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Temporomandibular Joint Dysfunction
After Mandibular Fracture in Children

A 10-Year Review

Shelby C. Leuin, MD; Emily Frydendall, BA; Dexiang Gao, PhD; Kenny H. Chan, MD

Objectives: To collect demographic and clinical data
on pediatric mandibular fractures and to assess tempo-
romandibular joint (TM]) dysfunction in patients with
condylar and subcondylar (C/SC) fractures.

Design: Retrospective case series of pediatric mandibu-
lar fractures (1999-2009) with follow-up telephone ques-
tionnaire of patients with C/SC fractures. Collected data
included age, gender, unilateral vs bilateral C/SC frac-
ture, presence of concomitant fracture, velocity of in-
jury, and treatment modality.

Setting: Tertiary care children’s hospital.

Patients: Of 164 patients with mandibular fractures, 83
(50.6%) had C/SC fractures, of which 45 (54.2%) com-
pleted the questionnaire.

Main Outcome Measures: Helkimo Anamnestic
Dysfunction Index (A;) quantification of TM]J dysfunc-
tion after C/SC fracture and treatment modality of
C/SC fractures.

Results: Of the 164 patients, 122 (74.4%) were male (me-
dian age, 10.4 years; age range, 0.6-19.0 years). Of the 83
patients with C/SC fractures, 61 (73.5%) were male (me-
dian age, 9.1 years; age range, 1.1-18.7 years); 66 (79.5%)
had unilateral fractures and 17 (20.5%) had bilateral frac-
tures. The A; distribution of the 45 patients who com-
pleted the questionnaire was as follows: 15 (33.3%) none,
6 (13.3%) mild, and 24 (53.3%) severe. Females have more
severe dysfunction than do males (95% confidence inter-
val, 1.6-140.0; P=.02). No other significant predictors of
treatment modality or TMJ dysfunction were identified. Pa-
tients with bilateral fracture are 8.1 times (95% confi-
dence interval, 1.0-66.1 times; P=.05) more likely to have
closed reduction than are those with unilateral fracture.

Conclusions: This is one of the largest series of pediat-
ric C/SC fractures reported in the recent literature. Find-
ings are significant for increased severity of TMJ dys-
function in females and higher incidence of closed
reduction in patients with bilateral C/SC fracture.
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ACIAL FRACTURES ARE AN UN-
common occurrence in chil-
dren owing to differences in
the ratio between cranial and
facial volume in children vs

tant to consider is that the deciduous teeth
have short, bulbous crowns and are often
poor abutments for wires or arch bars,
making interdental immobilization sig-
nificantly more challenging in children
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adults. At birth, the ratio of cranial to facial
volume is approximately 8:1. By the comple-
tion of growth, this ratio decreases to 2.5:
1.2 As a result, young children are more
likely to sustain a skull fracture from fron-
tal impact, whereas adults are more likely
to develop facial fractures."* Despite the
lower incidence of facial fractures in chil-
dren, they do occur, and they account for
5% of all pediatric trauma.’?

Excluding nasal fractures, mandible
fractures account for approximately one-
third of all pediatric facial trauma.* How-
ever, the management of pediatric man-
dibular fractures should be considered
different from that of adults. In children,
one must consider the potential disrup-
tion of growth centers, especially when
managing condylar fractures. Also impor-

than in adults.” The placement of wire
through alveolar bone may damage devel-
oping permanent tooth follicles.®

CME available online at
www.jamaarchivescme.com
and questions on page 8

Although condylar and subcondylar
(C/SC) fracture of the mandible is the most
common fracture site in children, its treat-
ment remains controversial, and it poses
long-term functional sequelae. The opti-
mal management of C/SC fractures in chil-
dren has been the subject of debate
throughout the literature for many years.
It has been historically argued that con-
dylar fractures in children may be the only
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skeletal fracture in which no attempt to regain anatomic
reduction is necessary.® Options for treatment include
open reduction with intraosseous fixation and intermax-
illary fixation, closed reduction with immobilization using
intermaxillary fixation, and nonimmobilization with em-
phasis on early motion.°

There have been few long-term surveys of functional out-
come after condylar fractures in children, making a com-
parative assessment of optimal treatment all the more chal-
lenging. The goal of this study was to collect information
on all pediatric mandible fractures occurring at The Chil-
dren’s Hospital, Aurora, Colorado, during the past 10 years.
After identifying all patients who experienced C/SC frac-
tures, we administered a follow-up telephone question-
naire to assess the degree of temporomandibular joint (TM])
dysfunction and long-term functional outcome based on
demographic and clinical data.

- EEETEEES

After Colorado Multiple Institutional Review Board approval
was obtained, we performed a 10-year (1999-2009) retrospec-
tive medical record review of all pediatric patients treated for
a mandible fracture by members of the Department of Otolar-
yngology at The Children’s Hospital. Demographic and clini-
cal data collected about all the patients included age, gender,
date of fracture, presence of unilateral vs bilateral C/SC frac-
ture (termed laterality of fracture), presence of concomitant
fracture with C/SC fracture, mechanism and velocity of in-
jury, fracture location, type of management (medical or surgi-
cal), and date and type of surgical management, if applicable.

All the families in the C/SC fracture group were offered a
questionnaire to assess functional disabilities related to the TMJ.
The questionnaire was modeled after the 1993 questionnaire
of Nerholtet al” (Figure 1). Based on the response to the ques-
tionnaire, an Anamnestic Dysfunction Index (A;) score of O to
2 was assigned as described by Helkimo.*!'" An A, value of 0
(A,0) denotes no symptoms of dysfunction; A;1, mild symp-
toms of dysfunction (including joint sounds, stiffness, or fa-
tigue of the jaw); and A;2, severe symptoms (including lock-
ing, luxation, and joint pain).

To organize the disparate types of mandibular injuries seen
in this cohort, we modified the mechanism of injury catego-
ries described by Ferreira et al' into 3 types: low, medium, and
high velocity. Low-velocity injury includes a fall from ground
level. Medium-velocity injury includes bicycle accident, sport,
animal accident, assault, violence, and fall from a height above
ground level. High-velocity injury includes motor vehicle crash
(car, motorcycle, and all-terrain vehicle).

Fracture location was identified by reviewing hospital medi-
cal records, operative reports, and radiographic findings (a pan-
oramic tomogram [Panorex; SS White Co, Holmdel, New Jer-
sey] or computed tomography). The C/SC fractures were further
categorized into distinct types: unilateral, bilateral, and con-
comitant (defined as unilateral or bilateral C/SC fracture in con-
junction with an additional mandibular fracture site).

When age was used for comparison purposes, the classifi-
cation based on eruption of primary and secondary dentition
as described by Thorén et al'? was used. The classification breaks
down the age range into 5 groups: group 1 (0-5 years), group
2 (6-9 years), group 3 (10-12 years), group 4 (13-15 years),
and group 5 (16-18 years).

Summary statistics were used to describe patient demo-
graphic and clinical characteristics. Logistic regressions were used
to examine the potential association between the 2 outcome mea-

Telephone Questionnaire

Patient Name:
Parent Verbal Consent: Y N

Child Verbal Assent: Y N N/A

Please state the number that most closely represents your/your child’s opinion:

How would you describe your child’s ability to chew?
Poor 1 2 3 4 5 Good

How would you describe your child’s ability to open the mouth wide?
Poor 1 2 3 4 5 Good

Does your child experience sounds from the temporomandibular joints?
Right: Often 1 2 3 4 5 Never
Left: Often 1 2 3 4 5 Never

Does your child feel pain from the joints?
Right: Often 1 2 3 4 5 Never
Left: Often 1 2 3 4 5 Never

Does your child feel tired in the jaws?
Often 1 2 3 4 5 Never

Does locking of the joints occur?
Often 1 2 3 4 5 Never

Are you aware of any asymmetry of your child’s face?
Very Much 1 2 3 4 5 NotatAll

Has your child sustained any other facial fractures?
If yes, please describe what kind.

Has your child had orthodontic treatment after the fracture?
If yes, please describe what kind.

Figure 1. Telephone questionnaire administered to the study patients.

sures of A value and treatment modality compared with the fol-
lowing potential predictors: age, gender, treatment, velocity of in-
jury, laterality of fracture, concomitant mandible fracture, and time
from surgery to questionnaire completion. Univariate analysis was
performed first, and variables with P=.1 were entered into mul-
tivariate models to examine the association with the outcome while
adjusting for the other covariates.

B RESULTS

A total of 164 children were identified in the 10-year ret-
rospective review. The mean patient age was 10.3 years
(median age, 10.4 years; age range, 0.6-19.0 years). There
were 122 males and 42 females (2.90:1 ratio). The dis-
tribution of patients by injury type was 42, 93, and 27
for high-, medium-, and low-velocity injuries, respec-
tively. Two patients had an unknown mechanism of in-
jury. Distribution of patient characteristics is seen in the
Table. A total of 258 fractures were identified, and the
distribution of the fractures is depicted in Figure 2.
Eighty-three of 164 patients (50.6%) were identified
as having C/SC fractures. Their mean age was 8.9 years
(median age, 9.1 years; age range, 1.1-18.7 years). There
were 61 males and 22 females (2.77:1 ratio). The distri-
bution of patients by injury type was 15, 50, 17, and 1
for high-, medium-, low-, and unknown velocity inju-
ries, respectively. Sixty-six patients had unilateral C/SC
fractures and 17 had bilateral fractures. Concomitant frac-
tures occurred in 38 of the 83 patients with C/SC frac-
tures. Twenty-six of the patients were managed medi-
cally, which consisted of a soft diet, analgesics, and warm
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Table. Distribution of Patient Demographics

Variable

Patients With Mandibular Fractures

Al C/SC
(N=164) (n=83)

1
C/SC and Completed Questionnaire
(n=45)

Age, mean (median) [range], y
Gender

10.3 (10.4) [0.6-19.0] 8.9(9.1) [1.1-18.7]

9.9 (10.0) [1.1-18.7]

completion, mean (range), y

Male, No. 122 61 33

Female, No. 42 22 12

Ratio M/F 2.90:1 2.77:1 2.75:1
Laterality, No.

Unilateral NA 66 35

Bilateral NA 17 10

Concomitant NA 38 26
Velocity of injury, No.

High 42 15 9

Medium 93 50 28

Low 27 17 8

Unknown 2 1 0
Treatment, No.

Medical NA 26 13

Surgical NA 57 32
Time from surgery to questionnaire NA NA 3.72 (0.42-10.34)

Abbreviations: C/SC, condylar and subcondylar; NA, not applicable.

0 Coronoid

¥ - 52 (20.2)
g, process ~  Condyle
W . = 55 (21.3)
/_f " 24 (9.3) Subcondyler
9 (3.9) \ Ramus
Symphysis
/= 22(85) 25 (9.7)
(27.5) Body Angle
Parasymphyseal

Figure 2. Distribution of the 258 mandibular fractures by region. Data are
given as number (percentage). Adapted with permission from Encyclopedia
Britannica, 2007 Encyclopedia Britannica Inc.

compresses. Fifty-six patients underwent closed reduc-
tion with maxillomandibular fixation using ivy loops or
arch bars for an average of 25.7 days (range, 15-43 days).
One patient underwent an open surgical reduction
(Table).

The questionnaire was completed by 45 of the 83 pa-
tients (54.2%) with C/SC fractures. The demographic and
clinical characteristics of this subgroup were similar to
those of the total C/SC group (Table). The patient who
underwent open reduction did not complete the ques-
tionnaire and, therefore, was not included in this por-
tion of the data analysis. Therefore, this resulted in 2 treat-
ment groups: medical treatment vs closed reduction. An
A0 was found in 15 patients (33.3%), A1 in 6 (13.3%),
and A2 in 24 (53.3%).

Univariate logistic regressions were used to examine
the association of A; value with the following indepen-
dent variables: age, gender, laterality of fracture, pres-
ence of concomitant mandibular fracture, velocity of in-

jury, treatment, and time from surgery to questionnaire
completion. All the models met the proportional odds
assumption, that is, the regression functions are parallel
on the logistic scale for mild symptoms vs no symptoms
and for severe symptoms vs mild symptoms of dysfunc-
tion. The variables of age (P=.50), presence of concomi-
tant mandibular fracture (P=.88), velocity of injury
(P=.39), treatment (P=.36), and time from surgery to
questionnaire completion (P=.99) were not significant.
The variables of gender (P=.009) and laterality of frac-
ture (P=.05) had P<.1 and were, therefore, entered into
the multivariate logistic regression model. This showed
that gender is still significantly associated with the out-
come adjusting for the laterality of fracture (odds ratio
[OR], 15.0; 95% confidence interval [CI], 1.6-140.0;
P=.02), whereas laterality of fracture is no longer asso-
ciated with the outcome in the presence of the gender
effect (OR, 0.5; 95% CI, 0.10-1.97; P=.30). Compared
with males, females are 15 times more likely to show a
worse A, value for mild symptoms vs no symptoms and
for severe symptoms vs mild symptoms of dysfunction
(95% CI, 1.6-140.0; P=.02). In analyzing the A; distri-
bution by gender, findings included 15 males with A0,
5 males with A;1, and 13 males with A;2. This is com-
pared with 0 females with A0, 1 female with A;1, and 11
females with A;2. Therefore, 92% of females reported se-
vere TMJ dysfunction while 60% of males had either mild
or no TMJ dysfunction following C/SC fracture.

The association between treatment modality and po-
tential predictors, including age, gender, laterality of frac-
ture, presence of concomitant mandibular fracture, and
velocity of injury, was examined using logistic regres-
sion, where outcome was closed reduction vs medical
management. The single patient with open surgical re-
duction was deleted from the analyses, which were, thus,
performed using data from the 82 patients with C/SC frac-
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ture. The results are significant for laterality of fracture
(P=.04) and presence of concomitant fracture (P=.08)
but not for age (P=.15), gender (P=.37), or velocity of
injury (P=.28).

Laterality of fracture and presence of concomitant man-
dibular fracture were then entered into the multivariate
regression model. This showed that laterality of fracture
is still significantly associated with treatment modality
(OR, 8.1; 95% CI, 1.0-66.1; P=.05), whereas the pres-
ence of concomitant mandibular fracture is no longer as-
sociated with the outcome (OR, 2.1; 95% CI, 0.8-5.8;
P=.16). Patients with bilateral fracture are found to be
8.1 times (95% CI, 1.0-66.1; P=.05) more likely to have
closed reduction than are patients with a unilateral
fracture.

DR COMMENT

The management of pediatric C/SC fractures of the man-
dible has been a subject of debate for many decades. This
has been due, in part, to the lack of implementation of a
standardized, systematic method for assessing their func-
tional outcomes. Multiple studies published in the past
decade have sought to address these issues.

Norholt et al” examined 55 pediatric patients who were
medically treated for a fracture of the mandibular con-
dyle and created a questionnaire to measure their func-
tional outcome. He found that in younger children, a con-
servative treatment strategy is preferable, whereas older
children had an often unsatisfactory outcome. A report
of 26 condylar fractures by Thorén et al'* concluded that
no benefit was gained by maxillomandibular fixation and
that a soft diet and immediate mobilization is the treat-
ment of choice. Choi et al"® reviewed a series of 11 con-
secutive children and adolescents with condylar frac-
tures who had been treated with conservative therapy.
They concluded that nonsurgical management of con-
dylar fractures in children results in a satisfactory long-
term outcome despite abnormal radiographic findings.
Deleyiannis et al'* reviewed 6 children 14 years or younger
with a C/SC fracture who underwent open reduction with
internal fixation. These patients were found to have out-
comes similar to those of patients managed nonsurgi-
cally, and they concluded that until there is a distinct ad-
vantage to open surgery, these patients should be managed
medically as a first-line treatment.

The present study provides the first large-scale re-
view of pediatric mandible fractures in the past 10 years
that collected demographic data on the entire popula-
tion and provided data regarding TMJ dysfunction based
on a follow-up questionnaire. The reported incidence of
condylar fracture varies widely in the literature
(19%-62%)."* Most studies"*”!'1>1¢ have found an inci-
dence of 19% to 50%. The preponderance of C/SC frac-
tures in this series (50.6% of all patients and 41.4% of
all fractures) is, therefore, at the high end or slightly higher
than the incidence quoted in most other studies.

Regarding the outcome measure A;, we noted a new
finding of increased reported TMJ dysfunction in fe-
males compared with males. Multivariate analysis showed
that this gender difference is not confounded by age, lat-

erality, presence of concomitant fracture, velocity of in-
jury, or treatment modality. These findings are in dis-
agreement with studies in the literature that TM]J
dysfunction correlates with increasing age. We did not
see evidence of increased dysfunction with age in this pa-
tient population. The increased incidence of closed re-
duction treatment in the presence of bilateral fractures
is an expected finding. The presence of a bilateral frac-
ture would increase the likelihood of malocclusion or un-
stable fracture, requiring rigid fixation. In accordance with
most previous studies, we did not demonstrate an im-
proved outcome with surgical management of C/SC frac-
ture compared with medical management.

The dreaded complication of a condylar fracture is the
development of TM]J ankylosis with or without growth
retardation, which is reported to occur in 1% to 7% of
condylar fractures.*> Ankylosis of the TM] is more likely
to occur in children with bilateral condylar fractures, in
children aged 2 to 5 years, if treatment is delayed, or if
maxillomandibular fixation is prolonged.* To our knowl-
edge, none of the 45 questionnaire respondents had this
complication. Yet, 53% of the respondents reported sig-
nificant TMJ complaints (A;2). This underscores that C/SC
fractures in children have long-term consequences re-
gardless of treatment strategies.

This study identified gender as a statistically signifi-
cant factor in the outcome of TM]J function after C/SC
fracture, a finding that has not been reported in previ-
ous literature, to our knowledge. A previous population-
based epidemiologic study of adults by LeResche!” found
that TM]J dysfunction is a disorder of adults and is less
seen in children. He also found that TM]J pain and crepi-
tus in the joint was universally found to appear about twice
as frequently in women as in men. He did not find these
gender differences to be present in children, however.
When investigating possible etiologic factors, it was noted
that life stress, depression, and the presence of multiple
somatic symptoms are often found to be risk factors for
TM]J pain, and these tend also to be reported more fre-
quently in women. Female reproductive hormones have
also been implicated in joint pain and pain syndromes,
whereas testosterone in males may help attenuate pain
symptoms.'® However, this would be less relevant in the
pediatric population. Further investigation is warranted
to determine whether other factors contribute to the in-
creased level of dysfunction reported in female pediat-
ric patients vs males in the present study.

The major limitations of this study rest in the intrin-
sic weakness of a retrospective review and in the reli-
ance on an unvalidated instrument for the follow-up ques-
tionnaire. Yet, one has to recognize that a randomized
clinical trial for the treatment of C/SC fractures is ethi-
cally and logistically difficult to accomplish. Further-
more, the internal and external validity of any TM]J dys-
function instrument is difficult to establish owing to the
relative infrequency of this entity, as shown in the slow
accrual of patients in this and other studies. Despite the
retrospective nature of this study, closed reduction was
found to be more likely to occur in children with bilat-
eral C/SC fractures at The Children’s Hospital. Other fac-
tors, such as age, gender, presence of concomitant frac-
ture, and velocity of injury, do not play a significant role
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in the surgical decision. In conclusion, this study repre-
sents one of the largest series of pediatric C/SC fractures
to be reported in the recent literature. It combines a 10-
year retrospective review of pediatric mandibular frac-
tures with the collection of follow-up data regarding TM]
dysfunction. Increased reporting of TMJ dysfunction in
females, although not thoroughly understood, stands out
as the most significant finding of the study. Further study
is warranted to determine whether there are other po-
tential predictors of TMJ dysfunction that could then help
guide management.
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