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Abstract

S Obamiyi, S Malik1, Z Wang, S Singh, EP Rossouw1, L Fishman1, C Feng2, D Michelogiannakis3, RH Tallents

Context: Various radiographic features have been associated with
temporomandibular joint disorders (TMDs); however, these characteristics have
not been compared among different racial groups. Aims: To radiographically
evaluate and compare craniofacial patterns and condylar findings suggestive
of TMD among African, White, Chinese, Hispanic, and Indian racial groups.
Settings and Design: This multicenter retrospective study used data from
three private orthodontic practices and a University Orthodontic Clinic.
Subjects and Methods: Panoramic and lateral cephalometric radiographs
were collected from 250 subjects who were equally divided into five racial
groups: Africans, Whites, Chinese, Hispanics, and Indians. All radiographs were
initial records from patients seeking orthodontic treatment. Linear and angular
cephalometric measurements were used to evaluate and compare cephalometric
characteristics associated with TMD among groups. Panoramic radiographs were
analyzed to compare the presence of condylar abnormalities and antegonial
notching among groups. Statistical Analysis Used: One‑way analysis of variance,
followed by Tukey’s test. Results: African and Chinese groups had the smallest
mean cranial base measurements, while the Indians had the largest. The mean
Y‑axis value was significantly larger in the Chinese group compared with the other
groups. Increased mandibular plane angles were seen in the Chinese and African
patients, compared with subjects from other groups. The mean percentage of
condylar anomalies was higher in the Chinese subjects compared with all other
groups. Conclusions: Chinese patients presented with more radiographic features
suggestive of TMD, whereas the Indians showed the least, compared with subjects
from the White, Black, and Hispanic racial groups.
Keywords: Craniofacial patterns, ethnicities, races, temporomandibular joint
disorders

Introduction

T

he Diagnostic Criteria for Temporomandibular
Disorders (DC/TMD) for Clinical and Research
Applications, as recommended by the International RDC/
TMD Consortium Network and Orofacial Pain Special
Interest Group, provided a widely accepted taxonomic
classification of temporomandibular disorders which
include temporomandibular joint disorders (TMDs),
masticatory muscle disorders, and headache attributed
to TMD and associated structures.[1] TMDs encompass
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disc displacement disorders, degenerative joint disease,
and subluxation.[1] The DC/TMD further subclassified
osteoarthrosis and osteoarthritis under the broader
term degenerative joint disease (DJD), a term which
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is also endorsed by the American Association of Oral
and Maxillofacial Surgeons.[2] Moreover, Katzberg
et al. demonstrated the localized association between
disc displacement and DJD of the temporomandibular
joint.[3] Several other studies have also suggested that
disc displacement without reduction may progress to
osteoarthritis of the temporomandibular joint (TMJ).[4‑7]
Even though the prevalence of signs and symptoms
of TMD increases with age, the reported prevalence
of internal derangements is similar in both adults and
children. These figures vary widely in the literature,
ranging from 4% to 34% in infants, children, and
adolescents,[8‑13] and 0% to 32% in adults.[14‑16] Tallents
et al. have suggested that this striking observation may
indicate the potential for joint remodeling to start at a
young age.[17] It is pertinent to mention that most of these
epidemiological studies were done in North America and
Europe with predominantly White patients. Interestingly,
the US Center for Disease Control reports that arthritis
affects racial/ethnic populations disproportionately in
the United States.[18] It is speculated that a similar trend
might be observed regarding TMJ osteoarthritis.
Several authors have indicated that internal
derangements of the TMJ can manifest as an altered
craniofacial structure.[19‑21] Cephalometric variables have
shown significant differences in the craniofacial pattern
of individuals with TMD including disc displacements
and DJD when compared with controls.[22‑26] The aim of
the present retrospective study was to radiographically
evaluate and compare craniofacial patterns and condylar
findings suggestive of TMD among African, White,
Chinese, Hispanic, and Indian racial groups.

Subjects and Methods
This was a retrospective analysis of panoramic and
cephalometric radiographs of patients who were seeking
orthodontic treatment. This study was approved by the
Office for Human Subject Protection, Research Review
Board of University of Rochester, New York, USA.
Radiographs were collected from 250 subjects who were
equally divided into five racial groups: Africans, Whites,
Chinese, Hispanics, and Indians. Specifically, the
radiographs for the African, Chinese, and Indian groups
were collected from private orthodontic practices in
Lagos (Nigeria), Wuhan (China), and Hyderabad (India),
respectively, whereas radiographs for the Hispanic
and White groups were obtained from the University
Orthodontic Clinic at Eastman Institute for Oral Health,
University of Rochester, Rochester (USA). Formal
written agreements were provided by the private dental
providers from Nigeria, China, and India to use their
records for the purposes of our study. The records were
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collected without any identifiers (name, date of birth,
chart number, etc.) via encrypted and password‑protected
thumbdrives. Subjects in the different racial groups were
matched by age and gender to ensure comparability.
Inclusion criteria

Initial panoramic and cephalometric radiographs were
obtained from subjects aged 12–20 years. All subjects
pursued orthodontic treatment in the aforementioned
clinical settings between 1/1/2010 and 1/1/2015.
The decision to study a pre‑orthodontic sample was
predicated on the higher prevalence of disc displacement
in patients seeking orthodontic treatment (45%),[27]
compared with a random sample (30%–34%).[8,16]
Exclusion criteria

Patients with systemic diseases, such as rheumatoid
arthritis, lupus, spondyloarthritis, and psoriasis were
excluded. Patients with fixed prosthesis (implants or
fixed partial dentures or habit breaking appliances) were
also excluded from this study.
Null hypothesis

There are no statistically significant differences in the
cephalometric characteristics and in the presence of
condylar findings suggestive of TMD among the five
racial groups.
Cephalometric measurements

Table 1 describes the cephalometric landmarks and
reference lines that were used. Angular and linear
cephalometric measurements were performed to
assess the cranial base length, the anteroposterior jaw
relationship and the vertical relationship among the five
racial groups [Figure 1].
Panoramic measurements

Panoramic radiographs were analyzed for condylar
pathology and antegonial notching [Figure 2].
Statistical methods

One‑way analysis of variance (ANOVA) was used to
compare the mean values of each measurement among
five groups. Tukey’s multiple comparison procedure
was used for the pairwise comparisons. The significance
level was set at 0.05. All statistical analyses were
implemented with SAS 9.4 software (SAS Institute Inc.,
Cary, NC).
Error of measurements

All cephalometric radiographs were traced by a
calibrated orthodontist (SM) and then retraced by the
same examiner 2 weeks later. The mean of the two values
was taken for each of the cephalometric measurements.
The panoramic radiographs were evaluated for the
presence of condylar pathology and antegonial notching
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by three postdoctoral fellows in the Orofacial Pain/TMD
Program at the University of Rochester (SS, SO, ZW),
independently. Any disagreements were resolved via
discussion.

Results
Cephalometric analysis

Table 2 summarizes the mean cephalometric values
for all five racial groups under three major categories:
cranial base measurements, anteroposterior jaw
relationship measurements, and vertical relationship
measurements. For each variable, one‑way ANOVA
was used to compare the difference among five groups.

Tukey’s multiple comparison test was used to compare
the difference between any two groups.
Cranial base

The mean S‑N and S‑Ba measurements were found to
be smallest in the African group, second smallest in the
Chinese group, and largest among the Indian patients.
Tukey’s pairwise comparison showed significant
differences in the mean S‑N values between each of the
groups, except between Hispanics and Whites, where
the difference was not significant. There were also
significant differences in the mean S‑Ba values between
Africans and the other racial groups, with the smallest
mean value found in Africans, and the largest in Indians.
The mean S‑Ba values were significantly different
between the Chinese and Indian groups (P = 0.0001).
Anteroposterior jaw relationship

There were significant differences in the mean SNA
angles between Africans and Whites, Chinese and
Indians, and Chinese and Whites. The Chinese group
had the largest mean SNA value, whereas Whites had

Figure 1: Cephalometric landmarks. Sella turcica (S) N; nasion (Na);
basion (Ba); porion (Po); orbitale (Or); articulare (Ar); anterior nasal
spine; posterior nasal spine; subnasale (A); lower 1 incisal (L1);
upper 1 incisal (U1); supramental (B); pogonion (Pog); menton (Me);
gonion (Go); gnathion (Gn)

Landmark symbol
Cranial base
S‑N

Table 1: Landmarks and reference lines for the cephalometric measurements

S‑Ba
Anteroposterior jaw relationship
S‑N‑A

Landmark name

Description

Sella‑Nasion

Anterior cranial base length: The linear distance between sella turcica (S)
tableand anterior point of the frontonasal suture (N)
Posterior cranial base length: The linear distance between sella turcica (S)
and basion (Ba)

Sella‑Basion
Sella‑Nasion‑A‑point angle

S‑N‑B

Sella‑Nasion‑B‑point angle

A‑N‑B

A‑point‑Nasion‑B‑Point
angle
Maxillary length

ANS‑PNS
Vertical relationship
FH to MP
Y‑axis

Figure 2: Panoramic parameters

Mandibular plane angle

Sella Gnathion to Frankfort
Horizontal Plane angle
ANS=Anterior nasal spine; PNS=Posterior nasal spine

Anteroposterior position of the maxillary base (A‑point) relative to the
anterior cranial base (SN)
Anteroposterior position of the mandibular base (B‑point) relative to the
anterior cranial base (SN)
The difference between SNA and SNB angles, representing the
anteroposterior relationship of the jaws relative to each other
The linear distance between ANS and PNS
The angle formed between a plane tangent to the lower border of the body
of the mandible (through gnathion) and the Frankfort Horizontal plane
The angle formed between a plane passing through Sella and Gnathion
and the Frankfort Horizontal plane
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Cephalometric measurements

Table 2: Cephalometric measurements for each racial group
Africans

Chinese

Cranial base
S‑N
60.38±8.36
66.42±4.01
S‑Ba
39.84±5.36
48.52±4.33
Anteroposterior jaw relationship
S‑N‑A
85.04±4.80
86.34±7.44
S‑N‑B
80.88±5.65
85.24±9.98
A‑N‑B
5.04±2.98
4.06±2.56
ANS‑PNS
47.06±6.73
51.39±3.48
Vertical relationship
FH to MP
27.24±6.68
27.65±5.19
Y‑axis
58.22±4.98
62.13±3.64
SD=Standard deviation; ANS=anterior nasal spine; PNS=Posterior nasal spine

Table 3: Antegonial notching and condylar anomalies
among groups

Racial groups Antegonial notching (%) Condylar anomaly (%)
Africans
60
36.4
Chinese
58
46
Hispanics
60
14
Indians
34
36
Whites
34
34

the lowest compared with the other groups. One‑way
ANOVA was significant for the mean SNB values, with
significant differences found between Chinese and every
other group. Similar to the SNA value, the largest mean
SNB value was seen in the Chinese group, whereas
the lowest was found in White patients. There were no
significant differences in the mean ANB values between
groups. The mean palatal plane length (ANS‑PNS) was
highest in Indians and lowest in the African and Chinese
groups. Significant differences in the mean palatal length
were found between Africans and every other group, as
well as between Chinese and every other group.
Vertical relationship

The mean mandibular plane angle (FH to MP) was found
to be highest in the African and Chinese groups, whereas
it was lowest in the Indian group. There were significant
differences in the mean mandibular plane angles between
Indians and the other groups (except Whites). Significant
differences were reported in the mean Y‑axis values
between the Chinese and every other group, with the
Chinese group showing the largest value.
Panoramic radiograph analysis

A summary of an analysis of the panoramic radiographs
is presented in Table 3. In the African group, 60%
of the patients had antegonial notching on either or
both sides of the mandible and 36% of them showed
condylar anomalies (flattening, irregularity, osteophytes)
1498

Mean±SD
Hispanics

Indians

Whites

74.82±4.39
50.68±4.50

78.70±4.39
52.86±4.29

74.98±4.96
50.22±5.86

84.20±5.23
80.86±5.08
3.84±2.51
58.54±4.28

82.34±4.59
80.12±5.96
4.30±2.91
60.34±4.22

81.45±5.01
78.10±4.64
3.78±3.31
58.81±3.71

26.18±8.59
58.13±4.09

20.42±6.04
57.00±4.79

23.80±7.76
58.59±5.64

in at least one condyle. In the Chinese group, 58%
of the subjects had antegonial notching, with 46%
of them showing abnormal condyles. Although 60% of
Hispanics had antegonial notching, only 14% exhibited
condylar anomalies. Regarding the Indian patients,
34% had antegonial notching, whereas 36% of them
had abnormalities in at least one condyle. In the White
group, 34% of the patients had both antegonial notching
and condylar abnormalities.

Discussion
A relationship between disc displacement and facial
growth has been suggested by several authors.[5,17,28]
Schellas et al. proposed that in the growing facial
skeleton, internal derangement of the TMJ may retard
or arrest condylar growth, ultimately resulting in
mandibular deficiency or asymmetry.[28] In addition,
Brand et al. found significantly shorter maxillary and
mandibular lengths in patients with disc displacement
when compared with individuals with normal
TMJs.[29] Moreover, an association between internal
TMJ derangement and craniofacial morphology has
been reported; however, a cause and effect relationship
could not be established.[30] Although various
radiographic features have been associated with TMD,
these characteristics have not been evaluated among
different racial groups. This multicenter retrospective
study evaluated and compared craniofacial patterns and
condylar findings suggestive of TMD between African,
White, Chinese, Hispanic, and Indian racial groups. It
was hypothesized that racial differences might exist in
the presence of radiographic characteristics suggestive
of TMD among the five groups. The present findings
support the latter hypothesis.
Previous studies have demonstrated that cranial base
length in patients with TMD is smaller compared
with a control group. Both shorter anterior (SN) and
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total (Ba‑Na) cranial base lengths have been reported in
TMD patients.[22,24] Moreover, a shorter posterior cranial
base length has been reported in patients with TMJ disc
displacement.[29] In our study, the African and Chinese
groups had the smallest cranial base measurements,
whereas the Indians had the largest.
The mandibular denture base has been noted to be
retruded in TMD patients, as demonstrated by a smaller
SNB angle,[24] and an increased overjet.[22] Furthermore,
Stringert and Worms have reported an increased ANB
angle in TMD patients,[25] which agrees with the fact
that the mandible tends to be more retrognathic in TMD
patients compared with controls. In this study, White
subjects had the smallest mean SNB value compared
with all other racial groups.
Steep mandibular plane angles (MP to FH) have been
reported in TMD patients.[22,23] The steepness of this
angle results in a hyperdivergent relationship of the
maxillo‑mandibular skeleton and an increased lower
anterior facial height.[17] It has been suggested that
this hyperdivergent profile may be a result of the
downward and backward rotation of the mandible as
the condyle shortens due to arthritic changes.[17] In our
study, the African and Chinese groups had the highest
mandibular plane angles. In addition, Gidarakou and
coinvestigators reported a more vertical Y‑axis in a
TMD sample compared with a control group.[22] In
this study, a significantly larger mean Y‑axis value was
found in the Chinese group compared with the other
racial groups.
Panoramic radiographs are an important screening tool
for observing condylar pathology. Antegonial notching is
commonly observed with ipsilateral TMJ derangements
and regressive condylar remodeling changes.[28] In our
study, the presence of antegonial notching was higher in
Africans, Chinese, and Hispanics (approximately 60%)
when compared with Whites and Indians (34%). Moreover,
condylar changes indicative of pathology on a panoramic
radiograph include condyle flattening, osteophyte
formation, and/or vertical ramus asymmetry.[5,17,31,32]
In this study, condylar anomalies were observed in all
racial groups; however, racial differences were identified
in the percentage of patients presenting condylar
findings [Table 3]. Considering the high prevalence
of disc displacement in infants, children, and
adolescents (4%‑34%),[8‑13] and even the higher prevalence
in a preorthodontic sample (45%),[27] these percentages are
not surprising. Nonetheless, the percentage of subjects with
condylar anomalies in the Chinese group (46%) was found
to be notably high, which might suggest an increased risk
of developing TMD in Chinese patients.

It is pertinent to mention that due to the low reliability
of two‑dimensional imaging in detecting condylar
anomalies, results obtained from panoramic radiographs
should be interpreted with caution.[33] Future prospective
studies are needed to evaluate condylar anomalies in
different races with the use of cone beam computed
tomography and/or magnetic resonance imaging to
minimize diagnostic errors. Nonetheless, in a clinical
setting, such as an orthodontic clinic, panoramic and
lateral cephalometric radiographs are routine diagnostic
procedures. Therefore, careful evaluation for the
presence of radiographic features associated with TMD
in these radiographs may reveal the need for further
diagnostic testing and assist in early detection of TMD.
Furthermore, thorough radiographic assessment in
different racial groups may help identify populations
with an increased risk of developing TMD and
appropriately delegate healthcare funds.

Conclusions
It is concluded that patients from the Chinese group,
and to a lesser extent from the African group, presented
with more radiographic features suggestive of TMD
compared with the other racial groups. Patients from
the Indian group showed the least radiographic features
associated with TMD among the racial groups included
in this study. This conclusion cannot be construed as a
direct attribution of risk or predilection of TMD in any
specific race. Instead, it highlights the need for future
studies to consider racial differences in the study of
potential risk factors of TMD.
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