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ABSTRACT: This study was designed to find a method of assessing maximum mouth opening (MMO),
using a tool that is proportional to the body size. One hundred two (102) children were selected to participate in the study. MMO, the width of three fingers (index, middle and ring fingers), four fingers (index,
middle, ring and little fingers), body height, weight and age of each child were recorded, and the ability
of each subject to position the fingers, vertically aligned between the upper and lower central incisors
with the mouth maximally open, was documented. All subjects were able to position three fingers
between the upper and lower central incisors, while only 37 (36.3%) were able to position four fingers.
MMO was significantly different from the width of three and four fingers and was positively correlated with
both weight and height and with age. Height, weight, and age showed a moderate to strong correlation
with all finger measurements; no gender significant difference was observed for MMO. The findings of
this study suggest that the ability to position three fingers between the upper and lower incisors with the
mouth wide open can be considered a simple method to quickly evaluate MMO, but that it is not highly
reliable.

E

valuation of patients with temporomandibular disorders (TMD), as specified in the research diagnostic criteria for TMD edited by Dworkin and
LeResche, 1 requires information on general and oral
health, on the features, timing, and duration of the pain
and other symptoms, and on the effect of pain on personal
and social life. Range of motion of mandibular movements, the presence of noises in the temporomandibular
joints (TMJ), and TMJ palpation are cardinal points in the
assessment of TMJ function, and muscle palpation is fundamental in the assessment of muscle function.1
During clinical examination, limitation of maximum
mouth opening (MMO) is considered an important sign
of a possible diagnosis of TMD.2-5 Unfortunately, the
high variability of normal MMO measurement makes the
evaluation more difficult. In fact, values from 32 mm to
77 mm have been reported in the literature for adults.6-23
Gender differences have been shown, with men having
the tendency to open on average five mm more than
women.15 Measurements range from 40 mm to 77 mm in
male subjects,6,8,10,13,15-17 with more frequent values around
50-60 mm,8,13,15-17 and from 32 mm to 75 mm in female
subjects,6,8,10,13,15-17 with more frequent values around 4555 mm.8,13,15-17
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The ability of the subject to fit the first three knuckles
(of the index, middle, and ring fingers) of the nondominant hand between the upper and lower incisors with the
mouth fully open is suggested by Travell and Simons to
assess MMO. 9 A similar approach was proposed by
Zawawi, et al.,6 who reported similar values comparing
measurements of MMO and the width of three fingers
either of the right or the left hand. Based on the result, the
authors recommend the use of the capability of adult
patients to fit three fingers (index, middle, and ring
fingers) vertically positioned between the upper and
lower incisors with the mouth maximally open to evaluate MMO.6 Such efforts are aimed at finding a simple
method of assessing MMO, using a tool that is proportional to the body size,24 as is MMO.25,26
The objective of this study was to measure MMO in
children, and put the values in relation to the ability of the
subjects to fit three and four fingers vertically positioned
between the upper and lower incisors with the mouth
maximally open. An ancillary goal was to study the correlation between MMO and body height, weight, and age.
Materials and Methods
One hundred two children recruited from the waiting
room at Saint Joseph University School of Dental
Medicine, 45 boys and 57 girls, between the ages of four
and 15 yrs. (mean age=9.1 yrs.) participated in this study.
Clinical examination was performed at the Pediatric
Dentistry Center after informed consent was signed by
the parents, and the following inclusion criteria were met:
1. no history of jaw, head and face trauma; 2. no history
of signs and symptoms in the jaw, face, and neck, either
at rest or during function; 3. no history of severe bruxism;
4. no facial or dental developmental abnormalities; and 5.
no dental prosthesis on the anterior teeth. Subjects with
neck symptoms (point 2) were excluded because neck
pain has been reported to create limitation of mouth opening.27
Measurement of MMO was recorded by asking the
subjects to open their mouth as wide as possible twice,
while the examiner measured maximum distance from a
marked dot on the base of the nose and a second marked
dot on the chin at the midline; only the widest MMO was
retained. The choice of using landmarks other than the
teeth was due to the fact that many children in the age
group of five to seven years had their central incisors
either unerupted or partially erupted.
This would have made taking a precise measurement
of MMO difficult. MMO measurements were taken using
a gauge, while the subjects rested their heads against a
firm wall surface in an upright position.
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Measurement of the width of the three fingers (index,
middle and ring fingers), and four fingers (index, middle,
ring and little fingers), were also measured using a gauge.
Body height and weight were measured. To minimally
affect the exam, subjects were asked to wear light clothes
and remove their shoes during the weight-measuring
visit.
The ability to position three fingers (index, middle and
ring fingers), and four fingers (index, middle, ring and
little fingers), vertically aligned between the upper and
lower incisors up to the first distal interphalangeal folds
with the mouth maximally open, was documented. One
examiner performed all measurements.
Statistical Analysis
Analysis of variance (ANOVA) was used to assess the
differences between the recorded measurements. The
Pearson correlation test was used when appropriate.
A student’s t-test was used to detect gender difference
in the values of MMO. The Bonferroni method was used
to correct for type-I error. The results are expressed as
means ± standard error of mean (SEM).
Statistical analysis was conducted using the Statistical
Package for the Social Sciences (SPSS Inc., Chicago, IL);
statistical significance was evaluated for p<0.01 and
p<0.05 for all tests.
Results
MMO varied considerably among the subjects from a
minimum of 30 mm to a maximum of 65 mm, with a
mean value (±SEM) of 45.8 (±0.6) mm. Values of the
measurements of MMO, the width of three and four fingers (right and left), age, weight and height are reported
in Table 1.
ANOVA showed a significant difference between
measurements of MMO, right three fingers (39.0±0.3),
left three fingers (38.4±0.3), right four fingers (54.8±0.5)
and left 4 fingers (54.4 ±0.5) (p<0.0001), as shown in
Figure 1.
Pearson correlation coefficient showed a positive but
weak correlation between MMO and both weight (r2=0.07)
and height (r2=0.09) (p<0.01), and with age (r2=0.06)
(p=0.015). Height and weight correlated strongly (r2=0.74)
(p<0.0001), height, weight and age on the other hand,
showed a moderate correlation with all finger measurements (p<0.001) (Table 2).
ANOVA showed no significant difference of MMO
between ages (p>0.05), but it showed significant difference between the width of right three fingers p<0.001).
No significant difference in MMO was found between
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Table 1
Summary of All Measurements
(N=102)
Age
Weight
Height
MMO
(yrs.)
(kg)
(cm)
(mm)
Mean (±SEM)
9.1±0.3
33.0±1.2 134.2±1.4 45.8±0.6
Minimum
4
17
104
30
Maximum
15
76
173
65
MMO: maximum mouth opening; SEM: standard error of the mean

boys and girls (t-test=0.61, p>0.05). All subjects were
able to position three fingers, vertically aligned between
the upper and lower central incisors up to the first distal
interphalangeal folds with the mouth maximally open,
while 37 subjects (36.3%) were able to position four
fingers.
Discussion

Three finger
right (mm) left (mm)
39.0±0.3
38.4±0.3
31
30
47
46

Four finger
right (mm) left (mm)
54.8±0.5
54.4±0.5
42
43
68
67

MMO varied considerably among the subjects from a
minimum of 30 mm to a maximum of 65 mm, with a
mean value (±SEM) of 45.8±0.6 mm. These measurements are similar to the ones reported by many authors26,2831 that ranged from 25 mm to 70 mm with means of 43.9
mm to 50.6 mm in six to 14 year-old children. Also
Landtwig24 described values ranging from 39 mm to 63
mm with a mean value of 45.9 mm, considering 95% of

Figure 1
Mean measurements of maximum mouth opening, the width of three and four fingers.
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Table 2
Pearson Correlations of All Measurements
(N=102)
Height
1

MMO
0.27*
1

Weight
0.86*
0.292*
1

Height
MMO
Weight
Age
R three fingers
R four fingers
L three fingers
L four fingers
MMO: maximum mouth opening; R: right; L: left
*Correlation significant at the 0.01 level (2-tailed)
**Correlation significant at the 0.05 level (2-tailed)

the subjects (2.5% of the upper and 2.5% of the lower
limits were disregarded), regardless of the fact that age
range of the children was wider: five to 19 years (mean
age=12 years) compared to a range of four to 15 years
(mean age=9.1 years) of the present survey. Alamoudi, et
al., 32 Muhtarogullary, et al., 33 and Cortese, et al., 34
described much lower values of MMO in children with
primary dentition (41.2 mm, 38.2 mm, and 38.59 mm,
respectively), but also slight lower values in subjects with
mixed dentition.33,34 In this case, the different age is probably the reason of the diverse results obtained. However,
Vanderas25 reported higher values, with a mean of 54.8
mm among asymptomatic children between the age of six
and 10 years. Intermediate mean value of MMO of 51.3
mm is reported by Ingerval 28 in 10 year-old children.
Differences in the values described in the studies mentioned above are likely to be due to diversities in the samples examined, especially regarding the age of the
children.
All asymptomatic subjects were able to position three
fingers (right and left), vertically aligned between the
upper and lower central incisors up to the first distal interphalangeal folds with the mouth maximally open. Only
37 subjects (36.3%) were able to position four fingers.
This outcome seems to validate the hypothesis of Zawawi,
et al.6 that the width of three fingers can be used for evaluation of normal MMO, although their survey was carried out on adults. In addition, Zawawi, et al.6 found that
the measurements of MMO and the width of three fingers
(left and right) were statistically similar, and this was not
confirmed in the present study on children. In fact, as
shown in Tables 1 and 2, and Figure 1, the values of
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Age
0.909*
0.241**
0.760*
1

R three
fingers
0.667*
0.225**
0.730*
0.604*
1

R four
fingers
0.738*
0.359**
0.756*
0.632*
0.611*
1

L three
fingers
0.724*
0.281**
0.797*
0.645*
0.807*
0.817*
1

L four
fingers
0.788*
0.307*
0.860*
0.710*
0.794*
0.882*
0.926*
1

MMO were statistically higher than the values of the
width of three fingers (right and left), 45.8±0.6, 39.0±0.3,
and 38.4±0.3 respectively. On the other hand, the values
of MMO were statistically lower than the values of the
width of four fingers (right and left), 45.8±0.6, 54.8±0.5
and 54.4±0.5, respectively.
Travell and Simons 9 suggest using the first three
knuckles (the index, middle, and ring fingers) of the nondominant hand to assess normal MMO, and since the
value of the width of three knuckles is higher than the
value of the width of three fingers, such an approach
would probably be more accurate according to the results
of this survey. It gives us an intermediate measurement
between the width of three and four fingers, as MMO
seems to be in children.
Another difference between this study and the one performed by Zawawi, et al.6 that is likely to be due to the
difference between adults and children, is that the percentage of subjects able to open wide enough to position
four fingers between the upper and lower incisors is much
higher: 36.3% (37 out of 102 subjects) versus 8.6% (12
out of 140 subjects). This characteristic may be related to
a generalized joint hypermobility that can be more prevalent in children, and the same feature would justify a
normal MMO in children that is greater than the width of
three fingers, as already discussed.
Age was certainly correlated with body height and
body weight, and this is also confirmed by the fact that
the width of all finger measurements increased with age.
In reality it would be expected that with increase of age,
also MMO would increase, in addition to body height and
body weight, but the results were significant with p<0.05
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but >0.01. This is in partial contradiction with the Hirsh
et al.,31 Cortese, et al.,34 Landtwig24 and Vandera25 studies, where MMO was found to be related to age. However,
as also stated by Landtwig,24 MMO increases significantly more with stature than with age. The reason is
probably that children’s growth is not continuous and
constant in years, but there are periods of rapid growth
and periods when the body grows more slowly. This is
why, as age increases, the size of every different part of
the body does not necessarily increase proportionally.
Therefore, it is reasonable that MMO is more strongly
correlated with body height and weight than with age.
Similar results are shown by Agerberg,26 who reports significant correlation between age and body height (but not
body weight) with p<0.05 but >0.01.
Another possible reason is the low number of children
included in each age category of this study that might
have reduced the significance of the results.
An added aspect confirming a positive correlation
between age and MMO is the fact that the mean value of
MMO, as well as the minimum and the maximum values
detected, are lower than the ones most frequently reported
in previous articles for male adults.6,8,10,13,15-17 They are
similar to the values reported for female adults, although
no gender difference for MMO was detected in this study
between boys and girls in concordance with other studies.25-27,34 Still a large overlap is present. The fact that
male and female children, both in this and other studies,2527,34 did not diverge for the measurements of MMO, differently from the results of studies on adults,6,8,10,13,15-17
suggests that such diversity develops later in life, probably due to a late growth of young men.
Only few reports describe gender difference in MMO
in children. 29-31 In agreement with this hypothesis,
Ingervall found that female 10-year old subjects showed
values of MMO similar to adult females; the same is not
true when comparing 10-year old children and male
adults.28
Nevertheless, MMO was correlated to height and
weight. Pearson correlation coefficient showed a positive
correlation of 0.27 between MMO and height, which is in
concordance with the findings of Landtwig,24 Vanderas,25
and Ingervall.28 The latter found a higher correlation of
0.45 for the children in his study. Both correlations are
not strong but consistent.
One limitation of this study is represented by the way
measurements of MMO were taken. In fact, the authors
decided to use landmarks marked on the soft tissues: nose
and chin. The advantage being that the incomplete eruption of the central incisors, not uncommon in children of
the ages five to seven years, could be ignored in those
subjects of that age included in the sample. Soft tissues
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are more mobile than teeth, which is why movements
during maximum mouth opening could have affected the
accuracy of the measurements. However, every attempt
was made to avoid displacements of the soft tissues
during the measuring procedure.
We could not avoid the bias due to incomplete eruption
of the central incisors in the assessment of the children’s
ability to position their fingers between the upper and
lower front teeth. Such an event might have altered the
accuracy of the results.
Conclusions
Since body height and weight correlate with MMO in
children, the use of a method of assessing MMO using a
tool that is proportional to the body size is advised as a
reliable and simple method.
The ability to position three fingers between the upper
and lower incisors with the mouth wide open is considered to be a simple method to quickly evaluate MMO, but
insufficiently accurate.
Acknowledgements
This study was supported by a grant from Saint Joseph
University, Lebanon.
References
1.

2.
3.

4.
5.

6.

7.
8.

9.

10.
11.
12.
13.

14.

Dworkin SF, LeResche LL: Research diagnostic criteria for temporomandibular disorders: criteria, examinations and specifications, critique.
J Craniomandib Dis Facial Oral Pain 1992; 6:301-355.
Friedman MH, Weisberg J: Application of orthopedic principles in evaluation
of the temporomandibular joint. Phys Ther 1982; 62:597-603.
Okeson JP: History and examination for temporomandibular disorders. In:
Okeson JP, ed. Management of temporomandibular disorders and occlusion. 4th ed. St. Louis: Mosby, 1998:234-309.
Ash MM: Current concepts in the aetiology, diagnosis and treatment of TMJ
and muscle dysfunction. J Oral Rehabil 1986; 13:1-20.
Dworkin SF, Huggins KH, LeResche L, Yon Korff M, Howard J, Truelove E,
Sommers E: Epidemiology of signs and symptoms in temporomandibular
disorders: clinical signs in cases and controls. J Am Dent Assoc 1990;
120:273-281.
Zawawi KH, AI-Badawi EA, Lobo Lobo S, Melis M, Mehta NR: An index
for the measurement of normal maximum mouth opening. J Can Dent
Assoc 2003; 69:736-740.
Posselt U: Studies in the mobility in the human mandible. Acta Odont Scand
1952; 10(suppl 10):123.
Travel1 JG: Temporomandibularjoin dysfunction. Temporomandibular joint
pain referred from muscles of the head and neck. J Prosthetic Dent 1960;
10:745-763.
Travell JG, Simons DG: Masseter muscle. “The trismus muscle.” In: Travell
JG, Simons DG, eds. Myofascial pain and dysfunction. The trigger point
manual. The upper extremities. Baltimore, MD: Williams & Wilkins,
1983:219-235.
Agerberg G: Maximal mandibular movements in young men and women.
Swed Dent J 1974; 67:81-100.
Braus H: Bewegungsapparat. 3rd ed. Berlin: Auflage, 1954.
Shore NA: Occlusal equilibration and temporomandibular joint dysfunction.
Philadelphia/Montreal: Lippincott, 1959.
Nevakari K: “Elapsio praearticularis” of the temporomandibular joint. A pantomographic of the so-called physiological subluxation. Acta Odontol
Scand 1960; 18:123-170.
Posselt U: The physiology of occlusion and rehabilitation. Oxford: Blackwell

THE JOURNAL OF CRANIOMANDIBULAR PRACTICE

5

NORMAL MAXIMUM MOUTH OPENING IN CHILDREN

15.
16.
17.
18.
19.
20.
21.
22.

23.
24.

25.

26.
27.

28.
29.

30.

31.

32.
33.

34.

6

Scientific Publication, 1962.
Rieder CE: Maximum mandibular opening in patients with and without a history of TMJ dysfunction. J Prosthet Dent 1978; 39:441-446.
Bosman A: Hinge axis determination of the mandible. Leiden: Stafleu &
Tholan, BV, 1974.
Solberg WK, Woo MW, Houston JB: Prevalence of mandibular dysfunction
in young adults. J Am Dent Assoc 1979; 98:25-34.
Gallagher C, Gallagher V, Whelton H, Cronin M: The normal range of mouth
opening in an Irish population. J Oral Rehab 2004; 31:110-116.
Sheppard IM, Sheppard S: Maximum incisal opening–a diagnosis index?
J Dent Med 1965; 20:13-15.
Posselt U: The physiology of occlusion and rehabilitation. 2nd ed. Philadelphia:
Davis Co.,1968.
Ingervall B: Variation of the range of movement of the mandible in relation
to facial morphology in young adults. Scand J Dent Res 1971; 79:133-140.
Rosenbaum M: The feasibility of a screening procedure regarding temporomandibular joint dysfunction. Oral Surg Oral Med Oral Pathol 1975;
39:382-389.
Szentpetery A: Clinical utility of mandibular movement ranges. J Orofac
Pain 1993; 7:163-168.
Landtwig K: Evaluation of the normal range of vertical mandibular opening
in children and adolescents with special reference to age and stature.
J Maxillofac Surg 1978; 6:157-62.
Vanderas AP: Mandibular movements and their relationship to age and body
height in children with or without clinical signs of craniomandibular dysfunction: Part IV. A comparative study. J Dent Child 1992; 59:338-341.
Agerberg G: Maximal mandibular movements in children. Acta Odontol
Scand 1974; 32:147-159.
Komiyama O, Arai M, Kawara M, Kobayashi K, De Laat A: Pain patterns
and mandibular dysfunction following experimental trapezius muscle pain.
J Orofac Pain 2005; 19:119-126.
Ingervall B: Range of movement of mandible in children. Scand J Dent Res
1970; 78:311-322.
Rothenberg LH: An analysis of maximum mandibular movements, craniofacial relationships and temporomandibular joint awareness in children.
Angle Orthod 1991; 61:103-112.
Keeling SD, McGorray S, Wheeler TT, King GJ: Risk factors associated with
temporomandibular joint sounds in children 6 to 12 years of age. Am J
Orthod Dentofac Orthop 1994; 105:279-287.
Hirsh C, John MT, Lautensclägher C, List T: Mandibular jaw movement
capacity in 10-17 year-old children and adolescents: normative values and
the influence of gender, age, and temporomandibular disorders. Eur J Oral
Sci 2006; 114:465-470.
Alamoudi N, Farsi N, Salako NO, Feteih R: Temporomandibular disorders
among school children. J Clin Pediatr Dent 1998; 22:323-329.
Muhtarogullary M, Demirel F, Saygili G: Temporomandibular disorders in
Turkish children with mixed and primary dentition: prevalence of signs and
symptoms. Turk J Pediatr 2004; 46:159-163.
Cortese SG, Oliver LM, Biondi AM: Determination of range of mandibular
movements in children without temporomandibular disorders.
J Craniomandib Pract 2007; 25:200-205.

THE JOURNAL OF CRANIOMANDIBULAR PRACTICE

ABOU-ATME ET AL.

Dr. Nada Chedid received her D.D.S. from the University of Saint
Joseph in Beirut (Lebanon) in 1988. She joined the Pediatric Department
at Boston University where she completed a Certificate of advanced
graduate studies (CAGS) in Pediatric Dentistry in 1990, and a master of
science in dentistry in 1992. Dr. Chedid is currently Chairman of the
Department of Pediatric Dentistry at the University of Saint Joseph in
Beirut (Lebanon).
Dr. Marcello Melis received his degree in pharmacy from the University
of Cagliari (Italy) in 1990, and his D.M.D. from the same university in
1998. He was a resident in the Gelb Orofacial Pain Center at Tufts
University, Boston, Massachusetts from 1998 to 2000, when he completed the Fellowship Program in temporomandibular disorders and
orofacial pain. Currently, he practices in Cagliari in the field of temporomandibular disorders and orofacial pain, and is an adjunct clinical
instructor in the Craniomandibular Pain Center at Tufts University. He
has been involved in several international research activities focusing on
temporomandibular disorders and orofacial pain.
Dr. Khalid H. Zawawi received his B.D.S. degree from
de’Montmorency College of Dentistry (Pakistan) and his D.Sc. in oral
biology and a certificate in orthodontics from Boston University. He
completed the fellowship in TMD and orofacial pain at Tufts University
School of Dental Medicine, Boston, Massachusetts. Dr. Zawawi has been
on the staff of the Faculty of Dentistry at King Abdulaziz University since
1993. He served as a research associate at the Craniofacial Pain Center
at Tufts University. Currently, he is a clinical instructor in orthodontics
at the Faculty of Dentistry of King Abdulaziz University in Jeddah (Saudi
Arabia).

JULY 2008, VOL. 26, NO. 3

