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Vertical growth pattern as a determinant
of mandibular asymmetry

Maria Habib', Tabassum Ahsan?,
Omair Majeed’, Faisal Faheem*

ABSTRACT

Objectives: To determine normal mandibular linear values in three vertical groups, to compare right and
left side to highlight a prevalent pattern towards mandibular asymettry.

Methods: This is a descriptive cross sectional study in which pre-orthodontic treatment panoramic
radiographs and lateral cephalograms of 224 patients (between 18 to 34 years) undergoing treatment
in Orthodontic Department of Bahria University Medical and Dental College were used and traced on
an acetate sheet. There were 74 patients in high angle,76 and 78 in low angle and normal angle group
respectively based on their vertical growth pattern using SNMP angle. Condylar height (CH) and Ramal
height (RH), and condylar plus ramal height (CH+RH) measurements were done as previously described
by Habets.

Results: There was no statistically significant difference between the three groups as determined by one
way ANOVA. Condylar height and Gonial angle showed statistically significant difference when right and left
side was compared, with increased values on the right side.

Conclusion: There was no statistically significant difference in condylar, ramal, and total asymmetry index
between different vertical groups. Between the right and left sides, condylar height and gonial angles were
significantly increased on the right side. However, Ramal height showed no significant difference. Ramal
index has a strong linear correlation with total asymmetry index.
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INTRODUCTION texts! that even those faces that are considered
pleasing, do end up showing some degree of
asymmetry. Therefore asymmetry is considered
and classified only when there is a substantial
difference between the two sides of the face
that is quantifiable by a clinician.? However

due to the subjectivity of the facial esthetics, the

Symmetry is a theoretically ideal concept and it
is now widely accepted from recent and classical
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threshold for clinical significance is not easily
determined and therefore is dependent on the
area of asymmetry, patient’s perception of the
mis-proportion, clinician’s sense of balance, or the
acceptable cultural norms of a particular ethnic
group.? Wolford proposed a few etiologies for
non-pathological asymmetry that include genetics,
intra uterine molding, natural growth variation
and environmental factors.?
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As far as growth and development are concerned,
mandible is considered a separate entity in the
craniofacial complex.* Condyle being a growth
center and having the highest growth potential in
mandible, has the most effect on its growth pattern.
Therefore, the shape and volume of condyle is
a significant diagnostic variable of mandibular
asymmetry. Studies have shown that age, gender,
TM] anatomy and occlusal forces, influence the
morphology of condyle and therefore indirectly
its growth.> Ramus’ height also has an indirect
contribution to mandibular asymmetry.® Vertical
growth pattern is determined by factors that are
grossly divided into skeletal and dento-alveolar.
There are three basic types of skeletal vertical
growth patterns hyperdivergent, hypodivergent
and normodivergent. SN-MP, FH-MP and MMA
values on cephalomteric analysis are generally used
to categorize the patients into these patterns.

Studies haven’t shown statistically significant
variation of mandibular asymmetry between
genders,” yet variability has been found when
comparing in vertical and sagittal malocclusions.”
Various indexes have been routinely used to
find vertical mandibular asymmetry based on
panoramic radiographs, cephalograms (lateral and
posterior-anterior), Computed Tomograms (CT)
and Cone Beam Computed Tomography (CBCT)
analysis.®*°

Panoramic radiograph has been widely used for
diagnosing mandibular asymmetry."'> Habet et
al® gave a method to evaluate mandibular vertical
asymmetry by measuring right and left condylar
and ramal heights on panoramic radiographs.
Later this method was used to asses mandibular
asymmetry in temporomandibular joint disorders,™
posterior cross bites,”” sagittal malocclusions,”
unilateral and bilateral molar extractions'® and cleft
lip and palate cases."”

Since panoramic radiograph is conveniently
available for orthodontic patients and it has a sound
validity in diagnosing mandibular asymmetry, the
present study used this for finding the correlation
between vertical pattern and mandibular
asymmetry. A significant association in this regard
might render CBCT analysis, solely for this purpose,
an unnecessary radiation exposure. CBCT has been
used in many of the previous studies mentioned
above, but in third world countries where there is
insufficient access to these modalities our study will
benefit in not only the diagnosis of the asymmetry
but also in identifying what might be normal for
our population.
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METHODS

This study had a descriptive cross-sectional
design. Pre-orthodontic treatment panoramic
radiographs and lateral cephalograms of 224
patients (between 18 to 34 years) undergoing
orthodontic treatment in the department of Bahria
University Medical and Dental College were used
for sample collection. Informed consent regarding
future use of records for study purpose was taken
at the time of beginning treatment. There were 74
patients in high angle, 76 and 78 in low angle and
normal angle group respectively based on their
vertical growth pattern using SNMP angle (high
angle 238°, Low angle <26°, normal angle group
26-38°).57
Sample size calculation: Sample size was
determined by using software G Power version
3.1.9.2 for windows. For calculating sample size
for mandibular asymmetry, vertical growth
patterns was classified into three groups. We
used F-test repeated measures ANOVA with 95%
confidence interval and 5% margin of error. The
required sample was found to be 189 in total and
63 in each group.

Exclusion criteria: Patients with a history of
orthodontic treatment, having TM] disorders or
any craniofacial syndrome were excluded from
the study.A single digital machine by Durr Dental
(Model type -Vista Pano, Model No DG-07C11T2,
Power input 200-240 v, 50-60 Hz, 2.2KVa Max.)
was used to take all OPGs Radiographs were

Fig.1: Showing the variables measured on the OPG.
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done by a technician who followed the standard
patient positioning protocols. The tracings were
done by a single calibrated examiner on an acetate
sheet for all the patients, using a digital caliper
with 0.1mm sensitivity. The readings were taken
for both the right and left sides. A line connecting
the most lateral point of the condyle (O1) and the
ascending ramus (O2) was drawn and mentioned
as “A’. Ramus height was the distance between the
points O1 and O2, and called ‘RH’. Line ‘B” was
drawn perpendicular to line “A’, touching the most
superior part of the condyle. The vertical distance
from this line till O1 was measured and named the
condylar height, “CH’. To reduce intra operator
bias, 5 cases were randomly retraced to calculate
the readings, the Kappa Statistics was found to
be 0.67 indicating good agreement. Gonial angle
(G.A) was taken between line A and tangent to
lower border.

A separate examiner did the asymmetry
analysis who was unaware of the patients growth
pattern to ensure blindness. Condylar height(CH)
and Ramal height (RH), and condylar plus ramal
height (CH+RH) measurements were done as
previously described by Habets et al,”® and widely
used as Habets method. The vertical indexes were
calculated using the following formula:

Based on the Al value for each patient the results
were classified into four categories of asymmetry:
not significant (NS) asymmetry, when Al was
between 0 and 2.99%; light (L), when Al was
between 3 and 5 %; moderate (M), when the index
was greater than 5 %, but less than or equal to 10
%; and severe (S), when Al was more than 10 %.®
Statistical analysis: SPSS version 23 software
package of windows was used with p<0.05
considered statistically significant. Shapiro-Wilks
test was used to ensure normal distribution.

Intra examiner reliability calculated using kappa
analysis was moderate (0.67).One way ANOVA
was used to compare indexes CAI, RAI, CRAI
between vertical groups (high, low and normal
angle).

A student t-test was used to compare right
and left linear (CH, RH, CRH) and angular (G.A)
measurement of mandible to find out a prevalent
pattern of asymmetry. Pearson-correlation was
used to find out the effect of condylar index and
ramal index on total asymmetry index.

Ethical approval: Ethical approval was taken from
the Ethical Review Committee of Bahria University
Medical and Dental College (ERC 27/2021).

RESULTS

Our sample had a total of 228 patients, having
a mean condylar asymmetry index value of 4.9%
and ramus asymmetry index of 0.04%. The mean
values of the condylar and ramal asymmetry index
for high angle, low angle and normal angle cases
is shown in Table-I. The values indicated that
the low angle group showed moderate severity
while the high and normal angle groups showed
light asymmetry index. The ramal index and
total (C+R) index show no significant asymmetry
according to the criteria given by Ramirez at al.'®

Gonial angle represented the vertical growth
pattern in its classic form, hight gonial angle in
high angle cases and vice versa.There was no
statistically significant difference between the
three groups as determined by one way ANOVA
(Table-I). Condylar height and gonial angle
showed statistically significant difference when
right and left side was compared, with increased
values on the right side (Table-II).

Pearson correlation showed a positive linear
correlation of both condylar and ramal asymmetry
index with total asymmetry index. Ramal index
being more strongly correlated than condylar
index as shown by scattergraph (Fig.2).

Table-I: One-Way Anova to compare indexes between groups with significant p value>0.05.

High Angle Low Angle Normal Angle
(n=74) (n=76) n=78)
p- value
Mean £SD
Condylar Assymetry Index (CAI) 3.77 £7.41 6.22 + 6.54 48+2.6 0.62
Ramal Assymetry Index (RAI) 0.2+5.86 -0.39 £ 4.61 0.06 +3.7 0.72
Condylar and Ramal Assymetry Index (CRAI) 0.62+49 0.21+£3.5 0.63£3.11 0.75

Pak J Med Sci

May - June 2022 Vol. 38 No.5

www.pjms.org.pk 1306



Maria Habib et al.

Table-II: Paired sample t test between right and left sides with significant p value>0.05.

Right Left
n=228 n=228
p-value
Mean £5D

Condylar and Ramal Height (CRH) 524+59 520+64 0.20
Condylar Height (CH) 8.14+24 725+23 0.00*
Ramal Height (RH) 443 +£5.6 47259 0.93
Gonial Angle (GA) 124.6£82 123.6£7.7 0.01*

F? Linear = 0.101
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Fig.2: Scatter graph showing strength of correlation between RAI and CRAL

DISCUSSION

Panoramic radiograph was used in this study
to reinforce maximum utilization of routinely
available radiographs and also for providing
bilateral information. This study generates linear
measurement of right and left sides of condyle
and ramus, and calculates an index between them
according to Habets.”? Another index Kjellbergs
is also used using the same measurements but
slightly different formula. CH is more precisely
measured in Kjellbergs taken from the head
of the condyle to the depth of the mandibular
notch, when compared with Habets.!! However
simplicity of measurement and analyses was the
reason Habets was used in this study .

Out of the 228 cases in our study, 35(15%) cases
had CRAI more than 3% showing asymmetry.
The original Habets' study showed a 15 out of
92(16%) cases having more than 3% CRAIL Our
results did not show a statistically significant
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difference between asymmetry indexes of the
three vertical groups against the assumption
that high angle cases are more associated with
asymmetry due to their pronounced gonial angles
and more growth at the condyle."® This result
was however in agreement with Sofyanti et al
who conducted a similar study using OPGs.> He
also found no statistically significant difference in
asymmetry based on vertical patterns. To avoid
magnification and distortion error associated
with OPG, recent studies use CBCT and 3D
imaging which also showed no relevance of
vertical pattern on mandibular asymmetry.> A
study on linear and volumetric asymmetries in
adults with different skeletal and vertical classes
by Mendoza 1V et al.?* also failed to show any
association between presence of asymmetry and
vertical pattern.

Our results showed a statistically significant
difference in the condylar heights between right
and left sides. Mendoza IV et al.** did not find
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any statistical difference between condylar and
ramal heights on right and left sides. This can
be explained by the sample selection where they
performed the study on caucations, however
magnification error in OPG could also be the
reason for variation in results.

Ming talk chew? analyzed the extent and
management of dento-facial deformity in multi
ethnic Asian populations, 91.5% of the sample
showing marked asymmetry was Chineses and
68% had class 3 malocclusion, explaining the
non-significant asymmetry values of our sample.
Haraguchi et al also found that in a study sample
of 220 Class III Japanese patients, 56% had soft
tissue asymmetry and 80% had some degree of
hard tissue asymmetry.?

Prevalence and severity of mandibular
asymmetry in Caucasian adults was also studied
by Shane J. McCrea and Mark Troy by comparing
right and left side using Habets analysis. They
concluded that right mandibular ramus was
longer in both genders®, same result was also
shown by Skvarilové et al.* Both these studies
were in accordance to ours showing asymmetry
dominance towards the right side. Kaur M et
al.” evaluated gonial angle on OPG and lateral
cephalogram and found increased gonial angle
values on the right side (123.1) than the left
(122.5) showing the same pattern . However, the
difference in right and left side can be entirely
subjected to patient positioning error.

Pearson correlation results shows ramal linear
measurement being decisive in expression
of asymmetry in the form of positive linear
correlation, as also shown by Chen Fang et
al.® According to Leung LY mandibular ramal
asymmetry contributes largely to mandibular
asymmetry along with mandibular body and
chin point and lastly condylar growth. Condylar
height values increased on the right side support
the philosophy of dominant side which is not
supported by evidence. Keles] P et al studied
facial asymmetry in right and left handed adults
through posterio anterior cephalograms and saw
an opposite pattern, this could be because in this
study condyle was not considered as a separate
entity.” Asymmetry can present in a varied
fashion and vertical dimention is clearly not a
decisive factor in this regard. However, this study
gives us the norms for various linear and angular
mandibular measurements for our population
which can be diagnostically significant.
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Limitations of the study: Although three
dimensional studies are gold standard in
the diagnosis of asymmetry, this study used
two-dimensional imaging.Right and left side
dimensional changes can be subjected to positional
errors while Habets method is tedious and manually
cumbersome.

CONCLUSION

There was no statistically significant difference
in condylar, ramal, and total asymmetry index
between different vertical groups.Between the
right and left sides, condylar height and gonial
angles were significantly increased on the
right side. However, Ramal height showed no
significant difference.Ramal index has a strong
linear correlation with total asymmetry index.

Informed consent: Informed Consent for the future
use of records was obtained from all individual
participants at the time of record taking.

Funding: None.
Conflict of interest: None.

REFERENCES

1. Fish LC, Epker BN. Dentofacial deformities related to
midface deficiencies. Integrated orthodontic-surgical
correction. J Clin Orthod. 1987;21(9):654-664.

2. Srivastava D, Singh H, Mishra S, Sharma P, Kapoor P,
Chandra L. Facial asymmetry revisited: Part I- diagnosis
and treatment planning. ] Oral Biol Craniofac Res.
2018;8(1):7-14. doi: 10.1016/j.jobcr.2017.04.010

3. Lemes CR, Tozzi CF, Gribel S, Gribel BF, Venezian GC,
Menezes CC, et al. Mandibular ramus height and condyle
distance asymmetries in individuals with different facial
growth patterns: a cone-beam computed tomography
study. Surg Radiol Anat. 2021;43(2):267-274. doi: 10.1007/
s00276-020-02577-6

4. Bjork A, Skieller V. Normal and abnormal growth of the
mandible. A synthesis of longitudinal cephalometric
implant studies over a period of 25 years. Eur ] Orthod.
1983;5(1):1-46. doi: 10.1093/ejo/5.1.1

5. Ervina S, Lidya Irani N, Thivassini APR. Difference of
Vertical Mandibular Symmetry Based on Mandibular
Growth Pattern in Orthodontic Patients. Paper presented
at: International Dental Conference of Sumatera Utara
2017 (IDCSU 2017); 2018/02, 2018.  doi: 10.7860/
JCDR/2017/21678.9328

6. Kaban LB. Mandibular asymmetry and the fourth
dimension. ] Craniofac Surg. 2009;20 (Suppl 1):622-631.
doi: 10.1097/SCS.0b013e318195249¢

7. Sezgin OS, Celenk P, Arici S. Mandibular asymmetry
in different occlusion patterns. Angle Orthod.
2007;77(5):803-807. doi: 10.2319/092506-392

8. Agrawal M, Agrawal JA, Nanjannawar L, Fulari S, Kagi
V. Dentofacial Asymmetries: Challenging Diagnosis and
Treatment Planning. ] Int Oral Health. 2015;7(7):128-131.

www.pjms.org.pk 1308


https://www.ncbi.nlm.nih.gov/pubmed/?term=McCrea%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=30693241
https://www.ncbi.nlm.nih.gov/pubmed/?term=Troy%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30693241

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Maria Habib et al.

Choi KY. Analysis of Facial Asymmetry. Arch Craniofac
Surg. 2015;16(1):1-10. doi: 10.7181/acfs.2015.16.1.1
Thiesen G, Gribel BF, Freitas MP. Facial asymmetry: a
current review. Dental Press ] Orthod. 2015;20(6):110-125.
doi: 10.1590/2177-6709.20.6.110-125.sar.

Fuentes R, Engelke W, Bustos L, Oporto G, Borie E,
Sandoval P, et al. Reliability of two techniques for
measuring condylar asymmetry with X-rays. Int ] Morphol.
2011:694-701. doi: 10.1016/j.jcms.2016.09.016

Hirpara N, Jain S, Hirpara V, Punyani P. Comparative
assessment of vertical facial asymmetry using
posteroanterior cephalogram and orthopantomogram. ]
Biomed Sci. 2017;6(1):1-7. doi: 10.1053/joms.2000.7253
Habets LL, Bezuur JN, Naeiji M, Hansson TL.
The Orthopantomogram, an aid in diagnosis of
temporomandibular joint problems. II. The vertical
symmetry. ] Oral Rehabil. 1988;15(5):465-471. doi: 10.1111/
j:1365-2842.1988.tb00182.x

Miller V]. Condylar asymmetry and handedness in patients
with temporomandibular disorders. ] Oral Rehabil.
1997;24(7):549-551. doi: 10.1046/j.1365-2842.1997.00505.x.
Veli I, Uysal T, Ozer T, Ucar FI, Eruz M. Mandibular
asymmetry in unilateral and bilateral posterior crossbite
patients using cone-beam computed tomography. Angle
Orthod. 2011;81(6):966-974. doi: 10.2319/022011-122.1
Halicioglu K, Celikoglu M, Buyuk SK, Sekerci AE, Candirli
C. Effects of early unilateral mandibular first molar
extraction on condylar and ramal vertical asymmetry. Eur
J Dent. 2014;8(2):178-183. doi: 10.4103/1305-7456.130595
Kurt G, Bayram M, Uysal T, Ozer M. Mandibular
asymmetry in cleft lip and palate patients. Eur ] Orthod.
2010;32(1):19-23. doi: 10.1093/ ejo/ cjp063

Ramirez-Yafiez GO, Stewart A, Franken E, Campos
K. Prevalence of mandibular asymmetries in growing
patients. Eur J Orthod. 2011;33(3):236-242. doi: 10.1093/
ejo/cjq057

Good S, Edler R, Wertheim D, Greenhill D. A computerized
photographic assessment of the relationship between
skeletal discrepancy and mandibular outline asymmetry.
Eur ] Orthod. 2006;28(2):97-102. doi: 10.1093/ejo/ cji097
Mendoza LV, Bellot-Arcis C, Montiel-Company JM,
Garcia-Sanz V, Almerich-Silla JM, Paredes-Gallardo V.
Linear and Volumetric Mandibular Asymmetries in Adult
Patients With Different Skeletal Classes and Vertical
Patterns: A Cone-Beam Computed Tomography Study. Sci
Rep. 2018;8(1):12319. doi: 10.1038/s41598-018-30270-7

Pak J Med Sci

21.

22.

23.

24.

25.

26.

27.

Chew  MT. Spectrum and  management  of
dentofacial ~deformities in a multiethnic Asian
population. Angle Orthod. 2006;76(5):806-809. doi:

10.1043/0003-3219(2006)076[0806:SAMODD]2.0.CO;2
Haraguchi S, Takada K, Yasuda Y. Facial asymmetry in
subjects with skeletal Class III deformity. Angle Orthod.
2002;72(1):28-35. doi: 10.1043/0003-3219(2002)072<0028:FA
ISWS>2.0.CO;2

McCrea SJ, Troy M. Prevalence and Severity of Mandibular
Asymmetry in  Non-Syndromic, = Non-Pathological
Caucasian Adult. Ann Maxillofac Surg. 2018;8(2):254-258.
doi: 10.4103/ams.ams_293_13

Skvarilova B. Facial asymmetry: type, extent and range of
normal values. Acta Chir Plast. 1993;35(3-4):173-180.
Bhullar MK, Uppal AS, Kochhar GK, Chachra S, Kochhar
AS. Comparison of gonial angle determination from
cephalograms and orthopantomogram. Indian ] Dent.
2014;5(3):123-126. doi: 10.4103/0975-962X.140820

Chen YF, Baan F, Bruggink R, Bronkhorst E, Liao YF,
Ongkosuwito E. Three-dimensional characterization of
mandibular asymmetry in craniofacial microsomia. Clin
Oral Investig. 2020;24(12):4363-4372. doi: 10.1007/s00784-
020-03302-8

Keles P, Diyarbakirli S, Tan M, Tan U. Facial asymmetry
in right- and left-handed men and women. Int ] Neurosci.
1997;91(3-4):147-159. doi: 10.3109/00207459708986372

Authors’ Contribution:

MH, Proposal/project development /manuscript
writing/ data collection.

TA, Manuscript writing/editing.

UM, Assisted in Data collection.

FF, Data Analysis.

1-4:

May - June 2022 Vol. 38 No.5

Authors:

Maria Habib,

Assistant Professor,

Department of Orthodontics,
Tabassum Ahsan,

Associate Professor,

Head Department of Orthodontics,
Omair Majeed,

Senior Registrar,

Department of Orthodontics,
Faisal Faheem,

Senior Lecturer,

Researcher,

Department of Physical Therapy,
Bahria University Medical and Dental College,
Karachi, Pakistan.

www.pjms.org.pk 1309



	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk95382005
	_GoBack
	_GoBack
	OLE_LINK1
	_GoBack
	_Hlk84883349
	_Hlk84795695
	_GoBack
	OLE_LINK3
	OLE_LINK4
	OLE_LINK5
	OLE_LINK6
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk48765418
	OLE_LINK14
	OLE_LINK15
	OLE_LINK16
	OLE_LINK20
	OLE_LINK17
	OLE_LINK18
	OLE_LINK19
	OLE_LINK21
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk80237630
	_GoBack
	_Hlk82849545
	_GoBack
	_Hlk90978508
	_GoBack
	_GoBack
	_Hlk74401505
	_Hlk74942807
	_GoBack
	_Hlk85792714
	_Hlk78715730
	_Hlk76417179
	_Hlk76417218
	_Hlk76417632
	_GoBack
	_GoBack
	_GoBack
	_Hlk74049160
	_Ref67317061
	_GoBack
	_gjdgxs
	_30j0zll
	_GoBack
	_Hlk85438010
	_Hlk85438051
	_Hlk12857052
	_Hlk12857100
	_GoBack
	_Hlk68129485
	_Hlk68129552
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk94196460
	_GoBack
	_GoBack
	_Hlk75875439
	_GoBack

