root resorption are seen 
in radiograph. The tooth was 
extracted four months after 
injury. 
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Figure 23. L. D. , 1.5-year-old boy struck tooth F on coffee table 
at eight months of age. At ten months, F was treated with 
calcium hydroxide pulpotomy, zinc oxide and eugenol pulp 
canal restoration , and a bonded composite resin (clinical pho­
tograph ). Tooth F was mobile, yellow-brown; percussion and 
palpation sensitivity were not recorded. There were no soft 
tissue changes. External root resorption , pulp space calcifica­
tion , and endodontic filling material were seen on the radi­
ograph. The tooth was extracted ten months after injury, eight 
months after endodontic treatment. 

Figure 22 . Coronal and apical sections of tooth F in Figu re 21. 
a, Pulp horn with necrotic tissue (hematoxylin eosin, orig. 
mag. x 50); b , From pulp horn in a, dentin without predentin 
adjacent to pulp hom exposed to liquefaction necrosis . One 
neutrophilic leukocyte with pyknotic nucleus (hematoxylin 
eosin, orig. mag. x 1250); c, From unstructured tissue centrally 
in a necrotic tissue (hematoxylin eosin, orig. meg. x 1250); d , 
Farther apically, neutrophilic leukocytes and chronically in­
flamed cells ofabscess (hematoxylin eosin, orig. lIwg. x 1250); 
e, Section from apical part with remaining pulp tissue (he1Yw­
toxylin eosin, orig. mag. x 50); f, Remaining organized pulp 
tissue in apical root canal, vessel with functioning erythrocytes 
and neutrophilic leukocytes; and adjacent inflamed pulp tissue 
(hematoxylin eosin, orig. Jrwg. x 650 ). 

) 
Figure 24. Coronal part of tooth F in Figure 23. a, Pulp hom 
with material, necrotic and necrobiotic tissue and a "bridge" 
(hematoxylin eosin, orig. mag. x 20); b, Pulp hom with necrotic 
tissue and bacteria (Brown and Brenn, orig. mag. x 1250 ); c, 
Pulp hom with necrotic tissue (hematoxylin eosin , ori/!,. mag. x 
1250); d, Next to bridge , coronal aspect , necrobiotic tissue with 
disintegrating neutrophilic leukocytes (hematoxylin eosin, 
orig, mag. x 1250). 
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Figure 25. Same case as in Figure 23 and 24. a , Apical part of 
"bridge" (hematoxylin eosin , orig. //lng. x 20); b, Inclusion in 
"bridge" . Vessel with neutrophilic leukocytes (hematoxylin 
eosin , o rig. mng. x 9(0); c, Apical side adjacent to "bridge"; 
calcification and severely inflamed pulp tissue (hel1Ultoxylin 
eosin, orig. mng. x WOO ); d, Pulp tissue adjacent to c, severely 
inflamed with few rel1Ulining pulp fibroblasts (hel1Ultoxylin 
eosin, orig.mng. x WOO); e, Farther apically, functioning 
vessels with neutrophilic leukocytes (hellUltoxylin eosi.n, orig. 
mng. x 1000). 

roneously termed "dentin bridge") there was inclusion 
of inflamed pulp tissue (Figure 25). In the apical · part , 
there were free calcifications in the central pulp tissue 
and apposition on the canal walls. Undisturbed circula­
tion and structured pulp tissue were present in the 
apical area. In the periapical lesion , primarily chronic 
inflammatory cells were present (Figure 26). 

An example of variations in reactions , twelve months 
posttrauma in teeth E and F, following apparently 
equally traumatic injury to both, is presented. Both 
teeth were mobile, discolored, not sensitive to palpa­
tion, and free of soft tissue pathosis. Radiographically, 
both teeth had increased periodontal ligament space, 
periapical radiolucency, and external root resorption 
(Figure 27). Tooth E showed primarily well-structured, 

Figure 26. Same case as in Figure 23-25. a , Apical section with 
pulp tissue and periapical lesion (hellUltoxylin eosin, orig. 
nUlg. x 20); b , Apical pulp tissue with free calcificatiuns (hemn­
toxylin eosin , orig. mag. x 9(0 ); c, Apical tissue with pril1UlriLy 
chronic inflamed cells (hematoxyLin eosin, orig. mag. x 1000); 
d , Farther apically in canal , structured pulp tissue with func­
tioning capillary (hel1Ultuxylin eosin . orig. mag. x 1000); e, 
Apical pulp tissue. fairly noninflamed with functioning vessel 
(hel1Ultoxylin eusin , orig. mag. x 9OO)J, Periapical lesion with 
mostly chronic inflammatory cells . 

Figure 27. Findings: J.D., 
4. 5-year-old girL st ruck teeth 
E and F on concrete driv­
eway at 3.5 years. Both teeth 
were mobiLe, and not sen­
sitive to percussion or paLpa­
tion , with no soft tissue 
changes ( clinical pho­
tograph ). tooth E was 
yellow-brown, and tooth F 
was of grey-black discolora­
tion. Both teeth showed in­
creased PDL space, per­
iapical radiolucency, and 
externaL root resorption. The 
teeth were extracted tweLve 
months after injury. 
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Figure 28. Coronal and apical section of tooth E in Figure 27. 
a , Coronal section . Irritation dentin (arrows), and histologic 
artifact (a ) (hellU/toxylin eosin , orig. mag. x 20); b , From pulp 
horn. Healthy odontoblasts layer and the adjacent pulp with 
circulation (hematoxylin eosin , orig. /lU/g. x 500); c, Apical 
section. Healthy pulp tissue (hematoxylin eosin , orig. /lU/ g. x 
20). 

Figure 29. Coronal section fr01ll tooth F in . Figure 27. a, 

Disintegrating coronal pulp tissue (he/lU/toxylin eosin . orig. 

mag. x 20); b , Cross Cllt dentin , adjacent necrotic tissue and , 

deeper, neutrophilic leukocytes (hellU/toxyiill eosill, ori/!.. mag. 

x 7(00 ); c, From abscess, with necrotic tissue and disint egrat ­

ing neutrophilic leukocytes (hematoxylin eosin , orig. IIlllg. x 

1250 ); d , Deeper in pulp, functioning vessel with (/djacent 

chronic inflammatory cells (hellU/toxylin eosin . orig. IIU1g . x 

800); e, Concentration of plasma cells and scattered neu­

trophilic leukocytes (hematoxylin eosin , orig. mag. x 1250 ). 


noninflamed pulp tissue , with only a minor accumula­
tion of chronic inflammatory cells apically (Figure 28); 

Figure 30. Findings: N. D ., 
,. 

whereas tooth F showed necrotic pulp tissue all the way 
two-year, ten-month-old girl to the area of root resorption (Figure 29). 
traumatized tooth E at fifteen Eighteen months following dental trauma in a two­
nwnths. Tooth E was mobile, month-old girl , tooth E was grey-black, showed mobi­
grey- black; there was no sen­

lity, swelling, and a labial sinus tract. There was per­
sitivity to percussion or palpa­

iapical radiolucency, an indication of root resorption and tion; gingival swelling and 
deformation (Figure 30). In the coronal area, there wasdraining labial s inus tract 
mostly disintegrating pulp tissue , with some structured were present (clinical photograph ). Increased PDL space. ra­


diolu cency, and extemal root resorption were observed in tissue remaining. In the apical area, a periapical lesion, 

radiograph. The tooth was extracted eighteen months after evidence of external root resorption , and apposition ap­

trauma . peared (Figure 31). 
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Figure 31. Sections Jrom coronal and apical part oj tooth E in 
Figure 30. a, Coronal pulp hom with disintegrating pulp 
tissue (hematoxylin eosin, orig. ,nag. x 20); b , Root tip with 
attached periapical lesion (hematoxylin eosin , orig. ,nag. x 20); 
c, From apical area oj external resorption , osteoclast ar­
tificially removed Jrom contact with lacunae wall and mixed 
inflammation (hematoxylin eosin, orig. ,nag. x 6(0 ); d , From 
area ojperiapical lesion , acute and chronic inf/mmnatory cells 
(hematoxylin eosin , orig. 1nag. x 6(0); e, From other area oj 
periapical lesion, epithelial and inf/mmnatory cells (hematm:­
ylin eosin, orig. mag. x 10(0). 

Figure 32. Findings: ].B. , 
Jour-year, ten-month-old boy 
struck teeth E and F at one 
year and again at three years 
ojage. Both teeth were yellow­
brown, with Class II Ellis 
fractures ( clinical pho­
tograph ). Tooth E was mobile, 
sensitive to percussion and 
palpation. Tooth F was not 
mobile, and had no sensitivity 
to percussion or palpation. 
Radiographically, E showed 
crown fracture, periapical ra­
diolucency, increased PDL 
space; and E and F both 
showed pulp-space calcification. The teeth were extracted 
three years after the first trauma , two weeks after the subse­
quent injury. 

The following cases demonstrate long-te rm injury in 
our study. The first of these patients had two traumatic 
injuries to teeth E and F within thirty-six months: the 
last one, two weeks before extraction. Both teeth were 
yellow-brown. Tooth E was mobile , and sensitive to 
percussion and palpation. Tooth F was neither mobile 
nor sensitive. Both teeth showed, radiographically, the 
presence of pulp space calcifications (Figure 32). In 
tooth F, necrotic pulp tissue was present with bacteria in 
the coronal part ; necrotic, but still structured pulp tissue 
in the apical part ; and bacteria as far apically as the 
necrosis (Figures 33,34). 

The pulp tissue in tooth F confirmed the radiographic 

Figure 33. Section from coronal part oftooth E in Figure 32. a, 
Coronal pulp with disintegrating tissue and irritation dentin 
(he1natoxylin eosin , orig. mag. x 20); b, Pulp hom with disinte­
grated odontoblast layer, cells with pyknotic nuclei , but some 
remaining structure (hematoxylin eosin, orig. mag. x 240); c, 
From pulp hom in b . Disintegrated odontoblast layer, re1nain­
ing structure ofvessel , pyknotic cell nuclei (hematoxylin eosin , 
orig. mag. x 9(0). 



> 
Figure 34. Sections form apical part of tooth E in Figures 32 
and 33. a, Apical part ofcanal with remaining structured pulp 
tissue (hematoxylin eosin, orig. mag. x 20); b , From pulp tissue 
in a (arrow). Interconnecting vessels with disintegrated blood 
cells (hematoxylin eosin , orig. mag. x 34D); c, From dentin wall 
in a. Bacteria in odontoblast layer and in adjacent dentinal 
tubules of predentin (Brown and Brenn, orig. mag. x 1250). 

observation of pulpal calcifications, which proved to be 
bone rather than dentin. In the coronal part , there was 
chronic inflammation in the remaining soft tissue; 
whereas in the apical part a noninRamed pulp remained 
(Figures 35,36). 

Figure 35. Section from coronal part oftooth Fin Figure 32. a, 
Coronal pulp, hard tissue, with pulp tissue inclusions (hel1U1­
toxylin eosin, orig. mag. x 20); b , From calcified pulp hom . 
Irritation dentin , vital pulp tissue with inflammatory cells, 
and vessel with agglutinated blood (hematoxylin eosin , orig. 
mag. x 600); c, From remaining pulp hom, reversal line, 
irritation dentin , and disintegrating pulp tissue (hematoxylin 
eosin, orig. mag. x 700); d , Centrally in pulp, moderate chronic 
inflammation . (hematoxylin eosin, orig. l1U1g. x 800). 

:> 
Figure 36. Section from apical part of tooth F in Figure 32. (/ , 
Root pulp with extensive central calcification (hematoxylin 
eosin, orig. mag. x 20); b , From central calcification , hard 
tissue with cells (hematoxylin eosin , orig. mag. x 900 ); c, From 
apical pulp,functioning vessel in noninflam.ed tissue (hematox­
ylin eosin, orig. mag. x 800). 

http:noninflam.ed


Figure 37. Findings: 5.5-year-old girl struck tooth E at about 
two years ofage. Tooth E was mobile , not sensitive to percus­
sion or palpation; had normal color, and normal associated 
soft tissues (clinical photograph ). Increased PDL space , per­
iapical radiolucency, and external root resorption were seen 
on the radiograph. The tooth E was extracted approximately 
forty-two months after trauma. 

Figure 38. Sections of coronal and apical part of tooth E in 
Figure 37. a, Coronal pulp with irritation dentin and struc­
tured pulp tissue; b, Crack in coronal dentin with bacteria 
(Brown and Brenn, orig. mag. x 5(0); c, Section from apical 
part of root with structured pulp (hematoxylin eosin, orig. 
mag. x 20); d, From tissue in c, remaining odontoblast layer, 
and some vessels with agglutinated blood (hematoxylin eosin , 
orig. mag. x 600). 
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Figure 39. Sections from coronal pulp in Figure 38A. a , Vessel 
with disintegrated blood (hematoxylin eosin , orig. mag. x 
1250); b, Disintegrating pulp tissue with scattered chronic 
inflammatory cells (hematoxylin eosin , orig. I1Wg. x 1250); c, 
Functioning vessel in healthy pulp tissue (hel1wtoxylin eosin, 
orig. mag. x 1250), 

A five-year-old girl was evaluated forty-two months 
after dental trauma. Tooth E was struck when she was 
two years old. The tooth was mobile , but not sensitive to 
percussion or palpation , There was no apparent soft 
tissue damage, Radiographically, there were increased 
periodontal ligament space, a periapical radiolucency 
and external root resorption (Figure 37). There were 
cracks in the dentin with bacteria, irritation dentin in 
the pulp horn, and remaining structured pulp tissue 
with agglutination of blood, in vessels (Figures 38,39). 

Forty-four months previously, a five-year, eight­
month-old girl was struck on tooth F. The tooth became 
grey and then gradually lightened, Tooth F was hit 
several times later, but the subsequent traumatic inju-

I 
ries were not thought to require treatment. At the time 
of extraction, the tooth was mobile, grey- black, had 
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Figure 40. Findings:J.L.,jive­
year. eight-month old girl 
struck tooth F at two years of 
age. Tooth became grey 
quickly , then lightened. Sev­
eral additional traumatic inci­
dents followed over the next 
f eu; years , non e requiring 
treatme nt. Tooth F was 
mobile, grey-black, with drai­
ning sinus tract , swollen labial 
gingiva , and Class II Ellis co,~ 

onal fracture (clinical pho­
tograph ). Periapical radiolu­
cency, external root reso rp­
tion , and pulp space calcification were seen in the radiograph. 
Th e tooth F was removed approximately forty-four months 
after injury. 

Figure 41. Sections of coronal part of tooth F in Figure 40. a. 
Perforation ofdistal pulp horn with earlier resorption , present 
apposition and disintegrating pulp tissue. (hematoxylin eosin , 
orig. mag. x 20); b , From transition area , dentin/hard tissue 
demonstrating irregular hard tissue apposition directly on 
prima ry dentin. (hematoxylin eosin , orig. mag. x 9(0); c, From 
coronal perforation, dense clustering of bacteria in coronal 
part (Brown and Brenn , orig. mag. x 9(0); d , From area 
adjacent to c, transition between neutrophilic leukocytes and 
bacteria (Brown and Brenn, orig. mag. x 1250); e, Area adja­
cent to d , dense concentration of pyknotic neutrophilic leuko­
cytes with bacteria (hematoxylin eosin , orig. mag. x 9(0). 

Figure 42. Root section of tooth in Figure 41. a, External root 
resorption , with internal hard tissue apposition in canal (hem­
atoxylin eosin , orig. /lwg. x 20); b , Necrobiotic neutrophilic 
leukocytes and chronic inflammatory cells in apical third root 
canal (hematoxylin eosin , orig . l1Wg. x 1250); c, From arrow in 
a, neutrophilic leukocytes in lateral canal (hematoxylin eosin , 
orig. mag. x 1250); d, Periapical tissue, mast cells, neutrophilic 
leukocytes, lymphocytes, and macrophages (hema toxylin 
eosin , orig. mag. x 1250); e, Earlier resorption , presently no 
apposition (hematoxylin eosin , orig. mag. x 1250). 

gingival swelling, a draining labial sinus tract, and a 
Class II Ellis fracture (Figure 40).26 There was a coronal 
pulp space exposure with bacterial invasion and disinte­
grated pulp tissue; numerous neutrophilic leukocytes; 
and in the apical direction, lymphocytes, plasma cells 
and macrophages (Figure 41). In the apical pulp tissue, 
there were no circulatory disturbances. In the apical 
part of the canal there was considerable apposition of 
hard tissue, and resorption. There was severe inflamma­
tion, which also extended into lateral canals (Figure 42). 

A six-yeal~ two-month-old boy suffered several trau­
matic incidents over a sixty-one-month period. He first 
injured teeth E and F, at the age of thirteen months . 
None of the teeth caused the patient pain or other 
symptoms during the sixty-one months. At presenta­
tion , both teeth were mobile , yellow, not sensitive to 
percussion or palpation and there were no soft tissue 
changes in the region. Both teeth showed increased 



Figure 43. Findings: T. K. , six-year, two-month-old boy struck 
teeth E and F;first at thirteen months. SlIhseCfuent episodes of 
minor trauma occurred over next five years. Teeth E and F 
were mobile, yellowed, not sensitive to percussion or palpa­
tion , with no soft tissue changes (clinical photograph ). Radi­
ographically, both teeth showed increased PDL space, pulp 
space calcification, apical external root "esorption , and per­
iapical radiolucencies. The teeth were extractedfive years, one 
month, after initial trauma. 

periodontal ligament space, pulp-space calcifications, 
periapical radiolucencies , and apical root resorption 
(Figure 43). Both teeth demonstrated similar hard tissue 
appositions in the root canals, with re maining pulp 
tissue in poor condition. Partial necrosis of and bacteria 
in the remaining pulp tissue, and vital pulp tissue in the 
apical part with resorption and apposition were ob­
served (Figures 44-46). 

DISCUSSION 

Our data indicate great variability in combinations of 
clinical conditions, leading to equally great variability in 
radiographical and histological findings , following trau­
matic injuries to primary incisors. Because clinicians can 
only observe the clinical signs and symptoms and the 
radiographical changes, the actual status of the pulp is 
left to conjecture. 

Early in this century, it was shown that there was no 
correlation between clinical signs and symptoms and an 
accurate histological diagnosis .49 Although that study 
was flawed by many artifacts in the histological evalua­
tion, the general results were sound and confirmed in 

Figure 44. Section from remaining coronal part of tooth E in 

Figure 43. a, Extensive hard tissue formation with pulpal 
tissue inclusions (herrwtoxylin eosin , orig. lIUlg , x 20); h , Crack 
in coronal dentin, with bacterial (Brown and Brenn , orig. 
lIwg. x 1250); c, Coronal remaining disintegrating pulp tissue 
(hematoxylin eosin , orig. mag. x BOO ); d, Central pulp tissue, 
necrotic (hellUltoxylin eosin , o rig. I1Ulg. x 1250); e, Infiam­
nUltory cells in disintegrating pulp tissue (henUltoxylin eosin , 
orig. IIUlg. x 1250). 

Figure 45. Section from apical part oftooth E in Figures 43 and 
44 . a, Resorption/a pposition , vital apical pulp with f ew neu­
trophilic leukocytes (hemotoxylin eosin , orig. mag. x 550); h , 
Resorption/apposition to reve rsal lines in apical ramification 
(hemotoxylin eosin , orig. l1Ulg. x 7(0). 

http:diagnosis.49
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later studies, utilizing improved histological meth­
odology and strict criteria.5O·51 

Also in our study, there was no correlation between 
the clinical signs and symptoms and the histo­
pathological findings; thus, even patterns among our 
findings could not be determined. 

Because parental histories of dental injuries are some­
times scanty, unreliable, or totally lacking, little is 
known about the exact nature of the trauma: for exam­
ple, force of the trauma, direction of the blow, and 
sensitivity of the tooth. We classified our cases, there­
fore, in accordance with the elapsed time between in­
jury and extraction . Histopathological changes occulTed 
in the pulp of all injured primary teeth. 

In general, the cellular response to dental trauma is 
directed by the same response mechanisms found in 
other connective tissues. According to Robbins et ai. , 
"Cell injury is one of the most common cell responses in 
disease affecting virtually every cell type in almost all 
pathologic conditions ."48 This general rule was con­
firmed in our study, where there was necrosis , acute and 
chronic inflammation, and resorption and apposition in 
almost all cases. CalCifications, often considered by the 
dental profession as beneficial and protective, are in fact 
part of the pathological condition, in that they represent 
deposition of calcium salts in dead and dying tissue. 52 

Regarding color changes of traumatized primary 
tee th , our observations do not confirm the statement 
that greylblack discoloration is the result of rapid pulp 
disintegration and yellow/brown discoloration the result 

25 26of chronic low grade pulpal inflammation. 17. . .38.40.45 

Out of 110 discolored teeth , fifty-one were grey/black 
and fifty-nine, yellow/brown. Of the grey/black teeth , 
there was necrosis in thirty-three and resorption/apposi­
tion in eighteen; whereas in the yellow/brown , there was 
necrosis in seventeen and resorption/apPosition in forty­
two. Thus, although the overriding histological feature 
in the grey/black teeth was necrosis , and in the yellow/ 
brown teeth was resorption/apposition , in each case 
there could be resorption/apposition in the grey/black 
and necrosis in the yellow/brown. To illustrate the point , 
the tooth in Figure 21 was yellow/brown and the pulp 
was totally necrotic in the total absence of calcifications 
(Figure 22); whereas the tooth in Figure 40 was grey/ 
black and the pulp showed extensive calcifications invol­
ving the apical third of the root canal (Figures 41,42). 
Parts of the pulp were necrotic. 

On the other hand, of two teeth with normal color, one 
had no calcifications and a necrotic pulp (Figures 18-20); 
whereas the other had calcifications and a vital pulp 
(Figures 37-39). Thus, color changes give the clinician 

Figure 46. Section from remaining coronal part of tooth F in 
Figure 43. a, Extensive hard tissue fonnation with pulp tissue 
inclusions (hematoxylin eosin , orig. mag. x 20); b, Tissue at 
point of horizontal arrow a, necrotic with neutrophilic leuko­
cytes (he1TUltoxylin eosin, orig. l1Wg. x 1250); c, From oblique 
arrow in a.junctioning affel"ent vessel with neutrophilic leuko­
cytes (hematoxylin eosin, orig. mag. x 1250); d , Farther api­
cally, vi tal pulp tissue with functioning vessels and scattered 
inf/anl1TUltory cells (he7TUltoxylin eosin, orig. I1Wg. x 1(00); e, 
Hard tissue with cell inclusion in apical root ca nal (he71wtox­
ylin eosin , orig. mag. x 7(0 );f, In apical root canal, vital pulp 
tissue with scattered inflammatory cells. 

strong indications of pulpal changes, even though not of 
the specific change; but lack of color changes do not 
necessarily indicate a healthy pulp. On the contrary, the 
pulpal changes may be as severe (Figures 16,17) as those 
occurring in teeth with color changes. 

Although the time-interval since the trauma is impor­
tant for the ex tent of pulpal damage, great variables also 
oCCUlTed in this area. At seven days , there was extensive 
necrosis in one case (Figures 8-9); whereas there was a 
well-structured pulp tissue with only foci of inflamma­
tion in another (Figures 11-13). Thus, the time-interval is 
not a decisive factor in determination of the extent of 

http:inflammation.17


destruction of the pulp. Also at fourteen days, where 
histological examination revealed total necrosis of the 
entire coronal pulp and a periapical lesion in two teeth 
(Figures 14-17), the traumata were distinctly different. 
This emphasizes that force and direction of the trauma 
are as important as the time-factor. 

On the other hand, apparently equal traumata in the 
same region may cause vastly different responses. This is 
illustrated in two pairs of central incisors in each of two 
patients (Figures 27-29 and 32-36). In both cases, there 
was extensive necrosis in one tooth , whereas there was 
vital pulp with a severe inflammatory response and re­
sorption/apposition in the other. 

The cumulative effect of two traumata do not give any 
clue as to the destructive effect of each trauma. The pulp 
response ill teeth exposed to two traumata cannot be 
distinguished from the response in teeth exposed to one 
trauma, at the same time-interval (Figures 18-20 and 
23-26). 

Radiographic changes such as external root resorp­
tion, internal root resorption, pulp space calcifications , 
periodontal ligament space-thickening, and periapical 
radiolucencies suggest ongoing pulpal disintegration 
and associated inflammation . It is important to note that 
all of the above diagnostic factors may occur with or 
without complaints from the patient. Oftentimes the 
chief complaint comes from a parent who is concerned 
about the child's compromised cosmetic appearance 
from a discolored tooth. Absence of dental pain or other 
symptomatology, however, does not rule out pathosis of 
dental and periodontal structures. 

Following the resolution of the pain associated with 
the trauma per se, in our study, pain was not a factor for 
clinical intervention. Clinical examinations showed pal­
pation/percussion sensitivity in thirty-eight cases. 
These observations confirm our previous investigations, 
which showed a lack of con'elation between pulpal de­

51struction and pain .50·

Figure 47. Pennanent teeth dnmage due 
to trauma of corresponding primary 
tooth, which were retained after the 
trauma. 

At the time of the initial trauma to primary incisors, 
following any obvious emergency treatment of face, 
neck or jaw lacerations, the dentist has to decide the 
appropriate treatment of the primary tooth. 

To aid in immediate diagnosis, the dentist relies on 
observations of tooth and alveolar mobility, dental fract­
ures, dental displacement, periodontal conditions, and 
radiographical interpretation of hard-tissue damage. To 
aid in long-term diagnosis, the data include tooth-color 
changes, mobility of the teeth, odontalgia, results of 
pulp-sensitivity testing, soft tissue changes, and radi­
ographic evidence of pathological alterations of the pri­
mary incisor or morphological changes of a developing 
tooth. 

Injuries to developing permanent teeth from initial 
traumatic displacement of primary incisors are not pre­
ventable. The dentist aims all management efTorts, 
therefore, at preventing or minimizing subsequent in­
flammatory histopathological insult to the immature, 
adjacent developing permanent teeth. 

Once a total analysis of the injuries is made and neu­
rological impairment and injuries requiring refenal have 
received proper attention, the treatment options are to 
reposition and stabilize displaced teeth, intervene en­
dodontically, or extract the injured tooth (teeth). 

With the exception of extraction, any treatment car­
ries with it some risk to the permanent incisor. If a 
primary incisor pulp is not irreversibly damaged, tissue 
healing will occur and the permanent tooth bud will not 
be at risk. If pulp disintegration does occur, associated 
periapical osteitis may in time jeopardize the adjacent 
permanent teeth. Careful periodic diagnostic monitor­
ing is essential , if no clinical intervention is planned. 
Such careful observations, however, still do not ensure 
undisturbed odontogenesis of underlying permanent 
teeth. 

Abnormalities of permanent anterior teeth following 
injuries to their primary predecessors (Figure 47) have 
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been reported to occur in from 17 percent to 74 percent 
of the cases. 24.29.32.33.40.44 The prudent dentist realizes, 
therefore , the importance of eliminating or at least mini­
mizing the risk of injury to the permanent teeth. 

Andreasen documented and illustrated a case in 
which a 1.5- year-old child suffered an intruded maxill­
ary primary central incisor.53 After the injury, the in­
truded incisor was not treated, but left alone to re-erupt. 
Although clinical and radiographic evidence of pulpal 
pathosis could be seen one year later (for example, 
yellow discoloration, pulp space calcification, increased 
periodontal ligament space) the injured primary incisor 
was still left in place. The succedaneous central incisor 
consequently ceased development , and was removed. 
Although one can argue that the initial traumatic impact 
may have caused cessation of development of the penna­
nent tooth , effects of the chronically inflamed intra­
medullary environment around the permanent tooth 
bud must be seriously considered. Our material, includ­
ing cases of intrusion (Figures 14,15 and 18-20), empha­
sizes this point. The accumulation of neutrophilic 
leukocytes in the area of the permanen t tooth bud 
provides the mechanism of dissolving the enamel epi­
thelium (Figures 17,19,20,28). According to Robbins 
and Cotran the half-life of neutrophilic leukocytes is 
seven hours , and when they disintegrate, enzymes are 
released which are capable of dissolving tissue .54 Had 
the severely intruded primary incisor been removed 
soon after injury, any influence of subsequent inflam­
matory changes would have been eliminated. 

While all known endodontic medicaments are ilTitat­
ing to associated tissues , one must refrain from using 
highly toxic medicaments such as formocresol, parafor­
maldehyde, tricresol , camphorated monochlorophenol , 
or other phenol combinations or derivatives. 55 It is also 
shown that any medicament which is introduced in the 
pulp may sensitize the individual. 56 This is specifically 
confirmed for formocresoJ and glutaraldehyde.57- 59 

The only ilTigation solution to be used is 1 percent 
sodium hypochlorite .60 The objective of canal instru­
mentation, short of areas of resorption , must be as in 
permanent teeth to remove all disintegrating pulp 
tissue.61 In case of partial necrosis, calcium hydroxide 
(pure chemical) should be used as described in Safavi et 
al.62 Following the elimination of bacteria, a thick mix of 
zinc oxide and eugenol should be used for obturation. 

A less favorable prognosis for primary teeth requiring 
endodontic treatment could be attributed to anatomic 
differences, particularly to more extensive ramifications 
of the root canal in primary teeth , which make it more 
difficult to achieve adequate instrumentation . Finally, 

the fact that primary teeth will be resorbed makes the 
choice of a material for obturation of the root canal , more 
of a problem. Furthermore, the relatively short time 
that primary teeth remain in situ allows for successful 
endodontic therapy of most primary teeth during the 
time when their retention would be advantageous for 
space maintenance and aesthetics. The concern for the 
permanent tooth, however, must be of paramount im­
portance. As long as therapy does not involve the use of 
toxic medicaments, and instrumentation and obturation 
are limited to the canal, no additional trauma will accrue 
to the succedaneous tooth . 

The cosmetic integrity of a succedaneous tooth must 
be considered at risk, whenever the tooth is subjected to 
the impact from a traumatized or infected primary tooth. 
Although the risk of minor areas of enamel discoloration 
or hypoplasia may be worth taking in premolars, the 
prominent cosmetic role of permanent incisors and the 
restorative implications of such defects in anterior teeth 

43 63merit extraordinary concern.34. . 

Special concern must be noted for children who are at 
risk, because of medical complications: for example, 
subacute bacterial endocarditis attributable to cardiac 
abnormalities. 54 There is no rationale for retaining a 
primary incisor with progressive pulpal disintegration, 
in such patients. As occulTed in our cases, because the 
pulp tissue of many injured primary incisors contains 
bacteria (Figures 4-7,14,15,32-36), one must assume that 
such bacteria may serve as a nidus for potential cir­
culatory inoculation. Children with intraventricular 
shunts for treatment of hydrocephalus, and those with 
medical conditions that compromise normal healing 
processes or immunological competence are further ex­
amples of patients who merit special concern.65 

Finally, taking all considerations together, an attempt 
should be made for re tention of the traumatized tooth 
with appropriate treatment. Based upon examination of 
the histologic data in our study, extraction was the treat­
ment of choice. 

CONCLUSIONS 

o Trauma to primary teeth causes pulpal damage of 
various degrees , depending on the force of the 
trauma. 

o Color changes of the crown mayor may not occur; 
but none of these conditions will indicate a specific 
stage of pulpal degeneration. 

o Depending on force and direction of the blow and 
the development of the adjacent tooth bud, damage 
to the latter will often occur. 

http:concern.65
http:concern.34
http:tissue.61
http:hypochlorite.60
http:derivatives.55
http:tissue.54
http:incisor.53
http:24.29.32.33.40.44


421 CROLL, PASCON, LANGELAND 

TRAUMATIZED PRIMARY INCISORS 

D It is possible under these circumstances to perform 
endodontic treatment of the primary tooth , 
provided no toxic medicaments are used , and 
provided the obturation material is placed short of 
the foramen. 

D Since it is difficult to establish the state of periapical 
inflammatory destruction , which would further 
damage the tooth bud, when in doubt , the primary 
tooth should be extracted. 

D No correlation between c1inicaVradiographical ob­
servations and the histopathological changes in the 
pulp and periapical tissue can be established. 
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NEUTROPHILS IN H UMAN DISEASES 

Human ne utrophilic polymorphonuclear le ukocytes (ne utrorlhils) provide an eRective 
host defense against bacte rial and fungal infection , but they are also important in the 
pathogenesis of tissue damage in certain noninfectious diseases. 

Mild to moderate abnormalities of ne utrophil function have been reported in many 
acquired and conge nital diseases. In most of these disorde rs , the bioche mical or 
morphologic basis of the defects is unknown and the relevance of the ne utrophil defect 
to the manifestations of the disease is unclear: In contrast , pe rsons with marked 
neutropenia or severe defects in neutrophil function may have aphthous ulce rs of the 
mucous membranes, severe gingivitis, pe riodontal disease and recun'ent bouts of 
penumonia and othe r types of life-threatening bacte rial and fungal infections , although 
infection-free periods may occur. 

Malech, H . L. and Callin, J.C .: Immunology: Neutrophils in human diseases. 
N Engl J Med , 317:687-694, September 10, 1987. 
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A histological comparison 
of direct pulp capping 

agents in primary canines 

Direct pulp capping is designed to stimulate the 
formation of reparative dentin in teeth where the pulp is 
exposed.I.7 Histological studies have shown that a 
number of calcium hydroxide preparations will stimu­
late the formation of a calcified bridge in the area of a 
pulp exposure. 1-4.6 .7 Ideally, the placement of an appro­
priate medicament in direct contact with the exposed 
pulp tissue will promote deposition of a mineralized 
dentinal bridge and maintain pulp vitality. 

Most studies have evaluated or compared the effec­
tiveness of various agents in direct pulp capping pro­
cedures by using human permanent teeth or animal 

6 8 1Omodels. 2- . - Pulpotomy procedures in both primary 
and permanent teeth have also been used to study the 
response of the pulp to calcium hydroxide preparations. 
Currently, calcium hydroxide is recommended for 
pulpotomy procedures in young permanent teeth, but is 
not recommended as a medicament for pulpotomies in 
primary teeth . 11 .12 The frequency of chronic pulpal in­
flammation, necrosis and internal resorption leading to 
premature loss of the primary tooth led to this recom­
mendation. 13-17 The failure rate reported for the calcium 
hydroxide pulpotomies in primary teeth is responsible 
for not using calcium hydroxide for other pulp capping 
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procedures in primary teeth. The validity of primary 
teeth as a model for studying direct pulp capping, 
however, has been previously demonstrated.1.7 

For many years the most commonly used direct pulp 
capping agent was Dyeal*. Recently, new calcium hy­
droxide preparations were introduced. Life (Sybron­
Kerr) and Nu-Cap (Coe Laboratories, Inc.) are two of the 
more recent commercially available calcium hydroxide 
pulp-capping agents. The purpose of this histological 
study was to evaluate and to compare the results of 
applying three commercial calcium hydroxide prepara­
tions and a standard calcium hydroxide-saline paste to 
the dental pulp. The reactions of major interest were 
pulpal inflammation and formation of a dentinal bridge. 

METHODS AND MATERIALS 

The pulpal response to direct pulp capping with Dyeal 
and Life was reported in a previous study. 7 Those data 
were compared to the responses ofNu-Cap and calcium 
hydroxide-saline paste in this study. Identical meth­
odologies were used in both studies . Thirty-four pa­
tients, ranging in age from six years to ten years , five 
months, were used in the study. The patient sample 
consisted of twelve males and twenty-two females. All 
patients were in good general health. From these pa­
tients, ninety-two primary canines (maxillary and man­

*Advanced, Chemical-cured , 1. D. Caulk. 
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dibular) were chosen as specimens lor studying the 
pulpal response to direct pulp capping. Nu-Cap, Dycal , 
Life and calcium hydroxide-saline paste (calcium hydro­
xide and sterile saline) were used as the pulp-capping 
agents. Bilateral teeth were selected in each patient. All 
teeth were anesthetized by block or infiltration using 2 
percent Lidocaine with l:lOO,OOO epinephrine. One of 
the four agents was placed directly over the pulp in each 
of the specimens. All teeth were intended for extraction, 
due to excessive crowding in the permanent incisor 
region. Fixed bilateral space maintainers were used 
where indicated. Teeth with restorations, caries, or 
more than a third of the root resorbed were excluded 
from the study. A written informed consent was ob­
tained from the parent or legal guardian of each patient. 

All teeth were isolated by a rubber dam, and a class V 
cavity preparation was made on the facial surface of the 
tooth . The floor of each preparation was prepared ap­
proximately 1.5 mm in depth. Following the cavity prep­
aration , a mechanical pulp exposure was made with a 
sterile number four round bur in the central portion of 
the preparation. An attempt was made to limit the ex­
posure size to 0.5 to 1.0 mm in diameter. Bleeding from 
the pulp exposure, if present, was controlled by dry, 
sterile cotton pellets. Then the exposure site and floor of 
the preparation were covered with one of the calcium 
hydroxide preparations. Zinc- oxide eugenol (IRM L. D. 
Caulk) was used to fill and seal the cavity. 

Teeth to be evaluated for an immediate response were 
extracted seven days after treatment and those to be 
evaluated for long-term pulpal response were extracted 
at sixty-three days. Twenty-eight teeth were extracted at 
seven days and sixty-four were extracted at sixty-three 
days. Extraction of the teeth was done after using local 
anesthetic procedures as previously described. The 
teeth were coded at the time of extraction by the clini­
cian and placed in 10 percent formalin for at least sev­
enty- two hours. In teeth with limited root resorption, 
the apical third of the root was removed to facilitate the 
passage of the fixative into the pulp. The teeth were then 
decalcified in 5 percent formic acid for approximately 
twenty-one days. After embedding in paraffin and sec­
tioning serially, sections were alternately stained with 
hematoxylin and eosin. The sections were evaluated for 
degree of pulpal inflammation and prevalence and integ­
rity of dentinal bridge formation. The degree of pulpal 
inflammation was graded on a 0-4 scale: 

o - no inflammation 
1 - mild inflammation infiltrate 
2 - moderate inflammation infiltrate 
3 - heavy inflammation infiltrate 
4 - abscess 

Table 1 0 lnHammation at seven days. 

lnHammation score Life Dyeal Nu-Cap CaOH, 

0 1 1 1 0 
1 0 1 5 1 
2 1 2 1 5 
3 0 0 2 3 
4 1 0 1 1 

Number (nl 
Mean 

3 
2.00 

4 
1.25 

10 
1.7 

10 
2.4 

Std. dev. 2.00 0.96 1.25 0.84 
S.E.M. 1.16 0.48 0.40 0.27 

Croup distribution signi6cantly different (p < 0.05) as determined by 
Kruskal-Wallis analysis . 

The quality of dentinal bridge formation was based on 
a 0-3 scale with the following significance: 

0- no matrix 
1 - compression of collagen with fibrous matrix 
2 - thin or incomplete matrix 
3 - a complete dentin bridge with few or no cellular 

inclusions 
All histological evaluations were completed by the 

same examiner, under blind conditions. A Kurskal-Wal­
lis test was used to determine the significant differences 
in inflammatory response and bridge formation between 
the four groups. 

RESULTS 

Short-term study (seven days) 

Following the direct pulp capping procedure, twenty­
eight teeth were extracted at seven days. The inflam­
matory response of the various medicaments at seven 
days is summarized in Table 1. The Kruskal-Wallis statis­
tical analysis indicated Significant differences between 
the groups (p < 0 .05). The calcium hydroxide-saline 
paste produced the highest degree of inflammation with 
a mean inflammatory score of 2.40. The mean inflam­
matory scores lor the other groups ranged Ii-om 1.25 to 
2.00. When exposures produced tears in the pulp and 
impaction of dentinal chips, the degree of inflammation 
increased for all medicaments . A wide zone of mum­
mification was seen with the calcium hydroxide- saline 
paste, while the commercial products showed little to no 
zones of mummification (Figures 1-3). 

Long-term study (sixty-three days) 

Sixty-lour primary canines were evaluated for long-term 
inflammatory response to direct pulp capping. The in­
flammatory responses to the various medicaments at 
Sixty-three days are summarized in Table 2. The 
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"Ii.bl.. 2 0 InAammalion al sixlv-Ihre .. days . 

InHammati()ll St'urt.. Lif.. Dyt'al Nn-Cap C..OB" 

0 12 /I I> .5 
I 4 i 4 5 
2 I 2 I 2 
3 0 I I I 
4 I 0 0 I 

Numbt'r (n l 1/1 II> 14 14 
Mean 0.56 0.71> 0.64 1.14 
SId . dt'v. 1.04 0./1/1 0 .93 1.23 
S. E.M. 0.25 0.21 0.25 0.33 

Group dislribulion si~nifi('anll\' dillert'nl (1'< 0.051 as delermillt'd bv 
Kruskal-Wallis analysis. 

Kruskal-Wallis statistical analysis indicated significant 
diffe rences be tween groups (p < 0.05). The calcium hy­
droxide-saline paste produced the highest degree of 
inflammation, with a mean inflammatory score of 1.14. 
Specific instances of high inflammation scores in all 

Figure 1a. Calcium hydroxide-saline paste , sevell days. Note 
the thickness of the mummified layel: A line of denUirca tioTi is 
apparent. The exposure site - upper left corner. X80. 

Table 3 0 Brid!!;t' lormalion al sixlY-lhree days . 

B'id~e sco,e Lif... Dye'al Nu-Cap CaOH. 

0 0 0 0 0 
I 4 3 0 0 
2 10 9 i 2 
3 4 6 i 12 

Numb.. r (n l 18 18 14 14 
Mean 2.0 2. li 2.5 2.86 
Std . de\'. 0.69 O.il 0.52 0.36 
S.E.M . 0.16 O.li 0 . 14 0.10 

Group dislribution si!!;nificm,lly differenl (1'< 0.051 as determined b~' 
Kruskal-Wallis analysis. 

groups were usually associated with impacted dentinal 
chips or inclusion of medicament deep pulpal tissues . 

The dentinal bridge formations for the various medi­
caments are summarized in Table 3. The Kruskal-Wallis 
analy sis indicate d Significant diffe re nces be twee n 

Figure lb. Highe r power of Figure 1a. Note the lille of deuUlr­
catioll , which will eventually regenerate a new odolltoblastic 
layer. X200. 

Figure 2. Nu-Cap, seven days. A few inflammatory cells are Figure 3. N u-Cap, sevell days. A mo re extreme inflammatory 
present. No evidence of a mummified layer. X300. response , but no evidence of a mummified layer. X200. 



groups (p <0.05). The calcium hydroxide-saline paste 
produced the thickest bridge with a mean score of2.86. 
Nu-Cap, Dyeal, and Life effected thinner bridges and 
little to no zone of mummification, when compared to 
those produced by the calcium hydroxide-saline paste 
(Figures 4-9). Bridge formations in the teeth treated 
with Nu-Cap, Dyeal and Life were closely associated 
with the exposure sites, while with the calcium hydrox­
ide-saline paste bridging occurred deeper within the 
pulp at the apical or lingual margin of the zone of mum­
mification. 

DISCUSSION 

The pulpal responses seen in this study were similar to 
those reported for permanent teeth .2 The noninflamed 
pulp responded to all medicaments that contained cal­
cium hydroxide, by the deposition of reparative dentin. 
The high incidence of internal resorption reported in 
previous studies was not seen in any of the histological 
specimens examined in this study; but one must con­
sider that this was a relatively short-term study. 13.14.16.17 

These results indicate that calcium hydroxide may be 
placed in direct contact with the primary pulp, if the 
pulp is not inflamed. Examples of such clinical use 
would include the direct capping of mechanical ex­
posures; and in pulpotomies, when the remaining pulp 
tissue is not inflamed. 

The seven-day histological examinations showed that 
the calcium hydroxide-saline paste causes a greater in­
flammatory response within the pulp, and also resulted 
in a wide zone of mummification . This finding may be 
associated with the greater alkalinity of the calcium 
hydroxide-saline paste. In teeth evaluated after sixty­
three days , the trend toward increased inflammation 
with the calcium hydroxide-saline paste was again 
noted. Specific instances of high inflammatory scores 
were associated with deep maceration of the pulp during 
the initial preparation and the inclusion of dentinal chips 
and medicament. The maceration of the pulp and the 
inclusion of dentinal chips were relatively common, 
when standard clinical exposures were made. 

While all medicaments stimulated dentinal bridges, 
there were important differences in quality and posi­
tion . The calcium hydroxide-saline paste consistently 
formed thick bridges, but they occurred deep within the 
pulp at the junction of the mummified zone and the 
normal pulp tissue. All the commercial agents generally 
demonstrated thinner dentinal bridges and bridge posi­
tions more closely associated with exposure sites . This 
type of response may be more favorable, since it results 

< 
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Figure 4. Calcium hydroxide-saline paste, Sixty-three days. 
Because of the thick mummified zone, the dentinal bridge 
almost reaches the lingual wall. This situation could eventually 
lead to loss of an adequate blood supply to the more incisally 
positioned tissue. X80. 

Figure 5. Calcium hydroxide-saline paste , sixty-three days. 
The effects ofthe paste and the degree ofpulpal destruction has 
led to the fomwtion of a horizontal bridge, much rel1wved 
from the point of exposure. X200. 

in a pulp of near original size. The reduced zone of 
mummification with these agents is the most probable 
cause of this bridge location . Excessive and deep bridge 
formation may result in areas of necrotic pulpal tissue, 
secondary to vascular constriction (Figure 4). 

Because newer commercial calcium hydroxide medi­
caments have reduced alkalinity, incidences of local 
chemical cautery (mummification), pulpal necrosis and 

http:13.14.16.17


427 TURNER, COURTS, STANLEY 

DIRECT PULP CAPPING AGENTS 

Figure 6. Life, sixty-three days. Den tinal bridge fOnlwtion . 
Note impaction of medicament. XlOO. 

Figure 7. Dycal , sixty-three 
days. Dentinal bridge 
fOnlwtion. XlOO. 

. ; ' 0/ ; ._ , ~ . \ 
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'. ' \. ' . " . 
Figure 8a. Nu-Cap, sixty-three days. A thin dentinal bridge, 
located at the interphase of the capping me dicament and the 
vital pulp tissue. X80. 

inflammation are reduced. These characteristics may 
render them more effective in pulp therapy involving 
primary teeth. Since these teeth are highly susceptible 
to pulpal necrosis and internal resorption , a calcium 
hydroxide agent that is able to stimulate bridge forma­
tion with minimal inflammation and mummification 
should result in greater clinical success. 

Certain types of' clinical problems may be seen more 
frequently with the newer medicaments . The commer­
cial agents demonstrated good bridge formation when 
the medicament was placed on the exposure site without 
deep impaction of dentinal chips . If the dentinal chips 
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Figure 8b. A higher TJower ofFigure 8a, revealing the dentinal 
bridge and a completely restored pulp. No inflammatory cells, 
X200. 

Figure 9. Nu-Cap, sixty­
three days. A thicker 
dentinal bridge located at 
the interphase of the pulp 
capping medicament and 
the vital pulp tissue. X80. 
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were beneath the surface, however, they prevented 
good bridge formation. Inflammatory cells then accu­
mulated around and between the chips and the medica­
ment, leading to pulp necrosis or continued pulpal in­
flammation . This phenomenon was not observed with 
the calcium hydroxide paste, since the broad zone of 
mummification usually included the area of maceration 
and chip impaction. Because of the decreased thickness 
of mummification in the commercial medicaments, the 
impaction of dentinal chips or maceration of the pulp 
may lead to an inflammatory response beyond the zone 
of mummification. This may result in continued inflam­
mation that would lead to less favorable bridge forma­
tion. 
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DRINKING DURING PREGNANCY 

Results of this study showed that light and moderate drinkers (those who drank two or 
fewer drinks per day) did not have an increased rate of malformations compared with 
nondrinkers . For those drinking less than one drink per day, these findings provide 
considerable reassurance in terms of overall risk; as little as a 12% increase in malforma­
tions had a 80% chance of being detected if it had been present. For those drinking one 
to two drinks per day, a 50% increase would likely have been identified if it were 
present. 

The confidence limits may also provide some insight into the question of increased 
risk. With repeated estimates of two-sided 95% confidence limits, the true risk is 
expected to be below the upper limit 97.,5 of 100 times. Therefore , the upper limits of 
the adjusted risk ... are of interest. Increases in total malformations of more than 4% 
in the women averaging less than one drink per day and 29% in those averaging one to 
two drinks per day are unlikely. 

Mills, J. L. and Graubard , B. I.: 
Is moderate drinking during pregnancy associated with an inc;'eased 

risk for malformations'? Pediatrics, 80:309-314, September, 1987. 
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Biochemical study of whole saliva from 
children with chronic renal failure 

Children suffering from chronic renal failure (C RF) 
exhibit two oral conditions of interes t. They have a high 
incidence of dental anomalies and their caries activity is 

7very low. I-
Moreover, Obry et al noted a DMFT Index oro in ten 

out of eighteen of such children, despite their high sugar 
intake, as well as their very poor oral hygiene and the 
subsequent accumulation ofdental plaque. 2 The authors 
con'elated these observations with the high pH values of 
the whole saliva from these subjects. 

The aim of the present investigation was to establish 
the biochemical composition of unstimulated whole sa­
liva, in the same group of CRF children. 

MATERIAL AND METHODS 

Experimental group 

The experimental group consisted of ten CRF children, 
four girls and six boys, ages seven to sixteen years. These 
children were all dialyzed three times weekly at the 
Hautepierre Central Regional Hospital , Strasbourg. 
Their mean DMFT was 3. 

A control group to consist of eight children , three girls 
and five boys, ages five to fourteen years, with an infant 
girl e ight months old, was selected to assure an average 

The authors are with Centre de Recherches Odontologiqlles. Un ite 
inserm U 157. Faculte de Chirurgie Dentaire, 4 Rut, Kirschleger 
67000 Strasbollrg, France. 

Frederic Obry, Dr Chir Dent 
Alain B. Belcourt, Dr Sci 

Robert M. Frank, Dr Chir Dent, 
Dr Med, Dr Sci Odont 

DM FT index of 3, thus matching the average index of 
the experimental group. 

Collection of saliva 

Unstimulated whole saliva was collected from each child 
after the mouth was rinsed with distilled water. The 
saliva samples were obtained from CRF children before 
(T) and after (To) morning dialysis, at an average time­
interval of three hours; and from the control group 
before departure to school. Collection of samples was 
repeated at several successive dialyses; as well as several 
days in the week, for the control group. Volumes ranging 
from 1 to 5 ml were obtained within a range of five to 
twenty minutes. 

Thus collected, the saliva was kept on ice, imme­
diately brought to the laboratory, centrifuged thirty 
minutes at 1O,OOOg (Beckman, J. 21C), millipore-filtered 
through 0.45 fJ.m membranes and stored in a deep­
freezer for further use.~ · fJ 

Salivary urea and amino acid analyses 

Salivary urea concentration and amino acid composition 
were dete rmined with an automatic amino acid analyzer 
(Beckman 119CL), using a single column and a three­
buffer system (pHs = 3.37, 4.09 and 6.04), with flow 
rates of44 mUh and 22 ml/h, respective ly, for buffers and 

12ninhydrin. 1o. 



430 NOVEMBER-DECEMBER 1987 

JOURNAL OF DENTISTRY FOR CHILDREN 

Salivary calcium, magnesium 
and potassium determinations 

Salivary measurements of calcium, magnesium, and po­
tassium were perfimned by atomic absorption spec­
trophotometry (Beckman 495 and Delhomme IL 157) 
according to the method descrihed by Ramirez- Munoz 
and RothP-15 

Blood analyses 

Urea , calcium , magnesium , and potassium con­
centrations in blood were analyzed, following the same 
procedures as used for salivary analysis . 

RESULTS 

The ten CRF children exhibited very high levels of 
salivary urea before as well as after dialysis , with mean 
concentrations of 513 ± 210 mg/l00 ml and 241 ± 82 
mgll00 ml , respectively (Table 1). Even after dialysis, 
the urea level remained about 2.5 times higher than the 
mean urea salivary concentrations of110 ± 48 mgllOO ml 
observed in the control group. 

Three different quantitative responses to dialysis have 
been observed among the various free amino acids in 
unstimulated whole saliva (Table 2). A first group of 
amino acids consisting of Asp, Thr, Ser, Glu, Pro, Gly, 
Met , Tyr and His seemed not to be appreciably affected 
by the treatment, although Gly and His exhibited a 
slight innease. Four amino acids decreased between T 
and To, Ala, Cys , Arg and Acy; whereas six increased , 
namely, Hyp, Val, Leu, lie, Phe and Lys. Three groups 
could also be distinguished, when comparing the con­
trol group and the concentrations observed at T (Table 
2). One group often composed of Asp, Thr, Ser, Val , Met , 
lie, Leu , Tyr, Phe and Lys was depleted within the saliva 
of CRF children before dialysis ; and another group of 
five consisting of Acy, Gly, Ala, His and Arg showed a 
significant increase. Among the variations in con­
centration of several of the amino acids , when compar­
ing the salivas of the control group and those of the CRF 
children, before and after dialysis, we noticed that Ala 
decreased to return almost to the normal level , whereas 
Val and Lys increased back to normal concentrations. 
Two amino acids were very consistent, Glu and Pro. 
Finally the global level of basic amino acids was very 
high in CRF children 's saliva and His remained at a high 
concentration, even after treatment, and we also ob­
served the slight but permanent increase in Hyp. 

Salivary concentrations of calcium and magnesium 
were significantly lower when compared to those of the 

l " hle 1 0 Urea in unstimulated whole saliva and blood of CRF chil­
dren expressed as : mgllOOml. 

M ean S. D Ran~e 

T 513 210 189 - 814 
Saliva 241 B2 t07 - 362 T" 

Normal ItO 4B 3B - 176 

T 196 38 103 - 2BB 
Blood 53 22 5 - 170T" 

Normal 20 40 

control group (Table 3). They were three times lower for 
calcium and ten times lower for magnesium. The po­
tassium levels were increased, proportionately, approx­
imately 25 percent. Within the actual time-frame of the 
dialysis , i.e. between T and To, no significant variations 
were observed. As hlr as blood electrolytes were con­
cerned , the calcium and potassium concentrations, 
measured before as well as after dialysis, stayed within 
the normal range . 

DISCUSSION 

A very substantial part of the drop in the urea con­
centration in saliva, between T and To, may find its 
explanation in the extrarenal purification system. Nev­
ertheless, the values lor salivary urea shown in the 
present study are striking, because they are at least ten 
times higher than the concentrations found by Suddick 
et at in the saliva of normal subjects , and five times above 
the levels found in the subjects of the control group.16 
The ditlerence between the results described by Sud­
dick et at and those observed in the salivas ofour normal 
subjects might be attributed to the nature ofour control 
group, which was composed of caries-resistant children 
for whom numerous authors have reported a higher 
salivary urea content. 16.17 

U rea values observed in saliva were obviously higher 
than the concentrations recorded in blood within those 
patients. l As in blood, at T as well as at To, urea only 
increased to levels two to 6.5 times above normal; 
whereas in saliva the increase was well above these 
ratios. 

It should be pointed out that in the CRF children, TI 
To ratio for blood urea was higher than the TlTo ratio 
found in saliva. This T/To ratio may be considered as a 
measure of the effiCiency of blood and saliva to purify 
themselves , which means that the ratios of 2.1 and 3.7 
for saliva and blood, respectively, may signify that the 
function of excretion of the salivary glands was less 
efficient than dialysis of blood. From an opposing view, 

http:content.16.17
http:group.16
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Table 20 Amino acid comhosition of unstimulated whole CRF children's saliva. 
expressed as residues per t ousand. 

Normal CRF 

T Tn 
Amino Mean Mean Mean 
acids values S.D. values S.D. values S.D. 

Acv 33.66 5.45 61.73 11.48 48.46 8.50 
H~;p 18.05 4.97 18.75 4.56 23.32 4.61 
Asp 54.62 14.27 32.22 4.53 31.02 4.17 
Thr 34.03 6.13 15.50 1.56 16.37 2.57 
Ser 78.54 11.02 71.17 12.24 71.91 10.49 
Glu 45.29 17.00 45.42 6.93 50.45 9.19 
Pro 205.74 38.41 208.37 52.88 206.13 48.26 
Glv 150.27 20.63 176.76 35.59 184.82 26.76 
Ata 54.62 11.24 71.82 11.96 57.26 8.40 
Cn 6.75 1.99 6.49 0.89 5.61 0.81
v,il 46.15 10.76 40.11 2.98 46.91 5.15 
Met 31.13 12.81 10.04 1.95 9.44 1.10 
lie 20.77 7.67 15.44 1.81 18.65 2.17 
Leu 35.31 7.38 23.75 2.93 28.23 4.62 
Tvr 46.26 7.54 32.63 4.14 30.90 3.31
P·h.. 51.28 10.44 28.88 3.73 35.06 3.83 
His 30.26 11.66 69.94 8.13 73.67 8.28 
Lvs 44.17 9.68 32.73 6.80 41.59 9.50 
Arg 13.14 6.79 39.25 6.64 20.18 3.25 

it can be speculated that an important natural excretion 
occurred from the salivary glands, partially replacing 
normal renal function ; thus accounting for the high COIl­

centrations of urea found in saliva. 
Our observations were in agreement with those of de 

Stopelaar, who noticed high concentrations of urea in 
the saliva of young CRF patients.5 Mueller et al were 
able to draw a correlation between blood and salivary 
urea within a group ofCRF children,6 As our study was 
performed with unstimulated whole saliva, it is not easy 
to compare our results with th e observations of 
Dahlberg et ai, Shannon et ai, 01' Mueller et ai , because 
they worked with stimulated parotid saliva. 6,18.19 
Stimulated secretions may have affected their results , 

From the standpoint of cariology, our observations 
suggest that the massive amounts of urea in saliva may 
lead to increased neutralizing capacity, as a result of a 
higher concentration of ammonia, arising from ureal 
hydrolysis. Thus, release of free acids by plaque would 
be inhibited once the plaque became saturated with 
urea, Such hypothesis conforms with the observations 
reported by Kleinberg, regarding the effects of the for­
mation of urea and ammonia in salivary sediments,20 In 
addition, since the salivary urea concentration remains 
quite high, even after dialysis , it could conceivably sus­
tain this cariostatic effect. 

The decrease in the concentration of some of the 
amino acids may represent a purifying effect; but also 
finds an explanation in the utilization of these molecules 
for metabolic purposes or in a detoxicating mechanism, 

Table 30 Calcium, magnesium and potassium content of saliva and blood of CRF 
children expressed in mM. 

Normal CRF 

Pre~nt RanJ?;e 1fl.2..1 T Tn stu y 

Saliva 
Ca' + 
Mg' + 
K+ 

1.21 :t 0.38 
0.34 :t 0.10 

16.29 :t 2.26 

1.5 ­ 4 
0.2 - 0.65 
19 -22 

0.41 :t 0.08 
0.04 :t 0,01 

20.75:t 4.76 

0.38 :t 0.09 
0.32 :t 0.03 

17.09 :t 3.58 

Bl<xxI 
Ca'+ 

K+ 

2.12 :t 2.75 

3.50 :t 5.00 

2.50 :t 0.20 

5.28 :t 0.84 

2.89 :t 0.25 

3.38 :t 0.35 

The observation that some of the amino acids, like Ala, 
vary and return to the normal concentration after di­
alYSis, may correspond to a utilization by micro­
organisms in the oral cavity of the amino acids not found 
in an exogenous supply, when they are depleted; or to 
the degradation of some salivary protein without utiliza­
tion of all the amino acids of the microorganisms, result­
ing in the increase of some of them. Hydroxyproline 
usually represents the tissular "s tress" amino acid; its 
slight, but regular, increase, as well as the glycine in­
crease, may correspond to a higher collagen turn-over 
provoked during the dialysis time period. With refer­
ence to the study of Dreyfus et ai, the values obtained 
for serine in the present investigation were eight times 
larger, both for the CRF children and the control 
group,21 At the present time, we have no explanation for 
this discrepancy, 

Concerning the decreased calcium, the considerable 
lowering in magnesium as well as the slight increase in 
potassium, in the saliva of untreated CRF children, no 
suitable suggestion can be proposed to explain these 
observations, apart from a cellular response enhancing a 
leak in electrolytes, which would appear to be returned 
close to normalcy by dialysis , Our results corroborate 
the observations of Earlbaum and Quinton. 22 The pat­
terns of ions in the salivas of the CRF children, com­
pared with those in' the control group, stand in sharp 
contrast to the blood electrolyte pattern where the CRF 
values were within normal ranges, The sodium was not 
analyzed, because the children were dialyzed against 
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sodium bicarbonate or acetate solutions , which would 
be expected to influence the measurements. 

In conclusion, the saliva of CRF children in the pres­
ent study, obviously, had a very disturbed composition. 
Additional and more detailed biochemical analyses are 
needed before we can reasonably hope to explain the 
properties of the saliva of such patients , particularly with 
respect to the surprisingly marked anticaries capacity of 
this fluid. 

REFERENCES 

1. 	 Fischbach , M. ; Sommermater, J ; Obry, F. et af: Anomalies den­
taires de I'enfant atte int d'insuffisance re nal e chronique. 
Medecine et Hygiene , 42:1259-1261, and Ibid 42:1346-1350, 1984. 

2. 	 Obry, F. ; Belcourt, A.; Frank, R. M. et af: Faible activite carieuse 
et pH salivaire de jeunes dialyses re naux chroniques. J Bioi Buc­
cale, 12 (6):181-187, 1984. 

3. 	 Chow, M. H. and Peterson , D. S.: Dental manage me nt ofchildren 
with chronic renal failure unde rgoing he modialysis the rapy. Oral 
Surg, 48:18-34, 1979. 

4. 	 Bach, R. ; Landeck, E .; Seipelt , H. e/ a/: Zahnentwicklung, Ka­
riesfreque nz und Struktur der Alveolarforstazes be i Kinde rn mit 
chronischer Nie re ninsuffizie nz. Stomat , 31:408- 413, 1981. 

5. 	 Stoppelaar, J. D . de: Urea and ammonia in saliva of caries inactive 
children with re nal disease. J De ntal Res. 61:3-225 (abstract ), 
1982. 

6. 	 Muelle r, W.A., Courts , F.J and Tapley, PM .: He lationship of 
salivary urea to caries incidence in CRF patie nts . J De ntal Hes, 63 
(3): Special Issue 1984 (abstract No. 120). 

7. 	 Wolf( A. ; Sarnat , H .: Stark, H . et af: De ntal and oral pathology in 
children with chronic renal failure . J De ntal Res, 63 (3): 549 
(abstract); 1984. 

We thank Mr. S. Gillmeth for his technical assistance and the nurses of 
the Pediatric Ward . Clinic Ill , Hopital de Hautepie rre , for the ir kind 
cooperation. 

I) . 	 Kre mbe \, J : Frank, R. M.: and De luzarche , A.: Fractionation of 
human de ntal plaques. Arch Oral Bio\, 14 (5):563-566, 1969. 

9. 	 Belcourt , A. ; Kremhe l, J : and Frank , R.M.: Les acides amines 
des Iipides de la matrice ace llulai re de la plaque dentaire et de la 
salive filtree chez I'homme. J Bioi Buccale , 1 (1): 57- 62, 1973. 

10. Trelstad , R. L. and Lawlev, K. H.: A simple economical buHe r 
svstcm for amino acid analysis. Anal Bioche m, 70:287-289, 1976. 

II. 	 Trelstad , R. L. : Amino acid analysis of collagen. Application Data 
Beckman DS-526, 1978. 

12. Beckman Instrume nts Inc.: Glycoprotein hydrolysate analysis , 
180 minutes single-column. 118IIWCL Applicatioll Notes AN 004 , 
1979. 

13. Hamirez-Munoz, J and Hoth , M. E.: Magnesium de te rmination in 
human blood serum by atomic absorption spectroscopy with Auto­
lam hurner. Flame Notes, 5:1-5, 1970. 

14 . Ramirez-Munoz, J. and Roth , M. E .: Magnes ium de te rmination in 
blood serum by atomic absorption spectroscopy with Autolam 
burne r. Flame Notes, 5:9-12, 1970. 

\.5 . Ramirez-Munoz, J and Roth , M. E.: Potassium de te rmination in 
human blood serum by atomic absorption spectroscopy with the 
autolam hurne r. Flame Notes, 5:16-19, 1970. 

16. Suddick, R. P : Hyde r, J ; and Fe lle r, H. P : Salivary water and 
electrolytes and oral health . In "The biological basis of delltal 
caries", Menaker, L. . ed . Hage rstown : Harper and How, 1980, pp 
132-147. 

17, 	 Regolatti , B.: Ammonia and urea in oral pathophysiology. A liter­
ature rcview. He lv Odont Acta , 15:139-146, 1971. 

II) . Dahlbe rg, W. H.; Sreebny, L. M.: and King, B.: Studies of parotid 
saliva and blood in he modialysis patie nts . J Appl Physiol, 
23:100-108, 1967. 

19. Shannon , I.L. ; Feller, H.P : Eknoyan , C . e/ a/: Human parotid 
saliva in renal failure and during dialysis . Archs Oral Bio\, 22 (2): 
83-86, 1977. 

20. 	 Kle inbe rg, I. : Effect of urea conce ntration on human plaque pH 
levels itl situ. Archs Oral Bioi , 12 (12):1475-141)4, 1967. 

21. 	 Dreyfus , PM. : Levy, H . L. ; and Efrow. M.L. : Concerning amino 
acids in human saliva. Experientia, 24:447-448, 1968. 

22. 	 Earlbaum , A. M. and Quinton , PM.: Elevated divalent ion con­
centration in parotid saliva from chronic re nal failure patients . 
Nephron, 28:58-61 , 1981. 

23. 	 Dawes, C .: The che mistrv and physiology of saliva. In "Textbook 
oforal biology" , Shaw, J H. e/ al. ed . Philade lphia: W. B. Saunders 
Co. , 1978, pp 593-616. 

CHANGES IN THE DISEASE BURDEN 

It is instructive to reflect on the differences in health status between the turn of the 
century and the present. Life expectncy at birth in the United States has increased from 
47.3 to 74 .7 years. Mortality among infants has been reduced from 162 to 10.6 per 1,000 
live births, among 1- to 4-year-old children from almost 2,000 to 50/100,000, and among 
5- to 14-year-old children from 390 to 20/100,000, surely a remarkable change. Life 
expectancy and infant mortality rates in Canada, worse than those in the United States 
earlier in the century, are now Significantly better. 

In 1900, infectious diseases were the leading cause of death . During the past 80 years , 
there has been a striking reduction in their incidence and lethality, in part because of 
better nutrition , less crowding, safe water, and nearly universal sanitation. Nonethe ­
less, medical interventions, notably pre- and perinatal care, immunizations, and 
chemotherapy, were major factors in the dramatic change. 

Eisenberg, L.: Preventive pediatrics: the promise and the peril. 
PediatriCS, 80:415-422, September, 1987. 



433 NOVEMBER-DECEMBER 1987 

JOURNAL OF DENTISTRY FOR CHILDREN 

The unpredictability of 
primary molar resorption following 

ectopic eruption of permanent molars 

Although numerous reports document the preva­
lence , etiology and treatment of ectopically e rupting 
maxillary first pe rman e nt molars, little e mphasis is 
given to the necess ity of close supervision of second 
primary molars following cOlTections. Without close su­
pervision, space loss and its de trimental effects on the 
dentition may occur. The purpose of this paper is to 
present case histories de monstrating the unpredic­
tability of the resorptive process which may occur to the 
roots of second primary molars and may continue until 
the tee th are prematurely lost. 

LITERATURE REVIEW 

Ectopic e ruption of the first pe rmanent molar refers to 
an abnormal position of this tooth causing pre mature 
resorption of the distal surface of the second primary 
molar. 1-6 In some cases, the permanent molar COIT~cts its 
path of e ruption and erupts into a normal position . This 
is refelTed to as a reversible, or "jump" type of ectopic 
condition, in contrast to an ilTeversible type, or "hold" 
type, where the permanent molar is blocked from erup­
tion .7.8 The irreversible ectopic e ruption usuall y re­
quires some form of treatment to allow the eruption of 
the first permanent molar into occlusion. Two-thirds of 

scases , however, cOlTect themselves.7. 

Dr. Weinberger is Assistant Professor, and Dr. Wright is Professor and 
Chairman, Division of Paediatric Dentistry, Faculty of Dentistry, The 
University of Western Ontario. 

Sergio J. Weinberger, DDS, cert. pedo. 
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The reported in<.:idence of ectopic e ruption ranges 
fi'om 2 pe rcent to 4.3 percent of the population. 2-1i It is 
more commonly associated with maxillary first penna­
nent molars , and seldom occurs in the mandibular first 
pe rmanent molar area. There is no sex difference." Call' 
and Mink, however, have documented a much higher 
incidence in cleft: palate children, ranging as high as 30 
percent in Yeau Type III c1efts .6 

Many e tiologic factors have been suggested for ec­
topic e ruption of first pe rmanent molars . Small arches, 
the paths of e ruption of permanent molars , and early 
e ruption of maxillary first pe rmanent molars are factors 
that may cause ectopic e ruption .\) Lack of bony growth 
in the tuberosity region has also been re lated to this 
anomaly. 3 Examining late ral cephalograms and dental 
cas ts offorty-six children with ectopic e ruption , ranging 
in age from four to twelve years , Pulver noted that a 
combination offactors contributed to ectopic e ruption of 
the maxillary pe rmanent first molar. These hlCtors in­
cluded: larger than normal maxillary primary and per'­
manent tee th; shorter than normal length of the maxilla; 
maxilla is in a poste rior re lationship to the cranial base ; 
abnormal angulation of e rupt ion of the pe rmanent molar 
exists; and the re is de layed calcification of some affected 
first pe rmanent molars.7 Others also have arch-length 
defici ency re lated to this condition. 10.11 

Only a few papers have mentioned the long term 
effects of ectopic e ruption on maxillary second primary 
molars . Kurol followed the resorption of the second 
primary molars after reve rsible ec topic e ruptions of 
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Figure 1. A series of radiographs of the developing dentition. 
(A) Bitewing radiograph at 6.5 years of age shows extensive 
resorption on the right side as compared to the left side. (B ) A 
delayed resorptive process is evident on the left side . while the 
right second prinUlry molar exfoliated prenUlturely. 1n C ob­
serve the progressive space loss on the right and continued 
delayed resorption process all the left side. (D) A slight in­
crease in the resorption process is evident . (E) The late mixed 
dentition bitewing radiographs taken 3.5 years later show all 
impacted prel1wlar on the right side alld adequate space for 
the erupting dentition 011 the left side. 

maxillary first permanent molars .l He found that of 
ninety-two teeth studied, only two teeth were lost pre­
maturely, occurring shortly after the eruption of the 
permanent molars. Of the ninety remaining teeth, only 
thirteen (14 percent) showed further resorption during 
the observation period . All the teeth were normally 
exfoliated. Kurol suggested that in cases of reversible 
ectopic eruption, it is reasonable to expect an arrest of 
the resorption of the primary molar and to assume that 
the atypically resorbed second primary molar will need 
no treatment after the eruption of the maxillary first 
permanent molar.l Starkey reported a case of early loss 
of the primary tooth occurring after the molar had cor­
rected its position.I2 In his report the patient com­
plained of pain and swelling in the area and there was 
evidence of cellulitis, necessitating extraction. In the 
majority of the cases, however, pain is not related to this 
condi tion . 8.12 

CASE REPORTS 

Case 1 

A 6.5-year-old, white male, in the early mixed dentition 
stage, presented for a recall examination in a private 
dental office. Bitewing radiographs were taken and re­
vealed a moderate resorptive process on the distal sur­
face of the left second primary molar (Figure lA). On the 
right side, the resorptive process was severe, involving 
crown and roots . The patient was dismissed and recalled 
six months later, when new bitewing radiographs re­
vealed that the resorptive process seemed to be delayed 
on the left side. The upper right second primary molar 
had exfoliated prematurely and space loss had occurred 
(Figure IB). Only restorative treatment was performed. 

The patient was seen again , a year later (Figure lC). 
The emphasis appeared to have been on restorative 
treatment rather than on guiding the developing denti­
tion. Six months later (Figure ID), the space loss had 
increased on the right side. On the left side, a slight 
increase in the resorption process can be noticed. The 
late mixed dentition result of this case can be observed 
in Figure IE. On the left side, the second premolar is 
erupting prematurely, but adequate space is available. 
On the right side, however, there appears to be a con­
tinuing space loss and the second premolar is impacted 
between the first premolar and permanent first molar. 
The patient will require major orthodontic treatment to 
correct this malocclusion . 

http:position.I2
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Case 2 

A 5.5-year-old black male presented to a private pedi­
atric dental office for recall examination. Initially, two 
bitewing radiographs of the primary dentition were 
made (Figure 2A). No interproximal caries lesions were 
detected and there was no suspicion that ectopic erup­
tion would occur. Radiographs taken sixteen months 
later revealed, however, that the upper left first perma­
nent molar was resorbing the distal root of the second 
primary molar (Figure 2B). Twelve months later, new 
bitewing radiographs were made (Figure 2C). Severe 
premature resorption of the root of the upper left second 
primary molar was evident. The tooth prematurely ex­
foliated and a small space loss occurred. These bitewing 
radiographs also showed a resorptive process on the 
right side. One year later new radiographs were taken 
(Figure 20). They show a bandloop space maintainer in 
place . On the right side, the resorptive process seemed 
to be arrested. Bitewing radiographs three years later 
showed all the premolars in occlusion (Figure 2E). In the 
interim, the child wore a removable appliance to move 
the maxillary second primary molar distally, recapturing 
the small space loss . 

DISCUSSION 

These cases demonstrate what appears to be two types of 
resorption associated with ectopic eruption. In both 
cases a progressive resorptive process occurred on one 
side and a stationary resorptive type on the other side. 
The cases point out the unpredictable courses of resorp­
tion. 

The cases also emphasize the importance of close 
follow-up. Even in the same patient, the bilateral resorp­
tion rates were variable. Close follow-up resulted in a 
successful outcome for one patient (Case 2); whereas the 
other patient (Case 1) was less fortunate , requiring major 
orthodontic treatment as a sequela of the ectopic erup­
tion . The patient in Case 2 had a favorable outcome 
resulting from close supervision, although a more ag­
gressive approach could have been adopted. When the 
third set of bitewing radiographs was taken , the roots 
were resorbed. Removal of the second primary molar 
and placement of a space maintainer at that time could 
possibly have prevented even the minor distal move­
ment required . 

According to Kurol , "One could expect an arrest of the 
resorption of the primary molar in cases of reversible 
ectopic eruption" and assume that the atypically re-

Figure 2. A series of radiographs from primary through to 
pennane'lt dentitions. (A) Bitewing radiographs of 5.S-year­
old show no signs of ectopic eruption on either side. (B) Signs 
of resorption on distal root ofupper left second pril1wry molar 
were observed. following first molar eruption. (C) One year 
later, severe reso rption of the left prilnary IIwlar isformd and 
reso rption in the primary molar on the right side was first 
noticed. (D ) Space l)wintainer is in place. Mininwl space loss 
occurred and resorption on the right side appea red arrested. 
(E) All premolars a're in occlusion. 
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sorbed second primary molar will need no treatment , 
after the eruption of the maxillary first permanent mo­
lar.1 The cases reported in this paper demonstrate that 
this does not always occur. 

It is recommended that, in situations similar to the 
cases described, the dentist carefully examine the radi­
ographs and follow each case closely. Another precau­
tionary measure is to advise a parent about the situation. 
Advise them to call the dentist, if a molar is lost. Most 
parents are unaware that the molar losses may be pre­
mature and they can lead to major orthodontic prob­
lems. 
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TREATMENT OF THUMBSUCKING 

Treatment of thumb-sucking needs to be measured against the risk. If the sucking habit 
is "empty" or devoid of adaptive function, then the risk of ignoring it is probably greate r 
than the risk of treating it. But if the habit is "meaningfu\" or perf()J'Jns an adaptive 
function , then treatment may pose the greater risk . 

Thumb-sucking in inf~lI1cy appears meaningfu\' and in most cases it should be 
ignored. Sucking in children who are in crisis is an adaptive response and should not be 
treated . But if the habit remains once the crisis has passed , treatment is indicated . 

Thumb-sucking is an inferior limn of gratification I())" an older child's net'ds. It 
involves a highly simplistic manipulation of the body. It does not lead to generalized 
skill development or increased competence. In short , thumb-sucking contributes little 
if anything to an otherwise normal older child 's adaptive behavior, and it presents many 
risks to the child's health . Therefi)re. otherwise normal children who have reached the 
age of 4 and who still suck their thumbs should be treated. 

Why begin treatment at age 4? 
• 	The average age at which spontaneous remission of thumb-sucking appears is about 4 

years. Waiting until this time may render treatment unnecessary. 
• 	To avoid self-esteem problems resulting from unpleasant feedback from peers and 

authority figures outside the home , the habit should probably be stopped before the 
child enters school. If treatment begins at 4 years of age, parents and child have a year 
to work on the habit. 

• 	The dental problems that occur in chronic thumb-sucke rs are more difficult to COlTeCt 
if the habit persists beyond the age of 4. Bv this age, the adaptive value of thumb­
sucking is far outweighed by its maladaptive possibilities . 

• 	 Four-year-old children have available many alternative responses that can serve a 
function similar to that of thumb-sucking. 

• 	 Four-year-old children are easier to distract and refocus than younger children, so 
treatment at this age may be easier. 

Friman PC. : Thumbsucking in childhood. WIC CurTents, Vol. 13, No.4, 1987. 



Com parison of 
chloral hydrate-hydroxyzine 

with and without meperidine 
for management of the 

difficult pediatric patient 
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By virtue of its wide range of safety, oral chloral 
hydrate (CH), alone or in combination with hydroxyzine 
(H), or promethazine is the most frequently used office 
preoperative medication to manage difficult young pa­
tients requiring extensive restorative treatment.' 
Despite its widespread use, frequent unsatisfactory and 
unpredictable levels of sedation have been reported, 
when attempting to treat highly disruptive patients, 
using the manufacturer's recommended 50 mg/kg hyp­
notic dosage. 2' 4 While some authors have suggested 
higher doses, substantiation of their safety and effec­
tiveness is lacking. 

Need exists for controlled research to establish dosage 
guidelines for chloral hydrate combinations, particularly 
for management of the refractory child. As an alternative 
to Significantly increasing CH dosage, selecting a par­
enteral route, or general anesthesia, this retrospective 
study assessed the efficacy and safety of a CH-H com­
bination using both the standard (manufacturer's) and 
higher dose (70 mglkg) of CH with and without oral 
meperidine. 

The study has three specific aims: 
o To assess the effectiveness of CH-H combination 

using the standard and higher doses in overcoming 
refractory behavior. 
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tice limited to Pediatric Dentistry, Oak Brook, [L. 
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D To assess the impact of the addition of low doses of 
oral meperidine on the success of the standard and 
higher doses of CH. 

D To examine the adjunctive effect of nitrous oxide, 
when medications alone fail to obtund disruptive 
behavior. It was hypothes ized that the addition of 
meperidine, without increasing risk, would potenti­
ate the depth of sedation sufficiently to permit treat­
ment with less interfering behavior and less need for 
harsh physical restraint. 

While selection of a route of administration which 
permits titration is considered ideal, the feasibilit y and 
practicality of the IV route for the disruptive young child 
is limited. Given the difficulty associated with vein can­
nulation on an uncooperative child, the extensive arma­
mentarium required, and particularly an increasing 
trend toward prohibitive liability costs for in-office par­
enteral sedation, the oral route remains viable for man­
agement of difficult children, despite its recognized lim­
itations . 

BACKGROUND 

On the basis of extensive clinical experience, Trapp and 
Kopel advocated the use of higher doses of chloral hy­
drate (70-75 mglkg, respectively) to circumvent the oc­
CUlTence of underdosage on difficult children. 3.4 Others 
report similar observations and have attempted to 
provide substantive data to assess the efficacy and safety 

1Jof these higher doses .5­
A few clinicians reported using dosages ranging from 

75-100 mglkg for pediatric dental and medical manage­
ment.l .12-15 Although reporting successes with minimal 
or no adverse reactions, none of these latter medical 
trials can be considered controlled investigations . Com­
prehensive reviews of existing studies and problematic 
issues involving chloral hydrate were reported by 

18 Nathan and Moore. 16­
Most investigations to date have encountered diffi­

culty in parcelling out specific dose responses attribut­
able to chloral hydrate . Sample sizes have generally 
been small or have used excessively wide ranges in age 
and weight; the failure to es tablish specific criteria for 
selection of subjects, in terms of the relationship of the 
criteria to the degree of apprehension and resistance, 
contributes to the variation of success, using various 
dosages of chloral hydrate . Studies which have at­
tempted to compare dissimilar regimens, or those which 
utilized a fixed concentration of nitrous oxide on all 
subjects have confounded the ability to detect dif­
ferences attributable to the primary sedative agent(s). 

MATERIALS AND METHODS 

Subjects 

One hundred thirty-five patients, ranging in age from 
eighteen to sixty months (mean: 34), selected on the 
basis of an inability to perform restorative treatment 
without rigid physical restraint or potent pharmacologic 
medication , were treated in 142 visits . The exten­
siveness of treatment demands were such that patients 
requiring minimal types of treatment were excluded. 
Only those requiring a minimum of forty-five minutes of 
protracted cooperation to complete restorative treat­
ment were included . 

Treatment was provided within institutional and pri­
vate practice settings by eight graduate pedodontic stu­
dents and two pediatric dentists . All subjects were 
assessed with respect to their CUITent cardiovascular and 
respiratory status, before the administration of oral 
agents. Preoperative NPO instructions for a minimum of 
six hours were enforced. A sedation log was maintained 
for each subject with recordings of blood pressure, 
pulse, and respiratory rates before the administration of 
drugs, before the commencement of treatment, at five to 
ten minute intervals during treatment, and until dis­
charge from the dental clinic or private office. A precor­
dial stethoscope was used during the dental treatment 
phase for continuous monitoring of the rhythm and 
quality of heart and lung sounds. Close attention was 
given to the maintenance of a patent airway, to preclude 
potential soft tissue obstructions related to head, neck, 
or jaw posture, or oversedation. 

Medications 

Subjects received orally, either: 
D Chloral hydrate, 50 or 70 mglkg, plus hydroxyzine, 

25 mg, or 
D Chloral hydrate, 50 or 70 mg/kg, plus hydroxyzine, 

25 mg, plus meperidine, 20-30 mg. 

Availability Regimen A Regimen B 

C H 500 mg/5cc 50 or 70 mg/kg 50 or 70 mg/kg 
Hydroxyzi ne 25 mg/5cc 25 mg 25 mg 
Meperidine' 25 mg/2.5cc 1.5 mg/kg' 

• Absorption of meperidine by the oral route approximates 50 percent. 

The selection of oral meperidine was not arbitrary. Its 
addition, even though the drug has a shorter duration of 
action than CH, was expected to provide an analgesic 
quality to the combination to overcome arousal, result­
ing from noxious intraoral manipulation, typically asso­
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ciated with injection of a local anesthetic, placement of a 
rubber dam clamp or mouth prop, or preparation of a 
cavity. 

Hydroxyzine, in a standard dose of 25 mg, was used, 
because of its anti-emetic qualities, to offset the tend­
ency of chloral hydrate to upset the gastrointestinal 
tract. 

Nitrous oxide-oxygen, in concentrations ranging from 
10-50 percent, was used only after oral medications 
failed to produce adequate sedation, following a sixty­
minute latent period; or as sedative effects weakened, 
when additional working time was needed to complete 
treatment. Since nitrous oxide proVides analgesia and 
offers the capacity for titration , data to compare the 
adjunctive benefit of nitrous oxide versus oral 
meperidine were considered useful. 

All restorative treatment was performed, using 2 per­
cent Lidocaine with 1:100,000 epinephrine, using rub­
ber dam wherever feasible . Visits lasted between sixty 
and ninety minutes (mean : seventy). 

Evaluation of sedation 

The primary objective of sedative medication in this trial 
was to overcome extremely disruptive behaviOl~ and 
thus permit an acceptable quality of treatment. The 
sedation was considered "successful" if harsh physical 
restraint, by a papoose board or auxiliary personnel, was 
not needed to overcome persistent behavioral inter­
ference . The occurrence of infrequent and transient 
episodes of misbehavior or reflex-type behavior, neces­
sitating only brief intervention, was not construed as an 
indication of an inadequate level of sedation. Similar 
distinctions were made with respect to the need for 
mouth props to maintain oral access under conditions of 
behavioral resistance vs patient fatigue. While the use of 
harsh restraints may be considered necessary and appro­
priate in some emergency medical situations, its appro­
priateness for lengthy dental procedures is unclear. For 
the purpose of this retrospective study, this issue was 
considered beyond the study's scope. 

STATISTICAL METHODS 

For the purpose of data analysis, the study population 
was divided into two groups on the basis of whether 
nitrous oxide was used. Within each of the nitrous and 
nonnitrous groups, four subgroups were evaluated on 
the basis of the amount of chloral hydrate received and 
whether meperidine was administered. Two outcomes 
were considered for each patient: 
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Figure. Overall comparison of chloral hydrate plus hydrox­
yzine with and without the use o{meperidine. 

o The absence of the need for harsh restraint to com­
plete treatment and 

o Whether treatment was completed (regardless of 
restraint needed). 

The number positive or negative for each of the outcome 
measures were compared for each of the four drug sub­
groups within the nitrous and nonnitrous conditions. 
The four sets of comparisons were made, using the log 
likelihood ratio test for contingency tables. 19 The statis­
tic calculated has an approximate chi- square distribu­
tion with three d egrees of freedom. For those 
comparisons with P- values less than 0.05, selected com­
parisons of the proportions from the four subgroups, 
positive for an outcome measure, were made using an 
extension of Tukey's multiple comparison method for 
means in an analysis of variance setting.19 

RESULTS 

Comparisons illustrated in the Figure depict the fre­
quency with which treatment was completed with and 
without meperidine , and the extent to which harsh 
physical restraint was necessitated. Overall, regardless 
of the chloral hydrate dosage, sedation was 45.6 percent 
more successful (defined by an absence of persistent 
interfering behavior) when meperidine was added. Sim­
ilarly, the need for harsh restraint to complete treatment 
was 35.6 percent less when meperidine was used. 

Breakdown of the the rapeutic success of the manufac­

http:setting.19


'filble I 0 Therapeutic success of manufacturer's and higher doses of C H with and without meperidine and N10 . 

lil tal no. 
Number of ~"mpletin~ 
successful treatment 

Total sedations (Restraint 
Group number (No restraint ) Percent incl uded) Perl'ent 

50 mg/kg w/mep 10 6 60. 0 10 100.00 
50 mg/kg 12 1 1>.:33 10 113.33 
70 mglkg w/mep 9 9 100.00 9 100.00 
70 mglkg 13 3 23.0!! II /)4 .62 

50 mglkg w/mep 32 24 7,5.00 30 93.75 
50 mglkg 28 7 2S. 00 19 67.86 
70 mg/kg w/mep 8 6 7,5. 00 Il 100.00 
70 mg/kg 22 12 .54 ..5.5 13 ,59.09 

turer's and higher doses of CH with and without 
meperidine are found in Table L The total number of 
patients in each of the four subgroups, under conditions 
with and without nitrous , are shown. In addition , the 
number positive and associated proportion is given for 
each of the outcome variables. 

Only the results for the non harsh restraint outcome 
showed significant differences with a P-value less than 
0.05: for subjects not receiving nitrous oxide , 0.01 
< P<0.05, and for the nitrous condition , 0.25< P< 0.05; 
for the treatment- completed outcome (restraint in­
cluded), P> 0.3 for the nonnitrous and 0.05<P< 0.1O for 
the nitrous condition . 

For the no-need-for-harsh-restraint outcome (suc­
cessful sedation), five pairwise comparisons of propor­
tions were considered important. The comparisons and 
the results (S for significant, and NS for nonsignificant) 
for each group are given in Table 2 (results with a P-value 
< 0.05 were considered significant). 

Impact of meperidine 

In comparison 1, no differences were observed between 
the 50 mg/kg and the 70 mg/kg doses ofCH. While poor 
success with the manufacturer's dose is not surprising, 
the negligible improvement with the higher dose was 
unexpected and falls short of success rates previously 
reported. The data suggest , if meperidine is not being 
added, better results may be expected using the higher 
CH dose supplemented with nitrous oxide . On the 
other hand, a 55 percent success rate is inadequate from 
either a clinical or statistical perspective. 

The potentiating effects of meperidine added to the 50 
mg/kg CH (comparison 2) showed a statistically signifi­
cant improvement, with or without nitrous oxide. The 
importance of this finding is further enhanced by the 
results of comparison 5. The data strongly suggest that 
the addition of meperidine to the 50 mg/kg dose pro­
duces more consistent and effective sedation than selec­
tion of the higher dose alone. 

Comparison 3 suggests that there were no differences 
between CH doses with meperidine when nitrous was 

needed; when nitrous was not needed, the higher dose 
with meperidine yielded better results. Although the 
implication is that the greatest success rate occurs with 
the latter, caution must be taken in accepting this pre­
mise on the basis of the limited samples. The potential 
benefit of the higher dose - meperidine combination for 
the extremely refractory patient, unresponsive to trials 
using the 50 mg/kg dose, warrants , however, further 
study. 

A puzzling inconsistency occurs in comparison 4. In 
the non nitrous condition , the effect of meperidine ap­
pears substantial, 9/9 vs 3/13. With nitrous oxide, al­
though better with meperidine, the margin between the 
CH doses , however, was low. One explanation, other 
than small samples, relates to the criteria under which 
nitrous was used, i.e. when medications themselves 
were inadequate. These subjects appeared to manifest 
the highest levels of anxiety and resistance, and as such , 
may have been resistant to the dosages. Nine of twenty­
two subjects receiving 70 mg/kg CH without 
meperidine and nitrous oxide were unmanageable, even 
with considerable restraint applied. Seven of the nine, 
however, were successfully treated when meperidine 
was added , while only two required general anesthesia. 

Incidence of adverse reactions 

Except for four episodes of vomiting, immediately fol­
lowing initial administrations of oral agents, there were 

Table 2 0 Comparison of therapeutic success of the sedative regimens. 

Comparison 	 With NzO Without NzO 

I. 	50 mg/kg CH (no meperidine) 
vs 70 mglkg CH (no meperidine) S NS 

2. 	 50 mglkg CH with meperidine 
vs 50 mglkg CH (no meperidine) S S 

3. 	 50 mglkg CH with meperidine 
vs 70 mglkg CH with meperidine NS S 

4. 	70 mglkg CH with meperidine 
vs 70 mglkg CH (no meperidine) NS S 

5. 	 50 mglkg CH with meperidine 
vs 70 mglkg CH (no meperidine) S S 

S = statistically significant (P4nl.05) NS = nonsignificant 
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no additional episodes of nausea or vomiting, or detecta­
ble loss of protective reflexes. No episodes of respiratory 
depression or obstructions, or cardiovascular changes 
were observed. 

DISCUSSION 

Need for a more predictable 
and effective oral regimen 

The findings of this study are consistent with the obser­
vations of several clinicians who report frequent failure 
with the manufacturer's recommended 50 mglkg dose of 
CH with hydroxyzine (or promethazine) lor refractory 
young children . In view of the acknowledged limitations 
encountered with the oral route (e.g. variable absorp­
tion due to stomach contents, partial drug inactivation 
through the hepatic-portal circulation, or "first- pass" 
metabolism), these findings are not surprising. Factors 
often underemphasized for their contributions to the 
variable responses to sedation include the patient's emo­
tional state, basal metabolic rate, and degree of resis­
tance. The availability of drug-response curves that re­
flect heightened levels of child anxiety would contribute 
greatly to our ability to select dosages which produce 
adequate sedation with greater frequency. From the 
medical trials reported, there appears to be little reluc­
tance to use CH dosages in the range 01'80-100 mglkg, to 
achieve adequate sedation lor procedures that may be 
less invasive and shorter in duration. 

The hypnotic dose of CH should only be expected to 
induce sleep for an essentially compliant individual; as 
such, the low success using the manufacturer's recom­
mended dose on highly resistive subjects in this study 
was not unexpected. Evidence, therefore, appears to 
exist in support ofTrapp's suggested 50-70 mg/kg dosage 
guideline (when used without meperidine).3 

In this study, the 75 percent and 91 percent failures of 
the 50 mg/kg dosage, with and without nitrous oxide, 
respectively, support the extent to which subjects were 
difficult to manage . Studies reporting relatively good 
success with lower doses of chloral hydrate or placebos, 
suggest that the subjects selected varied widely with 
respect to levels of anxiety and actual need lor sedation. 
Studies whose primary focus is to establish dose- re­
sponses must incorporate a selection criterion that is 
both valid and specific to the agent(s) used and depth of 
sedation sought. This retrospective analysis attempted 
to apply a simplified patient selection criterion, to mini­
mize inclusion of insufficiently resistive subjects. Pro­
spective studies that further define behavioral selection 

and subjects at random are needed. 
Given the high frequency of/ailure in the use of the 50 

mg/kg dose lor very difficult young children, the inter­
pretation of drug responses and the judgment necessary 
to take con-ective action become critical. Often , charac­
teristic of an inadequately sedated child with CH, is a 
paradoxical state of agitation, which can persist beyond 
the latent period. On almost all occasions, this is due to 
an underdose rather than overdose. [n many cases, the 
child can appear well-sedated and somnolent until intra­
oral stimulation (e.g. placement ofa mouth prop, topical 
or local anesthesia, rubber dam clamp, or cavity prepa­
ration) at which point, awakening and persistent agita­
tion result, frequently exceeding predrug levels of 
resistance. At this juncture, either more or less drug is 
needed or a decision is made to abort treatment and 
reschedule, using alternate dosages , agents, or another 
modality altogether. Frequently the latter is necessi­
tated by virtue of the impracticality of having an agitated 
patient ingest additional medication or the time associ­
ated with further delay in onset. 

In electing to increase the CH dosage, the practi­
tioner faces a dilemma. On one hand, in exceeding the 
manufacturer's recommendation, the clinician may be 
subject to criticism, should an adverse reaction or com­
plication result. On the other hand, an insufficient dos­
age results in inadequate treatment of the patient. It 
seems logical, however, that documentation ora patient's 
inadequate response to a recommended dose would 
serve as justification for selecting a higher dose. Under 
these circumstances, oversedation resulting from a rea­
sonable upward adjustment in dosage is unlikely. Nev­
ertheless, although remote, this possibility should never 
be ruled out. 

Reluctance to exceed manufacturer's dosage recom­
mendations, however, may be cause to abandon the oral 
route for a parenteral or unconscious technique. As the 
use of parenteral techniques within an office setting is 
becoming cost prohibitive from escalating liability insur­
ance coverage, many practitioners are opting for treat­
ment in a hospital setting rather than considering an 1M, 
IV, or submucosal technique in their offices. For families 
unable to incur expenses associated with the hospital or 
general anesthesia, the need for a safe and effective oral 
sedation regimen is of paramount importance. 

This study focused on oral agents with well-estab­
lished ranges of safety, used in combination, to circum­
vent the limitations of chloral hydrate-hydroxyzine for 
unmanageable children. Despite the limitations of oral 
adminstration, its, ease and relative safety (assuming 
adequate training and appropriate judgment), wan-ant 
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continued study, to develop more predictable regimens 
and dosage schedules for the refractory child . 

Effect of nitrous oxide 

An objective of this study was to examine the benefit of 
adding nitrous oxide as a potentiating agent, when oral 
medications alone were inadequate. A logical clinical 
question is whether its addition is a better alternative to 
either increasing CH dosage or adding meperidine. 
Since wide variation in patient response to different 
concentrations of nitrous oxide occurs, the use of fixed 
concentrations of inhalant was avoided. In this manner, 
the opportunity to avoid either excitement (from exces­
sive concentrations) or underdosage (from inadequate 
concentrations) was maximized. Subgrouping of nitrous 
and nonnitrous visits was expected, therefore, to cir­
cumvent difficulties in assessing specific responses to 
drug and dose. 

As described in the preceding section, nitrous oxide 
was found beneficial, when meperidine was not used. In 
view of nitrous oxide's relatively weak potency (MAC ­
100 percent), * this is not surprising. Nevertheless , if by 
the addition of a titrable agent, such as nitrous oxide, 
adequate sedation was achieved, the need for another 
nontitrable oral agent (such as meperidine) would be 
offset. The data do not appear to suggest, howevel~ that 
the addition of nitrous is superior to adding meperidine. 

Depth of sedation 

Continuous monitoring and assessment of the depth of 
sedation of the patient receiving hypnotic doses ofCH is 
essential. Although preferable to maintain a conscious 
state that readily permits oral communication, this ob­
jective is often not achievable with nontitrable agents; 
the onset of somnolence is more the rule than the excep­
tion, when using hypnotic doses of CH. Although it 
might be argued that this leve l of depressed con­
sciousness does not differ significantly from the unmedi­
cated child patient who falls asleep during treatment , 
induction of somnolence mandates careful and continu­
ous patient monitoring. This point cannot be over­
emphasized, and it is imperative that the dental office be 
properly equipped and that the practitioner and staff be 
competent in the management of the airway of the se­

*MAC Minimum alveolar concentration . A measure which re fl ects 
the relative potency of anesthe tic agents as the concentration at which 
50 percent of the population is rende red unconscious and unrespon­
sive to noxious stimulation. 

dated or unconscious patient. The extent to which the 
patient is arousable and the appropriateness of his re­
sponse to physical stimulation or verbal command are 
determinants of whether classification falls under "con­
scious" vs "deep sedation. "20.21 

At present , objective data are needed to identify a 
reasonable upper limit in CH dosage on a mg/kg basis for 
young, difficult children. One study reported that four of 
fifteen subjects, when intentionally obstructed, were 
unable to self- maintain a patent airway with dosages of 
60 mg/kg CH with 40 percent nitrous oxide. lO Under 
conditions where subjects are not particularly ap­
prehensive or difficult , it is conceivable, if not likely, 
that this regimen could cause oversedation. The extent 
to which many of the subjects in this study were man­
ageable by non pharmacologic means or low doses ofCH 
supports this premise . 10 The 46 percent, 40 percent, and 
27 percent success rates reported with a placebo, 20 mg/ 
kg, and 40 mg/kg doses of CH, respectively, strongly 
suggest a large number of subjects were insufficiently 
anxious to warrant medication at the outset. 

Recently attention has been directed at a need for 
improved research design and sophistication in studies 
involving child dental anxiety and management. 22-24 An 
issue not adequately addressed in the design of phar­
macologic studies in children relates to the definition of 
the criteria used in the selection of subjects who would 
make it possible to make objective assessments of drug 
efficacy. If subjects do not manifest sufficient pretreat­
ment resistance to anxiety, greater success is to be ex­
pected, when lower medication doses are administered; 
further conclusions to be drawn with respect to recom­
mendations for a dosage schedule will fall seriously short 
for the unmanageable child . Following this scenario, 
warnings related to what might constitute upper limits 
of dosage will be unwarranted. Alternately, the applica­
tion of appropriate selection criteria alone does not ex­
cuse or preclude negligent or incompetent judgment 
with respect to use of excessive dosages or drug com­
binations. Case studies reporting morbidity and mor­
tality records of dentists employing irresponsible doses 
of narcotics, in addition to their grossly exceeding toxic 
doses oflocal anesthetics, have justifiably focused atten­
tion on the need for closer regulation of the use of 
sedation in dental practice. Sensationalization of iso­
lated instances involving inadequately trained and inex­
perienced practitioners, does affect, however, those who 
are competent users of sedation. Nevertheless, all possi­
ble precautions for the use of conscious and deep seda­
tion , in conformity with accepted guidelines must be 
taken, to assure patient safety.20.21 

http:safety.20.21
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Recovery 

An issue not addressed by the present study was the 
effects of the proposed regimens on duration of action 
and recovery. The point at which the patient safely can 
be discharged to the custody of an untrained individual 
(parent) after having received the proposed regimens 
warrants further study. 

Needed is an oral regimen with greater efficacy than 
50 mg/kg CH and which provides adequate working 
time and minimal recovery time. At present, only par­
enteral techniqu es offer opportunity for controlling 
working time and recovery. Assuming that few practi­
tioners will be able to accept the three-to-nve-fold in­
creases in liability coverage associated with the 
infrequent use of office parenteral sedation, it seems 
reasonable to expect that the only remaining viable 
management choices include harsh physical restraint or 
general anesthetics . Where parents object to restraint 
or financial considerations preclude hospital manage ­
ment , both dentist and family face a dilemma. 

As chloral hydrate dosage is increased it seems logical 
to expect concomitant increases in recovery time. Even 
at the 50 mg/kg dose, it is not uncommon for a child, if 
left unstimulated, to fall asleep for several hours after 
treatment has been completed. Although CH sedation 
sufficient for treatment dissipates after approximate ly 1 
to 1.5 hours , its residual sleep- inducing properties rep­
resent a distinct disadvantage to this modality. Rather 
-than prolong recovery further by increasing CH dosage, 
the addition of low doses of oral meperidine was ex­
pected to potentiate the chloral hydrate , sufficiently, to 
overcome resistive behavior; yet be metabolized within 
a shorter period , to permit more rapid recovery. Based 
on preliminary observations, subjects receiving 50 mg/ 
kg doses CH appeared more easily arousable and am­
bulatory sooner than the higher dose subjects. Further 
study is needed to clarify these observations. 

SUMMARY AND CONCLUSIONS 

This study attempted to examine the impact oflow doses 
of meperidine on the effectiveness of two doses ofCH for 
management of highly resistive young pediatric dental 
patients. The results suggest patient manageability was 
enhanced by the addition of oral meperidine . As an 
alternative to a parenteral technique or general anes­
thetic, the clinician may wish to consider this regimen 
after having experienced failure ofCH either alone, or in 
combination with an antiemetic, to produce an adequate 
level of sedation. 

The extent to which application of physical res traint is 
considered necessary or acceptable should be taken into 
account, when evaluating the need for a regimen of 
medication. If the purpose of selecting a sedative tech­
nique is to accomplish lengthy treatment without harsh 
restraint, the degree to which res traint is needed no 
doubt reRects on the adequacy of the sedative regimen . 
The addition of meperidine was found to reduce signifi­
cantly the need for persistent harsh physical restraint , to 
allow treatment of the refractory young child. While the 
brief appli~ation of harsh restraint measures may be 
wan'anted and justifiable in emergency medical situa­
tions , it seems unwise to make use of harsh restraint for 
lengthy e lective dental procedures. Given the extent to 
which many adults report negative childhood dental 
experiences, avoidance of the use of aversive measures 
seems desirable. Of the cases receiving meperidine , 
76.3 percent were treated successfully (no need for per­
sistent restraint), compared to the successful treatment 
of only 30.7 percent of the patients sedated without 
meperidine. Although nine of nine visits using the 70 
mglkg dose of CH and meperidine were successful, 
further study is indicated , to dete rmine the need for the 
higher dose , when meperidine is added. From a statis­
tical point of view, the results suggest that use of the 
high e r CH dos e may not be warrant e d , when 
meperidine is included. Until additional controlled 
studies involving greater sample population and blind 
conditions are conducted, use of the higher dose with 
meperidine should likely be limited to cases where 
inadequate sedation is achieved with the 50 mg/kg dose 
and meperidine. 

Also, further study of the elements of recovery should 
be undertaken to guide clinicians in the safe and effec­
tive use of this sedative combination for the refractory 
young child. 
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NEONATAL ANESTHESIA 

There is an increasing body of evidence that neonates , including those born preterm, 
demonstrate physiologic responses to surgical procedures that are similar to those 
demonstrated by adults and that these responses can be lessened with anesthetic 
agents. Other studies have suggested that stability of variables such as blood pressure, 
heart rate , and oxygenation is important in reducing complications such as intra­
ventricular hemorrhage or pulmonary hypertension . There is also increasing evidence 
that neonatal cortical function is far greater than previously thought and some sugges­
tion that short-term behavior may be affected by prior painful stimuli. 

The Committee on Fetus and Newborn , The Committee on Drugs, the Section on 
Anesthesiology, and the Section on Surgery believe that local or systemic phar­
macologic agents now available permit relatively safe administration of anesthesia or 
analgesia to neonates undergoing surgical procedures and that such administration is 
indicated according to the usual guidelines for the administration of anesthesia to high­
risk, potentially unstable patients . In occasional situations, physiologic instability will 
be so great that the anesthetic agents must be reduced or discontinued. However, the 
decision to withhold such medication should be based on the same medical criteria 
used for older patients. The decision should not be based solely on the infant's age or 
perceived degree of cortical maturity. 

Pediatrics, 80:446, September, 1987. 
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In 1980, the American Dental Association (ADA)­
National Institute of Dental Research (NIDR) sym­
posium concluded that some benefit of caries prevention 
accrues to the primary teeth when the fetus is supplied 
with fluoride. 1-3 In 1982, a survey for the ADA found that 
U. S. dentists, by a ratio of almost 2:1, thought fluoride 
supplementation should start in pregnancy rather than 
at birth. 4 As a result oflectures given in Europe by the 
senior author in 1983, the major brands of fluoride tab­
lets sold on the continent are now labeled for use in 
pregnancy. Fitzgerald recently found prenatal fluoride 
effective in reducing caries in an animal modeJ.5 At the 
1986 International Association of Dental Research 
(IADR) meeting Professor Gedalia , of the Hadassah 
Dental School in Jerusalem, announced that he recom­
mends prenatal fluoride in his lectures and that his 
review of the literature of the 1950s and 1960s found that 
the evidence for the efficacy of prenatal fluoride already 
existed. As of the first quarter of 1987, NIDR's 585 
prenatal-fluoride children in Maine are one to three 
years old . These developments make it appropriate that 
we explore the subject of optimum prenatal fluoride 
dosage. The review of the literature is organized accord­
ing to six relevant topics . 

Prenatal 

fluoride 


Dr. Frances Clenn is in the private practice of pediatric dentistry and 445 NOVEMBER-DECEMBER 1987 
orthodontics in South Miami, Florida. Dr. William D. Clenn, 1II , is in 
the practice of otolaryngology in South Miami , Florida. JOURNAL OF DENTISTRY FOR CHILDREN 



446 NOVEMBER-DECEMBER 1987 

JOURNAL OF DENTISTRY FOR CHILDREN 

WHY FLUORIDE TABLETS CONTAIN 
1 MG OF FLUORIDE 

In 1938-42, Dean surveyed caries and fluorosis in the 
permanent teeth of children twelve to fourteen years 
old, in twenty-one Western towns with varying amounts 
of fluoride (F) in the water. The greatest number of 
caries- resistant teeth was found in areas of 1. 7 to 2.5 
parts per million (ppm) F in the water; but, as there was 
some significant fluorosis in the permanent teeth in 
those communities, Dean chose Aurora, Illinois, with 
1. 2 ppm F as his ideal. 6-8 When fluoridation began in 
1945 in Newburgh and Grand Rapids, the concentration 
was reduced to 1 ppm. It was assumed that children 
three years of age and older drank a liter of water a day. 
which would provide 1 mg of fluoride. Tablets were then 
made with 1 mg of fluoride (2.2 mg NaF) for the use of 
children three years of age and older. in non fluoridated 
areas. It is essential that we understand that 1 ppm is a 
conservative estimate of the limit of concentration of 
fluoride that should be in water utilized by infants and 
children from birth. The 1 ppm derivative, 1 mg. is the 
limitation of daily postnatal dosage for children from age 
three. What Dean and others found was that utilization 
of water with between 1.2 to 2.3 ppm F postnatally will 
result in some undesirable mottling in the permanent 
teeth of some of the children. One mg may well be the 
optimum dosage for a 35 Ib (16 kg) three-year-old. but it 
does not necessarily follow that it is the correct amount 
to give a 135 Ib (60 kg) mother-to-be. in order to deliver 
the optimum dose to the fetal teeth. 

1 PPM OF FLUORIDE AND PRIMARY TEETH: 
EARLY STUDIES 

The H. Trendley Dean studies 

Dean, in 1938, compared caries and fluorosis in nine­
year-olds' primary and permanent teeth in towns with 
0.6 to 1.5 ppm F and with 1.7 to 2.5 ppm F.6 As seen in 
Table 1, he found almost twice the improvement in 
primary teeth, when comparing higher fluoride with 
lower fluoride communities.7.8 Note that Dean's lower 
fluoride areas equal and exceed the levels used in fluo­
ridation. The two percent fluorosis in the primary teeth 
was due to some second primary molar mottling in three 
of the fifty-four children from Colorado Springs (2.5 
ppm). Many persons had already noted the lack of fluo­
rosis in the primary teeth, but this was the first evidence 
that primary teeth might benefit more from a higher 
dose of fluoride than would the permanent teeth . 

The F.A. Bull studies 

Bull. in 1949, reported caries surveys done in Wisconsin 
communities with different amounts of natural fluoride 
in the water (Table 2).9 Bull concluded that 1 ppm F was 
almost as beneficial for the permanent teeth as was 2 
ppm F but that the primary teeth required 2 ppm F. 

The O. Backer Dirks studies 

Backer Dirks, in 1958. examined the results of fluorida­
tion at 1 ppm F. in Tiel in the Netherlands: he found less 
benefit for the occlusal surfaces of the primary and first 
permanent molars and concluded, "Especially for the 
fissures offirst permanent molars and deciduous molars. 
one would expect a decreased inhibition as these teeth 
are formed and partly calcified in a period of small 
fluoride uptake by the fetus and young child (pregnancy 
and lactation). "10 U niortunately. he failed to suggest that 
the deficiency be corrected by tablet supplementation, 
as by that time, 1 ppm F was regarded as the inviolate 
"optimum" on both sides of the Atlantic. 

These early observations by Dean. Bull, and Backer 
Dirks suggested that a larger dose was required by the 
primary teeth and first permanent molars . and seemed 
to confirm the concept of a partial placental barrier for 
fluoride . The studies are valuable as they were per­
formed before the general availability of posteruptive 
topical fluorides. 

Fluoride content of fetal teeth 
in relation to maternal F exposure 

There are two reports concerning the change in fluoride 
content of fetal teeth , just on the basis of prenatal ex­
posure. Martin. as part of the Evanston fluoridation 
study, found that a ten-fold increase in the fluoride 
concentration in the maternal drinking water was associ­
ated with a 5.5-fold increase in the fluoride content of 
the fetal teeth. U Gedalia, in Israel, found that a six- to 
ten-fold increase in maternal F H20 was reflected by a 
1. 7 -fold increase in the fluoride in fetal teeth. 12 These 
studies found that maternal fluoride, rather than being 
delivered to the fetus on an exact weight related basis, 
experienced an additional 50 to 80 percent loss. 

The apparent "placental barrier" 
and maternal fluoride loss 

In 1962, Ericsson demonstrated that there was no pla­
cental barrier for fluoride in humans and by 1980 this fact 
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was generally acknowledged by the dental com­
munity.2,13 If there is no barrier, what accounts for the 
observations that made it seem that there was a partial 
barrier? Several factors have been identified. 

D 	Maternal dilution. Fluoride is rapidly cleared from 
the maternal plasma by dilution in up to 40 liters of 
extra- and intracellular fluid. 

GRenal excretion. Twenty percent of maternal blood 
flow goes to the kidneys, the main organs of fluoride 
excretion, while only 10 percent goes to the placenta 
at term. Thus the mother-to-be is excreting fluoride 
twice as fast as she is allowing it to interface with the 
fetal circulation. 

D 	Maternal bone uptake. Only slightly less rapid than 
renal excretion is the incorporation of fluoride into 
the much larger mass (compared to the fetus) of 
maternal metabolizing bone. This is termed the 
maternal fluoride deficit. 

Since reviewers have only recently rid themselves of 
the conception that a placental barrier exists, the above 
phenomena should be referred to as the maternal loss of 
fluoride. Although there might have been reason to 
think there was a placental barrier, in the 1930s, starting 
with Smith and Smith in 1935, and culminating with 
Martin in 1948 and Gedalia in 1964, there was no reason 
to think of it other than a partial barrier. 11.12.14 Those in 

authority at that time felt that the way to deal with a 
partial barrier was to withhold the essential nutrient 
involved. This action was contrary to established princi­
ples of nutrition in which evidence for limited passage, 
as with iron, is regarded as a mandate for supplying 
more. Possible reasons for this action have been alluded 
to in previous papers. 15-IS In any case , it seems obvious 
that pregnancy requires a different dose of fluoride. 

DETERMINATION OF THE OPTIMUM 
PRENATAL DOSE OF FLUORIDE 

To find the best dose of fluoride we must examine the 
same factors for the fetal teeth as Dean used for the 
permanent teeth: caries reduction and fluorosis . 

Minimum effective dose for caries reduction 

The smallest prenatal dose to show efficacy was the 
presumed 1 mg/day fractionated dose ingested in 1 ppm 
F H20 in the water fluoridation studies. One of these, 
with less than sixty children per cohort, failed to detect 
any positive eITect. 19 Six others (Arnold and Dean , 
Blaney and Hill, Tank and Storvick, Soricelli , Horowitz 
and Heifetz, Lewis) showed a 9 to 35 percent benefit for 

Table 10 Dean's study ofcaries and fluorosis in the primary and perma­
nent teeth in lower and higher fluoride communities. 

Percentage of children 
Condition of teeth 0.6-1.5 ppm 1.2-2.5 ppm 

Caries-free 9 31 (3 .4 times as many)
primary teeth 

Caries-free 26 49 (1.9 times as many) 
permanent teeth 

Fluorosis none to 53 (permanent teeth) 
questionable 2 (primary teeth) 

lhble 2 0 Bull's report on caries in the permanent and primary teeth in 
Wisconsin towns with naturally fluoridated waler. 

ppm F/HzO DM F' 13-year-olds del'" 5 to 6-year-olds 

0.05 9.0 4.7 
1.0 
1.2 
1.5 
Ul 

2.9 
2.6 
2.9 
2.8 

2.S 
2.7 
2.5 
1.9 

2.0 
2.3 

2.6 
2.7 

1.1 
1.3 

' decaved. missing. filled permanent teeth 
·'decayed. extracted. filled primary teeth. 

the primary teeth. 20-25 In addition , Horowitz found a 23 
percent benefit for the first permanent molars at age 
seven. Often included in these lists, the studies at 
Lemke et ai, and Grainger and Coburn, do not address 
the effects of prenatal fluoride. 26.27 The report of Katz 
and Muhler is so seriously flawed that NIDR had serious 
reservations concerning its validity and Stamm felt it 
should be disregarded.1.28. 29 

Larger effective prenatal dose of fluoride 

The next level of dosage is found in the ten prenatal 
tablet studies. 15-18. 30-38 Most of these utilize 1 mg of FI 
day with the pulse tablet dose presumably overcoming 
some of the maternal loss. Pritchard's study involved 1 
mg for the last trimester only. Martin and other Aus­
tralians used 1.5 mg/day for the last two trimesters, 
while Light and Bibby used 1.5 mg/day dissolved in 
milk. 33.35,37,39 The higher dose: the author's 1 mg supple­

ment in addition to the presumed 0.7 to 1.0 mg/day 
derived from fluoridated water for a total dose of 1. 7 to 2 
mg/day. Although most of the studies involved some 
exposure to postnatal fluoride also, they all show efficacy 
from prenatal fluoride with many obtaining virtual elim­
ination of caries in the resultant teeth. Our series, with 
over 1,000 prenatal fluoride children, some followed up 
to twenty-three years , maintains a 99 percent reduction 
in caries with 98 percent of the children never having 
had a cavity and less than 5 percent needing sealants, 

http:disregarded.1.28.29
http:11.12.14


448 NOVEMBER-DECEMBER 1987 

JOURNAL OF DENTISTRY FOR CHILDREN 

Larger-dose prenatal studies 

Some information might be gained from study of caries 
statistics from higher fluoride areas , but it is almost 
impossible to separate prenatal from postnatal effects . It 
really does not matter how caries-resistant primary 
teeth are in communities with 6,10, or 21 ppm of fluoride 
in their water, as the limitation of prenatal fluoride dos­
age has been determined by the same criterion used by 
Dean, the fluorosis index. 

Prenatal fluoride and fluorosis of the 
primary teeth 

We all recognize that fluorosis can be caused by exposure 
to excessive fluoride during any phase of tooth develop­
ment, from early secretory to mature preeruptive miner­
alization . While observations concerning primary tooth 
fluorosis are of interest, the anterior teeth best reflect 
prenatal exposure when the child is nursed for at least six 
months, as it is known that the posterior primary teeth 
can become fluorotic by exposure to postnatal F from 
water with 2.5 ppm F and above. 17 Fluorosis of primary 
teeth is always mildest in the anterior teeth. Dean's 
index is used: °is normal; 0.5 is questionable; 1 is very 
mild (small dots less than 25 percent of surface); 2 is mild 
(small dots more than 25 percent of surface); 3 is whole 
surface; 4 is severe-brown with pits. Fluorosis is always 
symmetrical; a distinct white spot on one or two central 
incisors is hypomineralization , however, often due to 
high fevers in infancy. 

McKay, who in 1916 said that fluorosis was never found 
in the primary teeth , had , by 1932 changed his opinion 
to, rarely, only in the molars , and only slightly. Smith 
and Smith in Arizona, in 1935, found moderate fluorosis 
in the incisors and severe in the molars , in areas with 12 
to 18 ppm F in the water. 14 Here was the origin of the 
opinion that there was a placental barrier to low con­
centrations of fluoride, but not for amounts of over 10 
mg/day. Babeaux and Zipkin reviewed the pre- 1966 
literature and concluded that it required 4.5 ppm and 
above to cause fluorosis in posterior primary teeth.40 
Forsman reported on caries and fluorosis in small towns 
in Sweden with 5.5 and 10 ppm F H2O. 41 She found that 
breast feeding more than six months largely protected 
the primary teeth from fluorosis. The lO-ppm area did 
have some severe fluorosis in the molars , but nothing 
more than grade 0 to 2 for the incisors. 

Of the five areas studied, only the primary teeth of the 
children born in Gadderas, a 1O-ppm community, were 
all caries-free. The 5.5-ppm area is interesting in that 

there was grade 3 or 4 fluorosis in the primary canines of 
molars 01'29 percent of the children whose mothers were 
long-time residents of the area; but nothing more than 
grade 2 in any of the primary teeth of those whose 
mothers had lived in lower fluoride areas before becom­
ing pregnant. This suggests that we can expect no signifi­
cant fluorosis in the primary teeth of a child whose 
mother lived in a lower fluoride area and ingested 5 mg 
of fluoride a day while pregnant. 

Thylstrup studied fluorosis in Tanzania, in 1978, in 
primary teeth , in areas of 3.5, 6, and 21 ppm F H2O. 42 

We must be cautious in translating the results from such 
areas, which are often calcium deficient. Prodigious 
water intake, and altitude have also been reported to 
increase the grade of fluorosis seen, but this study is 
worth reviewing as it is clearer, unlike many reports , 
exactly which tooth is being graded. The incisors in the 
3.5-ppm-F and the 6-ppm-F areas were grade 1, very 
mild. The incisors were generally grade 3 in the 21­
ppm-F region, but very few showed any signs of pit 
formation. Thylstrup was surprised by this and by the 
absence of anything more than very mild flecks in the 
incisors, in the 6-ppm-F area, and said that fluorosis can 
be difficult to see in direct sunlight. Our view would be 
that if you cannot see it, it is not Significant. The authors 
of this paper spent several weeks in the same 3.5- ppm-F 
area of Arusha, in summer of 1980, and found all the 
permanent teeth f1uorotic with abou t 80 percent se­
verely so . We could find no mottled anterior primary 
teeth. 

DISCUSSION 

Since dental caries resistance improves with increasing 
amounts of fluoride , even at levels associated with mild 
and moderate fluorosis , the definition of optimum fluo­
ride supplementation is the most fluoride that can be 
ingested on a daily basis without causing fluorosis . 43 For 
prenatal fluoride, it seems that 5 mg/day or more are 
required to cause even mild fluorosis objectionable to 
most people. Since the authors wish to be especially 
conservative in pregnancy, even when dealing with a 
substance long recognized to be an essential trace ele­
ment , we can estimate the optimal daily fluoride supple­
ment in pregnancy to be 4 mg/day.44.45 In fluoridated 
areas, we assume 0.5-1 mg from dentifrice and rinses. A 
supplemental 2 mg tablet (4.4 mg NaF), therefore, 
seems appropriate . The only exception might be the less 
than 1 percent of the population who live in areas with 
over 2 ppm F Hzo. 

Fluoride is unique a)TIong the essential trace minerals 

http:mg/day.44.45
http:teeth.40
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in that it is mostly bound in foods and is bioavailable in 
its ionic form in water and as a sodium Auoride supple­
ment. The Auoride content of the food in rural areas with 
high Auoride concentrations as presented by Forsman 
would be expected to be far greater than in any Auori­
dated community in this country. Only in some Asian 
areas where children eat large quantities of seafood has 
some Auorosis been produced, but there is no evidence 
that this occurs in gestation , because a large part of the 
Auoride ingested by the mother is excreted normally or 
assimilated by her. Similarly, there have been cases of 
delayed Auorosis in late r developing teeth in children 
who moved to a lower Auoride area, after living several 
years in an endemic Auorosis locality; but there are no 
reports of that happening with gestation. Again , this is 
due to the maternal loss mechanism, formally known as 
the placental barrier. 

The authors have achieved remarkable results in a 
Auoridated area with just 1 mg of prenatal Auoride , but 
these mothers have benefited from our personal instruc­
tion to take it on an empty stomach, not followed by a 
meal for thirty to sixty minutes , to start by the 10- 12th 
week, not to take the prenatal Auoride with the prenatal 
vitamin-mineral capsule with its Auoride-binding cal­
cium, etc. 46 As a public health measure, 2 mg pn~natal 

Auoride/day could be used to attempt to immunize 100 
percent of children's teeth rather than the author's pres­
ent 98 percent. Should women in unAlioridated areas 
take 3 or 4 mg F/day? There would be nothing wrong 
with it, but it is probably unnecessary. Two mg F should 
be regarded as the minimum dose for llnAuoridated, 
Auoride-deficient areas, though , because of the mater­
nal deficit. Several years ago a study was published from 
a New Haven teaching hospital showing that pediatric 
residents had great difficulty remembering the postnatal 
Auoride supplementation schedule. As many physicians 
are confused by 1 mg of F and 2.2 mg of NaF, we should 
not expect obstetricians to remember 1 mg for Auori­
dated cit ies and 1.5 to 2 mg for unAuoridated areas , as we 
have done in the past. There is such a wide margin of 
safety for prenatal Auoride in regard to Auorosis that we 
can use 2 mglday as a simplified prenatal Auoride dosage 
in all areas , Auoridated or not. If a small woman with a 
good family history for caries resistance, living in a 
Auoridated area, takes just 1 mglday, it is probably ade­
quate. If a large woman with a severe caries history, 
living in an unAuoridated area, wishes to take 3 mglday, 
it certainly will not cause Auorosis. 

Prenatal tablet supplementation is most cost effective: 
1-2 cents daily, or less than $5.00 during pregnancy and 
should be recommended and available to all , especially 
the poor. 

It shou ld be noted that if the daily Auoride tablet 
prescribed is only 1 mg in a non-Auoridated area rather 
than 2 mg, and if the table t is not being administered 
daily by the twelfth week on an empty stomach, it may 
not reproduce the author's results. 

CONCLUSION 

Any prenatal Auoride dosage between 1 and4 mg F/day 
is bette r than no prenatal Auoride at all. Because of the 
maternal loss of Auoride, the problem in pregnancy is to 
deliver sufficient Auoride to the fetal teeth. Four mg F/ 
day is a conservative maximum sub-Auorosing dose , 
during pregnancy. In order to simplify matters and allow 
the same supplement schedule in Auoridated and un­
Auoridated communities, 2 mg F (4.4 mg NaF) a day can 
be designated as the universal prenatal Auoride dosage. 
It should be started by the lO-12th week of the preg­
nancy, taken on an empty stomach, and not followed by a 
meal for thirty minutes or by calcium for at least one 
hour. 
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FLUORIDE FOR THE PRIMARY TEETH 

SystemiC use of fluoride supplements in the form of tablets is often recommended from 
early life, based on the assumption that an increased caries protection can be achieved 
by increasing the fluoride content of the enamel of both dentitions [Aasenden and 
Peebles, 1974]. Most regimes start shortly after birth, but it has also been proposed that 
fluoride supplements should be provided during pregnancy [Glenn, 1979], although 
there is no biological rationale behind such a proposal [Thylstrup, 1981] . However, there 
is a paucity of information about the effect of fluoride tablet medication on (1) fluoride 
content of the deciduous enamel, and (2) possible fluoride-induced changes in the 
structure of the dental hard tisues of the primary dentition . 

Fejerskov, 0. et al: Combined effects of systemic and topical fluoride treatments 
on human deciduous teeth. Caries Res , 21:452-459, September-October, 1987. 



The use of dental sealants 
in the Washington State 

Medical Assistance Program: 
a one-year report 

Robert C. Faine, DDS, MPH 

In September 1985, the Washington State Division of 
Medical Assistance expanded dental services to include 
dental sealants. Children, ages six to fourteen, enrolled 
in the Early and Periodic Screening, Diagnosis and 
Treatment Program (EPSDT) could receive sealants, if 
participating dentists chose to provide this preventive 
service. Guidelines that restricted the use of sealants to 
permanent molars were adopted by the State, for chil­
dren who met the age criteria. 

A survey of private dental practitioners in Washington 
State in 1985 revealed that 66 percent of respondents 
were treating medical assistance patients . I It was not 
known how many of these dentists, however, would use 
sealants on eligible children . 

There were certain questions raised when the pro­
gram was being planned, such as: 

o How many children would be served? 
o How many teeth would be sealed? 
o How many dentists would participate? 
o How much money would the sealant program cost? 

PURPOSE OF THIS REPORT 

In order to answer many of the questions posed during 
the planning and implementation phase of the project, a 
retrospective review of the data covering the utilization 
and cost of the sealant program for a one-year period was 
undertaken. The period chosen for the data review and 

Dr. Faine is Former State Dental Consultant , Department of Social 
and Health Services, State of Washington. 

Sealants 


451 NOVEMBER-DECEMBER 1987 

JOURNAL OF DENTISTRY FOR CHILDREN 



452 NOVEMBER-DECEMBER 1987 

JOURNAL OF DENTISTRY FOR CHILDREN 

analysis was from November 1, 1985 to October 31, 1986. 
In an effort to inform dentists that the state would pay 

for sealants placed for e ligible children, an announce­
ment was sent out from the Division of Medical As­
sistance to all dental providers at the initiation of the 
program. The Washington State Den tal Association 
Newsletter also announced that sealants would become 
a reimbursable procedure begi nnin g September 15, 
1985, for EPSDT children. 

METHODS 

A computer program was developed which retrieved 
information from an extended data base maintained by 
the Division of Medical Assistance. The following data 

,were recovered: the age and number of children treated ; 
the number of sealants placed by age; the total number 
of teeth sealed ; the numbe r of providers who applied 
sealants by county of provider; and the total costs of the 
services delive red to the children. 

Every dental claim that included a sealant procedure 
was reviewed for the one-year period, and the data in 
this report represent an unduplicated count of patients 
and providers. 

RESULTS 

In the EPSDT category, there were 63,561 children , 
ages six to fourteen, who were e ligible each month to 
receive dental sealants (1986 Fiscal Year monthly aver­
age of eligibles). From November 1, 1985, to October 31, 
1986, a total 01'35,805 individuals, six to fourteen years of 
age, made at leas t one visit to a dentist. Approximately 
3000 children in this age-group each month , the refore, 
received some type of dental care. The services were 
delivered in private offices, community clinics, and pub­
lic health dental facilities. The total number of patien ts 
receiving sealants in the one-year period was 6,191 or 
17.3 pe rcent of all individuals obtaining care. 

There were 19,590 teeth sealed in Washington State 
during the one-year assessment period, for an average of 
3.16 teeth sealed per child. 

The age-group most frequently receiving sealant ap­
plication was the seven-year age-category, followed by 
the eight-year-olds . Those receiving the lowest number 
of sealants we re the individuals in the fourteen-year age­
group (Figure). 

Some dentists have been reluctant to offer sealants to 
their patients; but as more scientific studies continue to 
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Figure. Number of children , by age, who received sealants, 
1985 - 1986. 

con firm that sealants are safe and effective, the use of 
4this preventive procedure is expected to increase.2­

For the twelve-month period covered by this study, 
there was a monthly average of 1,317 dentists who par­
ticipated in the EPSDT program. The total number of 
dentists to use sealant s was 593 in all counti es 
throughout the state. This figure represents an undupli­
cated count of d en ti sts who placed sealants from 
November 1, 1985 to October 31, 1986. 

When the sealan t program was being developed, one 
of the most important questions asked by the Division of 
Medical Assistance Administrators was "how much will 
the project cost?" This was a critical question, because 
only limited funds were available for a new program. 
The staff of the Division of Medical Assistance and the 
au thor developed a fiscal prediction model in an attempt 
to forecast a first-year budget figure for administrators 
and the Legislature. An annual budget of $215,000 was 
es timated for the program based on the numbe r of 
providers; the number of providers that might place 
sealants, as determined by national and state utilization 
fi gures; the number of children eligible for sealant bene­
fits; past utilization figures for dental services; and the 
cos t of the procedure. The reimbursement rate for each 
sealant placed was $9. 00. Actual costs for one year of the 
program were $172,535. While it was important not to 
exceed the projected budget figure, it was disappointing 
that more children dId not receive the benefits of sea­
lants. 
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DISCUSSION AND SUMMARY 

A one-year, utilization-and-cost review was conducted of 
a Medical Assistance sealant program in Washington 
State. The pe riod covered by the analysis was Nove mber 
1, 1985 to October 31, 1986. A total of 6,191 individuals 
received sealants or 17. 3 pe rcent of all children, ages six 
to fourteen, who made at least one visit to a dentist . 

The total number of teeth sealed was 19,590, with an 
average of3 .16 tee th per child . It is anticipated that the 
number of children treated will increase during the 
second year of the sealant project. 

An average of 1,317 dentists participated in the dental 
program each month. There were 593 dentists who 
placed sealants during the study period . A more con­
certed effort will be made in the future to encourage 
dentists to use sealants on Medical Assistance patients. 

The total cost of providing sealants to this group of 
children was $172,535. 

Cunently, there are eighteen states involved in a 

sealant program for EPSDT children (personal com­
munication with Dr. R. Isman , June, 1987). Limited data 
are available on sealant utilization and costs for these 
projects. This information is presented to document the 
experience of a state that sought to improve the dental 
health of children by implementing a sealant program. 
Other states considering the inclusion of sealants in a 
dental se rvice program may find the data useful for 
planning purposes. 
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FLUORIDE IN CHEWI NG GU M 

The present study was undertaken to collect quantitative data on the fluoride con­
centration in whole saliva afte r single and repeated doses of fluoride administe red in a 
chewing gum , a fluoride vehicle which has not been given much attention. When the 
fluoride gum is used repeatedly during the day, it causes an e levation in the ave rage 
fluoride concentration in saliva, in some subjects more than lO-fold compared to the 
basal level. Compared to recommendecl usage of fluoride dentifrices or rinsing solu ­
tions, repeated use of a fluoride-containing chewing gum makes it possible to keep the 
fluoride concentration in the oral fluids at a higher level during an ex tendecl period of 
time. However, table II also indicates that large difle rences be tween individuals will 
occur. The most likely reason for this is diffe rences in the salivary flow rate. Stimulated 
saliva dilutes the fluoride concentration to a degree proportional to the individual 
salivary fl ow [Dawes, 1983] . This is also indicated by the relationship /i)Und be tween the 
subject's stimulated salivary flow rate and the mean concentrations of fluoride in the 
saliva during the entire experimental period . 

Oliveby, A. et al: Effect of salivary flow rate on salivary fluoride d earance 
afte r use of a fluoride-containing chewing gum . Caries 

Res, 21:393-401, September-October, 1987. 
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Dietary cholesterol 
recommendations 

for children 

Alvin M. Mauer, MD 

The role of diet in the pathogenesis of ath­
erosclerosis has been the subject of considerable study 
and discussion. In an attempt to resolve some of the 
controversies and to bring together available informa­
tion bearing on this topic, a Consensus Development 
Panel was sponsored by the National Institutes of 
Health. In its findings published in 1985, the panel 
concluded that since sufficient evidence of several types 
linked dietary fat and cholesterol to the risk of ath­
erosclerosis, dietary recommendations could be made 
which apply to all people over the age of two. l These 
recommendations include limiting fat intake to 30 per­
cent of total calories with 10 percent or less from satu­
rated fat, 10 percent from monounsaturated fat and less 
than 10 percent from polyunsaturated fat. Total daily 
cholesterol intake was recommended to be 100 mgll000 
calories and not to exceed 300 mg as a daily total. These 
proposals have not met with universal acceptance, par­
ticularly for application to such specific groups as chil­
dren .2,3 In this paper, recently published information 
bearing on the specifics of these recommendations will 
be assessed with particular emphasis on their ap­
plicability to children and adolescents. 

Adult dietary recommendations 

Information from a variety of sources was used by the 
Consensus Panel in developing recommendations for 

Dr. Mauer is with the Departments of Medicine and Pediatrics, The 
University of Tennessee, Memphis. Room H316 Coleman Building, 
956 Court Avenue. Memphis, TN 38163. 
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modification of the typical American diet. A major con­
tribution came from the results of a study in middle­
aged, hypercholesterolemic men in which a reduction in 
the incidence of coronary artery disease was observed 
when serum cholesterol was lowered by both diet and 
drug adminstration. 4.5 The applicability of these results 
in forming dietary recommendations for all adults con­
tinues to be under discussion. 6.7 Specifically, it is sug­
gested that lowering serum cholesterol in people at low 
risk for coronary artery disease may make a minimal 
contribution to life expectancy, probably far less than 
would be achieved by smoking cessation or control of 
hypertension.8 Recent studies have also indicated that 
for the majority of the population, diets exceeding rec­
ommended cholesterol limitation of300 mg do not result 
in increases in plasma cholesterol values. 9.10 In view of 
this recent information on the adult dietary recommen­
dations, it is important to consider this application to 
children over age two and adolescents. 

Children's dietary recommendation 

The rationale for recommending modification of chil­
dren's diets is the prevention of adult atherosclerosis. 
Kwiterovich recently published an extensive review of 
the data bearing on the role of children 's diets in pre­
disposing to adult atherosclerosis. ll Generally, three 
types of studies in humans have yielded data interpreted 
to support a causative role for children's diets in pre­
disposing to the risk for adult atherosclerosis . In the first 
type of studies, epidemiological evidence indicates a 
direct relationship between serum cholesterol values 
found in the children of various countries and the preva­
lence of adult coronary artery disease. A second test of 
this dietary hypothesis, that ofprospective clinical trials, 
is not available for children. However, evidence ob­
tained from trials in middle-aged hypercholesterolemic 
men mentioned above has been interpreted as support­
ing the extension of dietary restriction to other popula­
tions as well, notably children and women. 4.5 A third 
approach attempts to establish a linkage between serum 
lipid patterns in the first two decades of life and the 
extent offatty streaks found in arterial vessels of children 

12dying from other causes.
Cautionary commentary is needed in evaluating each 

of these three approaches in light of making recommen­
dations concerning dietary changes for American chil­
dren. The epidemiological data tend to isolate the serum 
cholesterol values and coronary artery disease from 
other health aspects. These studies are inclined to ig­
nore other consequences of the dietary restrictions 

which presumably are associated with the lower levels of 
serum cholesterol in children. Normal growth and de­
velopment may be impaired in conditions of dietary 
restrictions. 13 For example, the relative decreased risk of 
coronary artery disease in Japanese men is also associ­
ated with a pattern of decreased growth and delayed 
development, which has shown a secular trend since 
improved diets became available, following the end of 
the Second World War.14 Generally, these reports also 
have not taken into account the prevalence of other risk 
factors , such as smoking, hypertension and exercise 
patterns, which may bear a more important rela­
tionship.8 

The large prospective trial of the effect of lowering 
serum cholesterol values in hypercholesterolemic mid­
dle-aged men has been criticized for its applicability to 
other populations. 15 Its usefulness in assessing dietary 
change in children as a factor in reducing risk of ath­
erosclerosis in adults seems marginal at best. 2 

The study linking serum lipid patterns and fatty 
streaks in arterial vessels during the first two decades of 
life also must be accepted with reservation , because of a 
lack of a well-defined relationship between these fatty 
streaks and adult atherosclerosis. 4 In American chil­
dren , there has been a poor correlation between diet and 
cardiovascular disease risk factor variables .16.17 During 
childhood and adolescence, factors such as obeSity and 
aerobic capacity are more important determinants of the 
likelihood of cardiovascular risk factors being present 

19than diet. 18.

Implication of dietary restrictions for children 

The characteristics of diets meeting the recommenda­
tions of the Consensus Panel include limitations of meat, 
eggs and dairy products with an increase in cereal grains 
and plant products. For the critical period of growth of 
children and adolescents, these restrictions mean a re­
duction in foods that form an important source of high­
quality protein . Furthermore, dairy products provide 60 
percent of dietary calcium, and meat is an excellent 
source of available iron. 20 The difficulties in designing 
diets conforming to the recommendations for American 
children , based on American food supply and taking into 
account cultural and ethnic variabilities, are beginning 
to be appreciated. In assessing results of diet modifica­
tions, it must be recognized that in the U. S., the mean 
serum cholesterol values in children do not increase 
after age two years and decrease during the second 
decade with current dietary patterns.21 

http:patterns.21
http:variables.16.17
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Current trends in diet and health 

During the past several decades, there have been impor­
tant secular trends in growth and maturation in this 
country, with improved nutrition being one of the most 
important influential factors.22 Analysis of the data from 
the Second National Health and Nutrition Examination 
Survey indicates an improvement in the status of iron 
nutriture among children and adolescents.23 CUlTently, 
moderate or severe anemia, as a consequence of dietary 
iron deficiency, is rare in the U. S. It remains , however, 
the predominant, identifiable cause of anemia in chil­
dren and adolescents. Dietary patt e rns have also 
changed with respect to total fat intake in children, ages 
one to five. 24 Currently, the percent offood energy from 
fat in children's diets is about 34 percent. In adults, the 
amount and quality of fat in the diet is an important 
factor in determining serum cholesterol values. 9.LO 

These trends , taken together, would suggest that con­
siderable caution be used before further manipulation of 
the diets of children and adolescents is recommended. 
It must be demonstrated that changes are needed and 
any further restrictions would support adequate growth 
and development.2.3 

RECOMMENDATION 

After careful review of currently available information , 
the Committee on Nutrition of the American Academy 
of Pediatrics came to seven recommendations with re­
spect to pl'udence in life-style factors to reduce the risk 
of atherosclerosis and coronary artery disease in adults. ~ 
These recommendations are as follows: 

o When breast feeding is unsuccessful , inappropriate 
or stopped early, infant formulas provide the best 
alternative ff)!' meeting nutritional needs during the 
first six months oflife. During the second six months 
of life, whole cow's milk may be introduced for 
infants who are consuming one-third of their calo­
ries as supplemental foods consisting of a balanced 
mixture of cereal, vegetables, fruits and other foods . 
Supplementary foods are recommended beginning 
at four to six months of age. Dietary fat should 
probably not be restricted in this age-group. 

o After one year of age, infants should receive a varied 
diet including each of the major food groups. This 
provides the best assurance of nutritional adequacy; 
the key is balance from variety. 

o De tection of obesity by meas uring height and 
weight and detection of hypertension by measuring 
blood pressure according to the schedules pub-

Iished by the Academy will permit the early recog­
nition and treatment of obesity and hypertension. 

o Counseling on the maintenance of ideal body 
weight and a regular exercise program and, in teen­
agers, counseling concerning the dangers of smok­
ing should be a routine part of all health supervision 
visits. 

o Family history for each patient should include infor­
mation about family members who have had a pre­
mature (before sixty years of age) heart attack or 
stroke, hypertension , obesity, diabetes mellitus 
and/or hyperlipidemia. 

o Screening of children more than two years old who 
are at risk because offamily history should consist of 
at least two serum cholesterol measurements. H igh­
density lipoprotein cholesterol level should be mea­
sured in those who consistently have levels above 
the 95th percentile for age and sex. If high-density 
lipoprotein cholesterol is not the cause of the hyper­
cholesterolemia, the child should be treated with an 
appropriate diet and/or medication. 

o Current dietary trends in the U. S. - decreased 
consumption of saturated fats, cholesterol and salt 
and an increased intake of polyunsaturated fats ­
should be followed with moderation. The optimal 
total fat intake cannot be determined, but 30 per­
cent to 40 percent of calories seems sensible for 
adequate growth and development. Diets that avoid 
extremes are safe for children for whom there is not 
evidence of special vulnerability. 

SUMMARY 

These recommendations are provided to physicians and 
health professionals who work with children. Continued 
evaluation of dietary trends and the 'impact of car­
diovascular risk /actors from the first two decades of life 
are needed for future recommendations. 
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CARIOGENICITY OF STARCH AND SUGARS IN CHILDREN 

The results of this study showed that die tary sugars were likely to have been more 
cariogenic than die tary starch. This is indicated hy the cOIl'e lation/partial cOIl'elation 
analyses, and supported by the comparison of groups of subjects with ex treme dietary 
intakes and multiple regression analysis . Howevel~ this conclusion should he made 
with caution since only some of the relationships were statistically significan t. From 
both types of analysis , it appeared that the diffe rences between the possible car­
iogenicity of starch and sugars OCCUlTed almost entirely in fissure surf~lces. with little 
relationship observed in other sUlfaces. It is possible , though . that the low levels of 
caries occurring in the non-fissure surfaces might have masked the presence of a 
relationship (in either direction) since small incremen ts and many zero scores depress 
the value of correlation coefficien ts [Apple ton et at, 1986]. The suggestion in the results 
that approximal surfaces may be more susceptible to the cariogenic challenge of starch 
than fissure surfaces should be inves tigated further. 

Rugg-Gunn, A.J. et at: Relative cariogenicity of starch and sugars 
in a 2-year longitudinal study of 405 English school children. Caries Res, 

21:464-473, September-October. 1987. 
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ABSTRACTS 

Thesleff, Irma: Does epidermal 
growth factor control tooth erup­
tion? J Dent Child, 54:321-329, Sep­
tember-October, 1987. 
Several pieces of evidence suggest an 
important role for epidermal growth hlc­
tor (EGF) in tooth e ruption , which is 
largely under hormonal control. EG F 
appears to be a mediator of many effects 
of hormones. Growth hlctors (including 
EGF) are apparentl y synthesized by 
many cell types and exe rt their e ffects 
hy the paracrine system. This provides 
the possibility for localized stimulation 
of growth and other ce llular fun ctions. 
Also , ce lls associated with e rupting 
teeth hind EGF and are potentially re ­
sponsive to it. There is increasing evi ­
de nce that EGF is in volved in the 
process of tooth e ruption. 

Epidermal growth factor; Cell re­
ceptors; Tooth eruption 

Nation, Wilfred A.; Matsson, Lars; 
Peterson, John E.: Developmental 
enamel defects of the primary denti­
tion in a group of Californian chil­
dren. J Dent Child, 54:330-334, 
September-October, 1987. 
This study reports the occurrence of de­
ve lopmental enamel defects in the pri­
mar y d e ntition in a g roup of 300 
children , three to six years old . Of the 
children examined, nine ty-nine (33 per­
cent) had such defects ; sixty-two (21 per­
cent ) showed hypoplasia , and thirty­
seve n (12 perce nt) showe d opaciti es 
only. Black children showed the highest 
rate (60 percent), followed by whites (38 
percent ), and Hispanics (18 pe rcent). 
Sex and socioeconomic status were not 
important factors. 

Mandibular canine teeth; Hypo­
plasia; Enamel defects; Opacities 

Ngan, Peter W.; Wolf, Terry; Kassoy, 

Gerald: Early diagnosis and preven­

tion of impaction of the maxillary 

canine. J Dent Child, 54:335-338, 

September-October, 1987. 

This paper presents the case of a ten­

year-old girl with a maxillary right ca­
nine tipped toward the midline and 
more mediall y positioned than the left . 
It was decided in the pedodontic clinic 
to extract it and observe the e ruption of 
the perman ent tooth , which eventually 
retluired only minor orthodontic treat­
ment to guide it into a functionally cor­
rect dental-arch position . 

Maxillary canine teeth; Impac­
tion; Orthodontics 

Crim, Gary A. and Shay, Jeffrey S.: 
Effect of etchant time on micro­
leakage. J Dent Child, 54:339-340, 
September-October, 1987. 
Although acid conditioning of enamel 
lor one minute is customary, shorte r 
times may be effective ; this study exam­
ined the effect of reduced e tching time 
on the microleakage ofa composite res in 
with dentin bonding. Three diiTerent 
etch times (15, 30, and 60 seconds) were 
equally effective in e liminating leakage 
around e namel margin s. The non­
etched control group displayed signifi ­
cant leakage . Under the experimental 
conditions of this study, it appears that it 
is not necessary to e mploy extended 
etching times, which is desirable with 
young patients. Etching enamel for 15 
seconds with an acid gel was as effective 
in e liminating microleakage as 30- or 60­
second etch times. 

Microleakage; Etch times; Enamel 

Hogstrom, Asa and Andersson, Lars: 
Complications related to surgical re­
moval of anterior supernumerary 
teeth in children. J Dent Child, 
54:341-343, September-October, 
1987. 
Diffe rent opinions exist in the lite rature 
concerning the optimal time for surgical 
re mova l of ant e ri or supe rnum e rary 
teeth . Some authors recommend imme ­
diate removal, whereas others recom­
mend postponing surgery until the root 
development of adjacent teeth is com­
ple ted . Those advocatin g th e latt e r 
opinion believe there might be some 

potential damage to adjacent teeth and 
the risk of creating dental anxie ty in the 
young child . The purpose of this inves­
tigation was to study the complications 
re lated to surgical re moval of a mes­
iodens and to e lucidate the psychologi­
cal effect of this kind of surge ry on 
children at an early age. The study con­
sisted of 40 patients, 23 with uncom­
ple ted and 17 with co mple ted root 
development. The results showed that 
early surgical removal neither impaired 
the prognosis for the adjacent teeth nor 
increased the risk for creating dental 
anxie ty, compared with postponing sur­
ge ry until root development of incisors 
is comple ted . 

Surgical complications; Oral sur­
gery; Dental anxiety; Supernumer­
ary teeth, anterior 

Waldman, H. Barry: Another per­
spective on children's dental needs 
and demands for services during the 
1980s. J Dent Child, 54:344-348, Sep­
tember-October, 1987. 
A review is provided of parent reports 
on children's dental service needs, use 
of se rvices, and reports of children's re­
stricted days, bed days, and lost school 
days associated with dental conditions. 
Continuing parental awareness of the 
need for more services is noted . 

Pediatric dentistry; Epidemiology 

Nelson, Linda P. and Album, Manual 
M.: AIDS: children with HIV infec­
tion and their families. JDent Child, 
54:353-358, September-October, 
1987. 
This review is based on the participation 
of two pediatric dentists who were in ­
vited to the Surgeon General's work­
shop confe re nce on AIDS . Through 
mid-April 1987, there were 600 cases of 
pediatric AIDS (that fit the CDC defini­
tion) in the United States ; 60 percent of 
these children have died . Diagnosis of 
HIV infection in children creates a state 
of crisis in the family. 

AIDS; HIV infection; Pathogens; 
Health education 
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Croll, Theodore P.; Pascon, Elizeu, 
A.; Langeland, Kaare: Traumatically 
injured primary incisors: a clinical 
and histological study. J Dent Child. 
54:401-422 , November-December, 
1987. 
World-wide epide miological studi es 
state that from 8 percent to 30 percent of 
children up to 7 years of age sustain 
injury to primary incisors , including 
crown fracture, root fracture, tooth avul­
sion , and dental displacement , which 
result in malformation of pe rmanent in­
cisors depending upon their state of de­
velopment. In this study, traumatized 
primary in c isors were eva lu a te d 
clinically and radiographically, with the 
following data recorded : exact or ap­
proximate time -inte rval of traumatic 
episode(s) and extraction, mobility, 
color change, sensitivity to percussion/ 
palpation , swelling, sinus t:act, caries , 
crown/root fracture, pe riodontal/per­
iapicallesions, exte rnal/inte rnal root re­
sorption , mine ralization , and obtura­
tion . Based upon the local damage and 
developmental age , 138 teeth were ex­
tracted, fixed in 10 percent formalin , 
and processed for histological evalua­
tion according to routine methodology. 
Histologic findings were: the presence 
of varying extent of necrosis , bacteria in 
the area of necrosis-not in all cases­
ne utrophilic leukocytes, chronic in­
Rammatory cells, pulpal calcifications , 
resorption/apposition , and circulatory 
changes. The blood pigm e nt dis­
tinguished hemorrhage due to extra(:­
ti on from pathologic Circu latory 
changes. All the described reactions 
varied in intensi ty and extent with the 
time interval and the assumed force of 
the original trauma. Physical trauma to 
primary teeth caused pulpal damage, 
which could involve periapical tissue, 
depending on the extent of the initial 
damage . 

Tooth, primary: Wounds and inju­
ries, follow-up study 

Turner, Clara; Courts , Frank J.; 
Stanley, Harold B.: A histological 
comparison of direct pulp capping 
agents in primary canines. J Dent 

Child, 54:423-428, November-De­
cember, 1987. 
The purpose of this study was to evalu­
ate the pulpal response to four calcium 
hydroxid e pre parations in primary 
tee th . Data indicated the calcium hy­
droxide-saline paste induced more in­
Rammation and produced a greater zone 
of mummification than the three com­
mercial preparations studied . Un inten­
tional deep impaction of the medica­
ment or de ntinal ch ips increased in ­
fl ammation for all categories. All medi­
caments produced a superficial necrosis 
(mummification) of the pulp. The great­
est degree of mummification was seen 
with th e ca lc ium h ydrox id e -salin e 
paste. Th e calcium hydroxid e-salin e 
paste produced a thick dentinal bridge, 
located deeper in the pulp when com­
pared with the commercia l agents. 
Commercial agents produced narrower 
but sufficien tly high-quality de ntinal 
bridges. This study indicates that di rect 
pulp capping of exposures in primary 
teeth is a viable procedure. The newer 
commercial agents may be preferred , as 
they produce minimal inflammation , 
satisfactory dentinal bridging, and pre­
servation of most of the vi tal pulp tissue. 

Direct pulp capping; Primary 
teeth; Mummification; Dentinal 
bridging 

Obry, F,; Belcourt, A.B.; Frank, R.M.: 
Biochemical study of whole saliva 
from children with chronic renal 
failure. J Dent Child, 54:429-432 , 
November-December, 1987. 
The bioche mical compos ition of un­
stimulated whole saliva was studied on 
ten children suffering from chronic re­
nal failure and who, at the same time, 
displayed a very low caries activity. Vari­
ous salivary components were studied 
before (T) and after (To) dialys is and 
were compared with similar elements of 
a control group, as well as wi th blood 
va lues. A mean salivary urea con­
centration of 513 ± 210 mg/l00 ml was 
found prior to dialysis, whereas afte r 
treatment this value dropped to 241 ± 
82 mg/l00 ml , about twice as much as in 
the control group, llO ± 48 mg/l00 m\. 

TIle mean urea concen trations in blood 
at T and To were respectively 196 ± 38 
mg/l00 ml and 53 ± 22 mg/l00 m\. The 
various free amino acids in the whole 
saliva of these patients showed diffe rent 
changes in their concentrations as a re­
sult of dialys is , with the basic amino 
ac ids be ing cons ide rabl y increased. 
Blood e lectrolytes remained close to the 
normal range, although calcium was de­
pleted and magnes ium lowered by a /ac­
tor of 10 when compared before and 
aft e r dialysis, as well as versus the con­
trol group. 

Renal failure, chronic; Whole sa­
liva , unstimulated; Urea ; Amino 
acids; Electrolytes 

Weinberger, Sergio J. and Wright, 
Gerald Z.: The unpredictability of 
primary molar resorption following 
ectopic eruption of permanent mo­
lars. J Dent Child , 54:433-436 . 
November-December, 1987. 
Two case reports are given, demonstrat­
ing what appears to be two types of re­
sorption associated with ectopic erup­
ti on. In both cases a progre ssive 
resorptive process occu rred on one side 
and a stationary type on the other. Close 
follow-up is important ; it resulted in a 
successfu l outcome for the patient in 
case 2 here , whereas the first patient 
required major orthodon tic treatment 
because of the ectopic e ruption . 

Ectopic eruption; Molars primary; 
Resorption; Orthodontic treatment 

Nathan, John E. and West, M. Stew­
art: Comparison of chloral hydrate­
hydroxyzine with and without 
meperidine for management of the 
difficult pediatric patient. J Dent 
Child, 54:437-444, November-De­
cember, 1987. 
This study examined the effectiveness of 
chloral hydrate-hydroxyzine with and 
without meperidine in the treatment of 
135 unmanageable children with exten­
sive caries, comprising 142 visi ts. Com­
parisons were made be tween subjects 
receiving e ither a 50-or 70 mg/kg dose of 
chloral hydrate in combination with 25 
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mg hydroxyzine, with or without 20-30 
mg oral meperidine, in this study using 
multiple operators. The adjunctive 
effect of nitrous oxide (used only when 
oral medications were inadequate) was 
also studied. 

Subjects receiving the meperidine 
combination were successfuly treated 
(without need for persistent or harsh 
physical restraint) in 76 percent of the 
cases, compared to 31 percent when 
meperidine was not added. No episodes 

.	of respiratory or cardiac depression or 
detectable loss of protective reflexes oc­
curred during any of the visits. The ad­
dition oflow doses of oral meperidine to 
a chloral hydratehydroxyzine combina­
tion appears beneficial and safe, effec­
tively overcoming severely disruptive 
child responses and providing adequate 
working time for treatment. It mini­
mizes the need for harsh physical re­
straint. When meperidine is included, 
use of the higher dose ofchloral hydrate 
appears unwarranted. 

Chloral hydrate; Meperidine; Se­
dation, oral; Behavior, difficult 

Glenn, Frances, B. and Glenn, 
William, D. III: Optimum dosage for 
prenatal fluoride supplementation 
(PNF): Part IX. J Dent Child, 
54:445-450, November-December, 
1987. 
There exists such a wide margin of safety 
for prenatal fluoride in regard to fluo­
rosis that 2 mglday can be used as a 
Simplified prenatal fluoride dosage in all 
areas, regardless of whether they are 
fluoridated. Any prenatal fluoride dos­
age between 1 and 4 mglday is better 
than no prenatal fluoride at all. 

Fluoride, prenatal; Fluorosis 

Faine, Robert C.: The use of dental 
sealants in the Washington State 
Medical Assistance Program: a one­
year report. JDent Child, 54:451-453, 
November-December, 1987. 
The total cost of providing sealants to a 
group of 6,191 children (17.3 percent of 
those eligible) by an average of 1,317 
dentists participating in the program 

from November 1985 through October 
1986 was $172,535. There were 593 den­
tists who placed sealants during the 
one-year program, with an average of 
3.16 teeth sealed per child. It is antici­

pated that more children will be treated 
during the second year of the sealant 
project. 

Sealants; Epidemiology; Delivery 
of dental services 

News 


NEW EDUCATIONAL 

MATERIALS 

Following the recommendations of the 
ASDC Education Committee, several 
new ,}atient-education items have been 
pruduced, during recent months. A bro­
chure titled , Child behavior and the 
dentist: a parent's guide , is now avail­
able. The concept expressed is a 
positive approach to preparing children 
for visits to the dentist. The parents' 
roles are described and the need for 
cooperative efforts is emphasized. The 
brochures are sold in packets of 100 at a 
cost to members of $15.00 per packet. 

A second new brochure, in produc­
tion, is on interceptive orthodontics. 
The illustrations depict actual cases and 
will be in a four-color format. The text 
describes in simple and concise lan­
guage the advantages of interceptive 
orthodontics, from time-saving, pa­
tient-comfort, and cost-of-treatment 
pOints of view. (Ready in mid­
November) 

A third brochure, Preventive resin 
restorations, will also be in four-color 
format. This describes a restorative 
technique, which, its supporters claim , 
will grow rapidly in popularity. (Ready 
in late November) 

A fourth brochure, Development of 
children's teeth, tells the story of the 
development, eruption, and shedding 
of the primary teeth; and states the nor­
mal eruption times of the permanent 
teeth. A useful brochure, designed to 
save your time and provide parents with 
the answers to their questions on tooth 

development. (Ready in late 
November) 

A fifth brochure is a Spanish version 
of the very popular Infant Nursing. This 
will sell for the same price as the En­
glish version: $15.00 lor a packet of 100 
to members. 

Three slide/tape programs, Child 
abuse alert, Nursing caries syndrome, 
and Your baby is on the way, have been 
completely revised, and are available in 
video as well as the slide/tape format. 
The script has been tightened and the 
illustrations animated. A single profes­
sional voice presents the text. The slide/ 
tape format is sold for $75 and the video 
version for $59.95. 

The video history of dental care lor 
children is completed and was shown for 
the first time at the 1987 Annual Meet­
ing in Tucson. Plans for distribution will 
be announced in the next Newsletter 
and in the catalog. 

The new catalog of educational mate­
rials is in preparation and a copy will be 
mailed to all members , when it is com­
pleted. 

ADA NAMES EDITOR 

The Board of Trustees of the American 
Dental Association has appointed Dr. 
William F. Wathen of Fort Worth , Texas, 
as ADA Editor. As such he will serve as 
an officer of the Association and head of 
the Editorial Division of the ADA, 
which is responsible for publication of 
the Journal of the American Dental As­
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