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SUMMARY Children, 4—6 years old, 153 Caucasian
and 50 African-American, from a pre-school and
kindergarten programme in a low income industrial
area, who participated in a voluntary oral health
examination, were questioned and examined for
signs and symptoms of craniomandibular disorders
(CMD) and of oral parafunctions. Most of the CMD
signs and symptoms were mild. Eight per cent had
recurrent <at least 1-2 times per week) TMJ pain, and
5% had recurrent neck pain, African-American chil-
dren more often than Caucasian children (P<005).
Seventeen per cent had recurrent headache. Three
per cent had recurrent earache. Pain or tiredness in
the jaws during chewing was reported hy 25% of the
children, more often by African-American than by
Caucasian children (P<0-001) and more often by
girls than by boys (P<0 05). Pain at jaw opening
occurred in 10% of the children, more often in the
African-American than in the Caucasian group (P<
0 001). Thirteen per cent of the children had problems
in opening the mouth. Deviation during opening
was observed in 17% and reduced opening in 2%.
Reduced lateral movements, locking or luxation

were not observed in any child. Palpation pain was
found in the lateral TMJ area in 16%, in the posterior
TMJ area in 25%, in the temporalis and masseter
areas in 10%, and pain for all regions was found
more often in the African-American than in the
Caucasian children (F<0-01). Thirty-four per cent of
the African-American, and 15% of the Caucasian
children admitted to having ear noises <P<0-01).
TMJ sounds, as recorded by auscultation, occurred
in 48% of the children, more often in the African-
American than in the Caucasian children (P<0-001)
and more often in girls than in boys (P< 0̂ )5). Bruxism
was noted in 31% of the African-American and in
17% ol the Caucasian children (F<0-05>. Thumb
sucking was reported in 56% of the children, more in
the girls than in the boys (F<001). The habit was
still present in 29% of the children. Fifty-five per
cent had the parafunction nail biting. The results of
this study showed that mild but distinct signs and
symptoms of CMD already occur by the age 4-6 with
slight differences in distribution observed between
the sexes and strong differences noted between the
African-American and the Caucasian races.

Introduction

Craniomandibular disorders (CMD) often have a pro-
gressive course (Blackwood, 1963, 1969; Ash, 1986).
They represent a general health problem (Kirveskari,
1991) and may, especially il diagnosed too late, progress
into a state with irreversible destruction of the intra-
capsular TMJ elements (Farrar & McCarty, 1983). It is
important, in planning therapeutic and prophylactic
procedures, to have knowledge about the natural progress

of CMD. Little is known however, about the severity of
early stages and the influence of gender and racial
factors in young age groups. There is also a need lor
more intormation about the occurrence in low age
groups of oral parafunctions, wbich may be aetiological
factors in CMD (Wechsler, 1931; Olkinuora, 1969;
Lindqvisl, I97I; Ayer, 1979; Nilner fr Lassing, 1981;
Ramfjord & Ash, 1983; Rugh & Lemke, 1984; Westling,
1988; Kleinrock et al. 1990). The prevalence o\ CMD
signs and symptoms and of parafunctions have been
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.subject to many studies in adult populations and in
children (Hellcimo, f979; Egermark-Eriksson, Carlsson
& Ingervall, 1981; Egermark-Eriksson, f982a,b; Nilner
& Kopp, 1985; Kirvcskari, Aianen & Jamsii, 1986;
Kononen el al.. f987; Kleinrock et al., 1990), but rela-
tively few of the subjects were below the age of seven,
Thu.s, there is a need for more information about the
prevalence of early stages of CMD and oral parafunctions
in prt'-school children. The aim of tfic present study was
to record the prevafence of CMD signs and symptoms
and of oral parafunciions in 4-6-year-old African-
American and Caucasian children, and to test the hypo-
thesis that tfie distribution of CMD signs and symptoms
and of oral parafunciions is dependent upon gender
and race.

Subjects

Examinations were performed on 203 children, aged
5-06 ± 0-634 (s.d.j, from a pre-schoof and kindergarten.
20 miles west of Detroit, Michigan, U.S.A. The children
presented at the school for annual voluntary oral health
examination. The results reported here are from those
who were in the age range 4—6 years and were eitber
Cancasian or African-American (Table I). Only those
children witfi a signed consent form could be examined.
The sex distribution was ^6% boys and 44% girts, about
Ihe same as in the entire sehool in whicb there were
559 children enrolled with 57% boys and 43% girls.

Methods

The examination and recordings were made hy three
experienced faculty members and one speciatly trained

Table 1. Acji-and sex distribution

Caucasian

boys
.Sirls

African-American
boys

girls
All boys

All girls

Total

n

15!

88
65

50

25
25

115
90

203

Mean

508
5 0J

515

4-98
5-12
4'84

5-05
5-07

506

ARC

s,d-

0'638
0-651
0-618

0-622
0-666

0-554
0-652

0-614

0-634

S.d. ~ standard deviation.

dental student. Occlusion was also examined but will
he reported separately. Palpation and auscultation
recordings were made on all children by the same exam-
iner. Signs, symptoms, and oral parafunctions, gener-
ally eonsidered to be associated with CMD (Magnusson
& Carlsson, 1978; Nilner &• Lassing, 1981; Egermark-
Eriksson, 1982a; Ash, 1986; Wanman, 1987; Rothenberg,
1991), were recorded. Intra-oral muscle palpations
were not performed for practical reasons since exam-
ination and recordings were made in limited school
facilities.

Examination

Interview

The children were interviewed concerning acute pain,
jaw movement impairment, TM joint sounds, parafunc-
tions, and pain history. Some of the children answered
that they did noi know the answers to some of the
questions. The following questions were presented and
carefully explained to each child:

Acute pain: 'Do you have any pain or tiredness in the
jaws during chewing such things as gum?'

Acute mandibular dysfunction: 'Do you have any pro-
blems in opening your mouth?'
'When you open your mouth, do you have any
noises by your ears?'

Oral parafunctions:

Bruxism: 'Are you aware of or has anyone told you
that yon grind your teeth?'
Nail biting: 'Do or did you bite your fingernails?'
Thumb sucking: 'Do or did you suck your thumb or
finger?' If yes, at what age did you stop'

Pain history. Headache, earache, neck pain and jaw-
joint pain frequencies were recorded as never, seldom
(at least 1—2 times per year), or often = recurrent (at
least 1-2 times per week). Care was taken when ques-
tioning to determine if pain was derived from pulpitis,
sensitive tooth areas, or periodontat tissues.

Palpation

Tbe TM Joints were palpated laterally and posteriorly,
during mandibular rest and during jaw movements.
Soreness and tenderness were recorded on a three-
graded scale: 0 = no pain; 1 - slight soreness on left
and/or right side; 2 =̂  distinct pain and/or palpebral
reflex on left and/or right side. The temporalis and
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masseter muscle areas were palpated cxtra-orally and
tenderness was recorded using the same scale. Very few
(three) had more than grade 1 at palpation and those
with grade 1 or 2 were therefore pooled for the statisiical
analysis.

Examination of jaw movements

Range of active opening and lateral jaw movements
were classified as normal or reduced. Agerberg (1974)
examined 150 6-year-oid children and found the group
mean to be 44-9 mm witb a range of 32 mm-56 mm.
Opening ahility was labelled as reduced if it was 35 mm
or less and/or the child said that be/she could not open
as much as be/sbe used to. Maximal lateral movement
was to be eonsidered reduced if it was less tban about
8 mm and confirmed by the child to be less than it used
to. Deviations of jaw opening and ciosing movements
in the eorotial plane were noted if it was more than
2 mm. Tbe ebildren were asked if they felt pain in the
temporal, TM joint or masseter areas at jaw opening.
The children were examined for acute symptoms of
locking or luxation.

Auscultation of joint sounds

TMJ sounds were recorded using a regular stethoscope

without elearonie amplifier. The sounds were classified
according to location (left or right johit), type (clicking,
crepitation), and timing (during opening only, during
closing only, or reciprocal). Recordings from left and
right TMJ were pooled at tbe analysis. Popping sounds,
occurring when the eondyles moved past tbe articular
eminence, were not counted. All auscultation exami-
nations were performed by one investigator.

Statistical analysis

Differences between observed and expected frequeneies
were tested using the Pearson chi-square statistic and
complemented witb Fisber's exact test wben expected
values were small (less tban 5). Missing values were not
included when calculating tbe descriptive percentages.

Results

Complete results are presented in Tables 2—6, some of
wbich are repeated here.

Pain history (Table 2)

Headache was the most common recurrent (at least
1-2 times/week) pain symptom (16-7%) followed by
TMJ pain (8-4%, neck pain (4-9%) and earaehe (2-5%).

Table 2. Pain history

TMJ [Win
Never
Seldom
Oltfn

Hcatidche
Ncve-r
Sdditm
Orien

Earadic

Never

Seldom

Oflen

Neck pain

Never

Seldom

Often

Al l children

;j = 2O3

82 '8%

8-9"/.>

8-4%

46-8'fe

36-5 7o

16-7%

71-J%

26-2%

2-5"/o

79-8%

1 5-3"^.

4-9"A,

Caucasian

153

S.6-9%

5-9%

7-2'K,

49-7'!';,

33-3'fe

l7-i)"A.

75-27<,

22-2%

2-6%

»i-7%
iyi''/u

Afr ican-American

50

70-0%

18-0%

12-0%*

38-0%

46-0%

16'0%

59-2%

38'8%

2'0%

68-0%

2 2-0 71,

lO-O^, '

Boys

1 13

8i-4%
8-8'^
9-7'fe

47-87n

28 37t,

2 3'9%

74-3 "/o

2 3'9%

1-8%

80-5%

14-2%

5-3%

Girls

90

84-470

8-97>

6-7%

45-6%

46-77o

7-8 7 D * '

67-4%

29-27o

3'470

78-9%

16'7%

4-4 7>

Seldom = At least 1 -2 times per year. Often (recurrent) = at least 1 -2 times per
week. There was one missing value regarding earaehe for African -American girls.
It was not ineluded when ealeulating tbe descriptive percentages. *P<0-05;
**= p<0-01.
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Pain al jaw funclion
Chewing pain
Pain at jaw opening

Pain ai palpanon
Lateral TMJ
Posterior TMJ
Masseier muscie area
Teinporahs muscle area

All children
« = 203

25-4% (2)
10-3%

16-3%
24-6%
tO'87o
10-3%

Caucasian
153

17-2% (2)
5-9%

12-4%
19'6%
7-2%
7>2%

African-American
50

50-0%***
24-0%***

28 '0%'*
40-0%**
2 2 - 0 % "
20-0%**

Boys
113

19-8% (2)
[2-4%

13-3%
22-1%
9-7%

11)-6%

Girls
90

32-2%'
7-8%

20-0%
27-8%
12-2%
!0-0%

Table 3. Pain at jaw funclion and
palpation

Missing values are, if >0, given within parentheses after the percentage values.
They were not Included when calculating the descriptive percentages. * =̂  P< 0-05;

All children Caucasian African-Amei

« = 203 153 50

Boys

1 13

Problems m jaw opening
Deviaiion at jaw opening

Reduced jaw opening degree

12-9% (1)
17'2%

2-070

1 1 - 8 % (1)

15'0%
l-37o

I6-O7o
24-0%

4-0%

11-6% (1)
18-6%

2'770

14-4%
15-6%

1-17o

Missing values are, if >0, given within parentheses after the percentage values.
They were not included when calculating the descriptive percentages.

Caucasian

153
African-American

50
Boys

113

Earnoisf

Auscultation
19-6% (4)
47-8%

34-0%**
68-0%***

16-2% (2)
40-7%

23-9% (2)

56-770"

Earnoise, as reported by the children, and TMJ sounds as recorded by auscultation.
Missing values are, if >0, given within parentheses after the percentage values.
They were no( included when calculating the descriptive percentages. * — P<0-05:

children

' = 203
African-American Boys

113
Girls

90

Bruxism
Nail bilinfi

Thumb/liniiCi sucking

20-0%
55-2%
55-97o (1)

16-6%
53-6%
53-3%

m
(1)

30-6"/
60-0"/
64-0'!',

54-0%
46-97o

20-0%

56-7%

• ( I )

Missing values are, it >0, given within parentheses after the percentage values.
They were not included when calculating the descriptive percentages. * - P< 005;
** = P<O-OI.

Table 4. Jaw movement
dysfunction

Table 5. TMJ sounds

Table 6. Prevalence of oral

OnJy 46-8% said they had never expericuct̂ d headaches
and 82-8% had never experienced TMJ pain. Most of
the children had never experienced earache {71-3%)
or neck pain (79-8%). African-American children had

more TMJ pain and neck pain than the Caucasian chil-
dren (P<0-05). More boys (23-9%) than girts (7-8%)
had recurrent headaches (?<0-01).
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Pain (acute) at jaw function and palpation (Tahle 3)

Pain or tiredness in tbe jaws during chewing was reported
by 25-4% of the children. iVlore African-American
than Caucasian children had pain or tiredness at chewing
(F<0 001), pain at jaw opening (P<0 001), pain at
palpation of the lateral (P<001) and posterior {P<
0-01) TMJ areas, or pain at palpation of the masseter
(P<0.01) or teinp«ralis (P<0-01) areas. Chewing pain
was more common in girls than in boys {P<0-05).

Jaw movement dysfunction (Tahle 4)

Some of tbe children (12-9%) reported that tbey had
problems in opening the mouth. Reduced opening
degree was, however, rare and observed only in 2 0%.
Deviations during opening were observed in 17 2% of
the children. No observations were made of reduced
lateral movements.

Joint sounds (Table 5)

Ear noises were reported by 19-6% of tbe children and
more often (P< 0-01) by the African-American (34 0%)
than by the Caucasian children (14-8%). Also, more
African-American children had joint sounds at auscul-
tation (P< O-OOl). Girls had joint sounds detectable by
auscultation more often than boys {P<0-05}. Clicking
occurred in 21-4% of the children, mostly during open-
ing, and crepitation was heard in 30-6% of the children.
It was often difficult to decide if the sound should be
cbaraaeri^ed as clicking or crepitation.

Parafunctions (Table 6)

Twenty per cent were aware of or had been told that
they grind their teetb. Fifty-five per cent bite, or had
hecn biting tbeir nails. Tbe corresponding figure for
thumb/finger sucking was 55-9%. Twenty-nine per
cent of the children bad continued tbe habit of thumb
sucking. The age of disconlinuing the habit, 50 ± 0-67
(s.d.) for those 40 children who remembered was close
to the mean age for the whole group (51 ±0-63).
The prevalence of bruxism was higher in the African-
American than in the Caueasian children (P<0.03).
More girls than boys had a history of thumb/finger
sucking (P<0 01).

Discussion

Mild forms of signs and symptoms of craniomandibular
disorders (CMD) with only a few sex, but many racial,
differences, were found to occur to a high degree, similar
to the prevalences reported from studies on the 7-year-
old age group (Grosfeld & Czarnecka, 1977; Egermark
et al, 1981). Bruxism was more common in Afriean-
American children, bui only at the 5% level. Most of
the children's parents were low-income industrial
workers who were severely affected by the current
recession. Future studies with larger groups will also
consider socio-economic and sociomedical factors.
Questions of interest would he, for instance, if economic
status and educational level of the parents affect the
prevalence and incidence of CMD signs/symptoms in
their children.

We found higher prevalence of headache than
Sillanpaa, Piekkala & Kero (1991), who also examined
5-year-old children. The result regarding the preva-
lence of recurrent (at least I -2 times per week) head-
aches, not being lower in boys than in girls, is contrary
10 other reports (Nilner & Lassing, 1981; Egermark-
Eriksson, 1982b; Nilncr & Kopp, 1983). Several studies
of adolescems have shown females to have significantly
more recurrent headaches than males (for review see
Egermark-Eriksson, 1982b). A possible explanation is
that the mean age was much lower in this study and
tbat cbanges in headache pattern, may occur in older
age groups, due to hormonal changes.

The prevalence of bruxism was similar to what Reding,
Rubright &• Zimmerman (1966) and Egermark-Eriksson
etal (1981) reported. Prevalence of nail biting was only
slightly higher than in most reports concerning young
children (for review see Westling, 1988). Most authors,
however, found a higher prevalence in boys than in
girls of the parafunetion fingernail biting while we
found the sex distribution to be very similar. One expla-
nation may be that the children in the present study
were a few years younger than In most of the other
studies and that boys may discard the habit earlier
than the girls. A history of thumb sucking was found in
56%, but only 29% still had the habit. Nilner & Lassing
(1981) lound the prevalence to be 5% in 7-14-year-
old children. It is obvious that the prevalence of this
habit can he expected to decrease with increased age
which can explain the differenee.

It was difficult to distinguish between clicking and
crepitation. Egermark-Eriksson (1982a) made the same
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observation. It was also difficult to tell precisely where,
duritig the open-close cycie, tbe sounds occurred. It is
generally agreed tbat the reliability is low when com-
paring results of auscultation between observers (Smith
&- Markus, 1991). It is, tberefore, important that one
and the same observer listens to all tbe children. Tbis
may of course be a severe problem in longitudinal
studies. Joint sounds cannot be expected to occur with
the same intensity and charaaer at repeated movements
over time. Attempts to calibrate examiners by having
them listen with a stethoscope may, tberefore, be less
successful because they are not listening to the same
sounds. Presently, tbe best solution to these problems
seems to be to analyse simultaneous electronic re-
cordings of TMJ sounds, jaw movements and muscle
activity, as a complement to auscultation in future
studies (Ekensten, 1952; Watt, 1963, 1980; Widmalm
& Hedegard, 1974; Widmalm, Williams fr Zheng, 1991).

Large inter-observer variation has to be expected
for data recorded by palpation and auscultation. It is
important therefore, as sbown by Carlsson, Egermark-
Eriksson & Magnusson (1980), to avoid change of exam-
iner 'within a variable' and to calibrate the observers if
sucb changes cannot be avoided. However, even if the
members within a team can be calibrated, it is hardly
possible to do tbe same between different teams, unless
they work close togetber. The present study found, for
instance, sounds and palpation tenderness that occurred
at a higher degree in the 5-year-old children than
reported by Kirveskari £•; a/. (1986). This may reflect real
difierences between the samples, taken from populations
witb many possible differences in socio-economic,
cultural and other factors, but it may also be due to
differences in methodology. Regarding data obtained
by palpation and/or auscultation, it is probably more
fruitful to compare differences found within studies tban
to compare ihe exact percentages of prevalence data
between studies. It may also be more rewarding to com-
pare between studies using data obtained using ques-
tionnaires, especially if different research groups agree
to use the same wording wben formulating the questions.

Multiple comparisons using cbi-square testing ol
categorical variables have tbe unavoidable effect that
5% of the tests will by chance, and will erroneously
sbow significance with P values less tban 0-05; 1% of
the lests will by chance have P values less tban 0 01, etc.
Tbe number of significant differences found in this
study were, however, higher than what can be expected
due to this type of error.

Most epidemiological studies on non-adults have
been on school children. Attendance at pre-scbool and
kindergarten is not mandatory in Michigan. A true
representation of tbe whole 4—6-year-old population is
therefore difficult, and expensive, to obtain. Tbis does,
however, not affect the most important resuh in this
study, namely that tbe prevalence of distinct signs and
symptoms of CMD is high by the age of five. Nor does
it affect the conclusion that regular examinations,
screening for signs and symptoms oi CMD, and the
initiating of prophylactic procedures may be advisable
with pre-scbool children. Because the participation was
voluntary, tbe often signifieant diflerenees between
African-American and Caucasian children can only be
taken as indications of racial differences. Future studies
on larger groups are tberefore desirable in order to
describe the natural progress ol CMD and should also
include tbe examining of the possible influence of
sociomedical and socio-economic factors (Franks, 1964;
Heloe, Heloe & Heiberg, 1977).

Acknowledgments

The authors want to express their gratitude to Dr Henry
Kanar and to Ms Henri M. Parker, R.N. for tbeir help in
arranging the examination of tbe children.

References

AGERRERG. G. (1974) Maximal manditmiar movements in children.
Ada Odontologica Scandinavica. 32, 147.

Asi], M . M . J R . (1986) Current concepts in the aetiology, diagnosis

and trealmeni of TMJ and muscle dysfunction. Journal of Oral

Rehabilitation. 13, 1.
AVER, W.A. (1979) Oral Motor Behavior: Impact on Oral Conditions

and Denial Treatment. P. Bryant, E. Gale & J. Rugh, eds. p.7. U.S.
Departmcnl of Health, Education, and Welfare, Beihesda, MD.

BLACKWOOD, H.J . J . (t963) Arthritis of the mandibular joint. British

Denial Journal. 1 1 5 , 3 t 7 .

BLACKWOOD. H.J.J. (t969) Pathology of the mandibular joim.

Journal of the American Dental Association. 79, 118.
CARLSSON, G.E., EGERMARK-ERIKSSQN, I. & MAGNUSSON, T. (1980)

lnira- and interobserver variation in functional examinaiion of
the masticatory system. Swedish Dental .lournal. 4. 187.

EGERMARK-HRIKSSON, 1., CARLSSON, G.E. & INGERVALL. B. (1981)

Prevalence of mandibular dysfunction and orofacial parafunt-

tion in 7-, 1 1-, I5-ycar old Swedish children. European Journal

of Orthodontics. 3. 163.

EGURMARK-ERIKSSON, 1. (t982a) Mandibular dysfunction in children

and in individuals with dual bite. Swedish Denial Journal. Suppl.

10. Thesis.

EGERMARK-EKJKSSON. I. (t982b) Prevalence of headache in Swedish

Journal of Oral Rehabilitation 1995 22; 87-93



PREVALENCE OF CMD IN CHILDREN 93

schoolchildren. Acta Pediatrica Scandinavica, 71, 135.
EKENSTEN, B . (1952) Phonograms of anomalies of ibe temporo-

mandibular joint in motion. Odontologisk Tidskrift, 60. 255.

FARRAR, W.B. &MCCARTY, W.L. (1983) A Climcal Ouiline of Temporo-

mandibular Joint Diagnosis and Treatment. 7lb edn, p. 11-50 .
Normandie SUidy Group for TMJ Dyslunction, Monijiomcry.
Alabama.

FRANKS, A.S.T. (1964) Tht- social cbaractcr of lemporomandibular
joint dysfunction. The Denial Practitioner. 15, 94.

GROSFELD, O . & CZARNECKA, B . (1977) Musculo-articulai disorders
of the stomatognathic system in school cbildren examined
according to clinical criteria. Journal of Ora) Rehabilitation, 4, 193.

HELKIMO, M. (1979) Temporomandibular Joint. Function and Dysfunc-

tion. G.A. Zarb 6 G.E. Carlsson, eds. p. 175-192. Munksgaard,
Copenhagen.

HEi.dE, B., HELOt;. L.A. & HKIBERG, A. (1977) Relationship between
sociomedical factors and TMJ-symploms in Norwegians with
myotascial pain-dysfunction syndrome. Commumty and Dental

Oral Epidemiology. 5, 207.

KIRVESKARI, P. (1991) Arc cranioinandibular disorders a general
health problem? Proceedings of the Finnish Denial Society. 87, 309.

KLRVESKARF, P., ALANEN, P. & JAMSA, T. (1986) Functional state of
the stomatognalbic system in 5. 10 and 15 year old children in
southwestern Finland. Proceedings of the Finnish Dental Society,

82. 3.

KLEiNROCK, M.. MiELNICK-HUS, J. , ZVSKO-WOZNLAK, D. , K A C Z M A R E K .

A., DoRACZYNSKA, E. & Pvc, K. (1990) Investigations on preva-
lence and treatment of fingernail biting. The Journal of Cranio-

mandibular Practice, 8, 47.

KONONEN. M. , KLEEMOLA-KUJALA, E., KATAJA, M. , BVALAIITE, M. ,

LAINE, P. & PECK, L. (1987) Signs and symptoms of craniomandi-
bular disorders in a series of Finnish cbildren. Acta Odontologica

Scandinavica, 45 . 109.

LiNDOViST, B. (1971) Bruxism in children. Odontologisk Reyy, 22,
413.

MAGNUSSON. T. & CARLSSON, G.E. (1978) Recurrent headaches in
relation to temporomandibular joint pain-dysfunction. Acta

Odontologica Scandinavica, 36, 333.

NiLNER, M. & KOPP, S. (1983) Distribution by age and sex of func-
lional disturbances and diseases of ihe siomatognathic system in
7 - 1 8 y e a r o l d s . Swedish Dental Journal, 7, I 9 L

NiL.NEK,M. S-LASSINC, S.A. (1981) Prcvak-ncf of functional disturb-

ances and diseases of the stomaiojinathic system in 7 - 14 year
oia^.-Swedish Dental Journal. 5, 173.

OLKINUORA, M . (1969) Bruxism. Suoinen HammaslaHkarin-uran

Toimituksia.65, 312.
RAMFJORD, S. & ASH, M . M . J R . (1983) Occlusion, 3rd edn, p. 179.

W.B. Saunders Company, Philadelphia.
REtiiNC, G.R., RuBRiGiiT, W.C. trZtMMHRMAN, S.O. (1966) Incidence

of bruxism. Journal of Dental Research. 45, 1198.
RoTHENBERG, L.H. (1991) An analysis of maximum mandibular

movements, craniofacial relationships and temporomandibular
joini awareness in cbildren. The Angle Orthodontist. 61, 103.

RuGfi, J.D. & LEMKE, R.R. (1984) Social Sciences and Dentistry. A

Critical Bibliography. Vol. II. p. 19 -83 . Cohan 6- Bryant, eds.
Quintessence, London.

SiiXANPAA, M., PIEKKALA, P. B- KERO, P. (1991) Prevalence of headache

at preschool age in an unselected child population. Cephalalgia.

11, 239.
SMn-H, W.P. & MARKUS, A.F. (1991) Internal derangement of ihe

temporomandibular joint: an audit of clinical findings, arthrog-
rapby and surgical treatment. British Journal of Oral & Maxillofacial

Surgery, 29, 377.
WANMAN, A. (1987) Craniomandibular disorders in adolescents.

Swedish Denial Journal. Suppl. 44, p. 3 2 - 3 3 . Thesis.
WATT, D . M . (1963) A preliminary report on the auscultation of the

masticatory mechanism. Dental Practitioner, 14, 27.
WATT, D.M. (1980) Temporomandibular joint sounds. Journal of

Dentistry. 8, 119.
WECHSLER, D. (1931) The incidence and significance of fingernail

biting in children. Psychoanalytical Review, 18, 201.
WESTLFNG, L. (1988) Fingernail hiting: A literature review and case

reports. The Journal of Craniomandibular Practice, 6, 182.
WIDMALM, S.E. & HEDEGARD, B . (1974) An apparatus for ihe syn-

chronous registration of EMG activity in jaw muscles and of

vibrations in ihe masticatory system. The Journal of Oral Rehabili-

lation. 1, 183.
WIDMALM, S.E., WILLIAMS W.J. & ZHENG, C. (1991) Time frequency

distributions of TMJ sounds. The Journal of Oral Rehabilitation.

'. 43.

:tirresp()nd<.Ticc: Dr SvtTi E.

48103, U.S.A.
5 KiJcfuilf, Ann Arlxir, Ml

Journal of Oral Rehabilitation 1995 22 :87-93






