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ABSTRACT
Background: Aim: To evaluate adenoids and airway space in children with different growth patterns with lateral
cephalogram. Methods: 45 children in age range of 12- 14 years of either sex were subjected to lateral cephalograms and
measurement of airway space and adenoid was performed with Handelman and Osborne area method and Holmberg and
Linder-Aronson method. Results: It was found that age group 12 years comprised of 8 boys, 10 girls, 13 years had 7 boys
and 9 girls and 14 years had 6 boys and 7 girls. Holmberg and Linder-Aronson methods showed size of adenoid with value
1 in 2 subjects, 2 in 5 subjects, 3 in 7 subjects, 4 in 18 subjects and 5 in 13 subjects. ANOVA test showed significant
difference (P< 0.05). Handelman and Osborne area method showed sensitivity of 100%, specificity of 95.4%, PPV of 60%,
NPV of 100% and diagnostic accuracy of 84.7%. Holmberg et al method sensitivity of 100%, specificity of 96.2%, PPV of
65%, NPV of 100% and diagnostic accuracy of 94.2%. Conclusion: Most of the children had large adenoids. Both
methods found to be equally useful in assessment of parameters.
Keywords: Adenoids, Children, Holmberg and Linder-Aronson method, Handelman and Osborne area method.
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INTRODUCTION
Airway obstruction in children in a common
phenomenon which may be due to variety of
reasons.[1] Among all, enlarged adenoids, tonsilitis,
nasal polyps, allergic reactions and anatomical and
physiological alteration of nasal cavity is common.
Mouth breathing may also result from adenoid
hypertrophy, deviated nasal septum due to nasal
obstruction.[2] This process of altered breathing
results in neuromuscular, soft tissue, skeletal and
dental malformations. Children may suffer distorted
craniofacial growth.[3] Nasal obstruction is the
leading cause of mouth breathing, snoring and
obstructive sleep apnoea (OSA). This requires
thorough
clinical
assessment
and
close
interdisciplinary
approach
by Pediatricians,
Orthodontists,
speech
therapists
and
otolaryngologists. These conditions may be
prohibited and interrupted early with airway
assessment.[4]
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Extraoral radiographs such as lateral cephalogram is
a useful diagnostic aid for evaluation of airway.[5,6]
There are numerous methods of airway analysis such
as acoustic reflection, fluoroscopy, magnetic
resonance imaging (MRI), computed tomography
(CT), cone beam tomography (CBCT) and
nasopharyngoscopy.[7] All of these methods have
few or more disadvantages. A method proposed by
Fujioka uses the adenoidal-nasopharyngeal ratio for
determination of the upper airway.[8] This method
offers low sensitivity and reduced observer
correlation. Handelman and Osborne is the trapezoid
analysis considered to be better than other methods
for assessment of airway and adenoids with the help
of lateral cephalogram as it defines the limits of the
bony nasopharynx clearly.[9] The present study was
undertaken with the aim of assessing adenoids and
airway space in children with different growth
patterns with lateral cephalogram.

MATERIALS & METHODS
45 children in age range of 12- 14 years of either sex
were enrolled after their parents gave written consent
for the study. Approval for the study from higher
authorities was also obtained. Demographic profile
of each subject was recorded. Inclusion criteria were
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Age group 12 years comprised of 8 boys, 10 girls, 13
years had 7 boys and 9 girls and 14 years had 6 boys
and 7 girls [Table 1].
Table 2: Assessment of size of adenoids
Scale value
1
2
3
4
5

Number (Percentage)
2 (4.4%)
5 (11.1%)
7 (15.6%)
18 (40%)
13 (28.9%)

P value
Significant (P0.01)

Holmberg and Linder-Aronson methods showed size
of adenoid with value 1 in 1 in 2 (4.4%) subjects, 2
in 5 (11.1%) subjects, 3 in 7 (15.6%) subjects, 4 in
18 (40%) subjects and 5 in 13 (28.9%) subjects.
ANOVA test showed significant difference (P<
0.05). [Table 2, Figure 1]

RESULTS
Table 1: Age and gender distribution
Age group (Years)
12
13
14

Boys
8
7
6

Girls
10
9
7

Figure 1: Size of Adenoid.

Table 3: Sensitivity and specificity of methods used in the study
Method

Sensitivity

Specificity

PPV

NPV

Handelman and Osborne area
method
Holmberg et al method

100%

95.4%

60%

100%

Diagnostic
accuracy
84.7%

100%

96.2%

65%

100%

94.2%

Handelman and Osborne area method showed
sensitivity of 100%, specificity of 95.4%, PPV of
60%, NPV of 100% and diagnostic accuracy of
84.7%. Holmberg et al method sensitivity of 100%,
specificity of 96.2%, PPV of 65%, NPV of 100%
and diagnostic accuracy of 94.2%.

DISCUSSION
Lateral cephalometric radiographs are readily
available and most commonly used radiographic
method for assessment of adenoid hypertrophy and
nasopharyngeal obstruction.[10] It is found that most
of ENT specialists as well as Orthodontics rely on
this modality for doing measurement in patients with
airway obstruction and growth abnormalities. Most
of studies have created and assessed diverse
investigational tools, and as a consequence many
radiographic parameters and much scientific
evidence were produced.[11] In this study we assessed

adenoids and airway space in children with different
growth patterns with the help of lateral cephalogram.
In this study, we enrolled 45 subjects of different age
group. Age group 12 years comprised of 8 boys, 10
girls, 13 years had 7 boys and 9 girls and 14 years
had 6 boys and 7 girls. Choudhari et al,[12] conducted
a study which comprised of 60 children age range
12-14 years who were differentiated into 3 groups
based growth pattern into group 1—normodivergent,
group 2- hypodivergent and group 3- hyperdivergent
with the help of lateral cephalograms. The diagnostic
protocol included 3 diagnostic methods such as
Handelman–Osborne area method, Maw et al
method, and Holmberg et al method. Results showed
highest specificity and diagnostic accuracy with
Holmberg et al method followed by Maw et al
method. Poor specificity was observed with
Handelman–Osborne area method.
In this study, Holmberg and Linder-Aronson
methods showed size of adenoid with value 1 in 1 in
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subjects with no orthodontic treatment and
myofunctional therapy in the past and exclusion
criteria were subjects with facial asymmetry, TMJ
disorders and those not providing consent.
All underwent lateral cephalograms taken with
Planmeca machine operating at 70 kVp and 200 mA.
Subjects were classified into 3 groups of 15 each.
Group I were normodivergent, group II were
hypodivergent and group III were hyperdivergent.
All lateral Cephalograms were studied using
Handelman and Osborne area method with
assessment of basion, sphenoid line, palatal line,
pterygomaxillare, pterygomaxillary line, anterior
arch of atlas and anterior atlas line. Using all these
landmarks, nasopharyngeal area was measured in
mm. Subjective measurement of the size of adenoids
was performed using lateral cephalograms proposed
by Holmberg and Linder-Aronson method. A 5index scale demonstrating 1 = No adenoids 2 =
Small adenoids 3 = Moderate adenoids 4 = Large
adenoids 5 = Very large adenoids was applied.
Results of the present study was tabulated and
studied using ANOVA test. The software IBM SPSS
version 21.0 was used for analysis. Level of
significance was below 0.05.

Ravindran et al; Assessment of Adenoids and Airway Space in Children

CONCLUSION

2. Lenza MG, Lenza MM de O, Dalstra M, Melsen B, Cattaneo
PM. An analysis of different approaches to the assessment of
upper airway morphology: A CBCT study. Orthod Craniofac
Res. 2010;13(2):96-105.
3. Fujioka M, Young LW, Girdany BR. Radiographic evaluation
of adenoidal size in children: adenoidal-nasopharyngeal ratio.
Am J Roentgenol. 1979;133(3):401–404.
4. Bergland O. The bony nasopharynx. A roentgen-craniometric
study. Acta Odontol Scand. 1963;21(35):1-37.
5. Pereira SC, Beltrão RT, Janson G, Garib DG. Lateral
cephalometric radiograph versus lateral nasopharyngeal
radiograph for quantitative evaluation of nasopharyngeal
airway space. Dental Press J Orthod. 2014 Jul-Aug;19(4):8993.
6. Juliano ML, Machado MA, Carvalho LB, Prado LB, do Prado
GF. Mouth breathing children have cephalometric patterns
similar to those of adult patients with obstructive sleep apnea
syndrome. Arq Neuropsiquiatr. 2009 Sep;67(3B):860-5.
7. Maw AR, Jeans WD, Fernando DCJ. Inter-observer variability
in the clinical and radiological assessment of adenoid size, and
the correlation with adenoid volume. Clin Otolaryngol. 1981.
8. Capdevila OS, Kheirandish-Gozal L, Dayyat E, Gozal D.
Pediatric obstructive sleep apnea: complications, management,
and long-term outcomes. Proc Am Thorac Soc. 2008; 5:274–
282.
9. Nixon GM, Brouillette RT. Sleep. 8: paediatric obstructive
sleep apnoea. Thorax. 2005;60:511–516.
10. Richards W, Ferdman RM. Prolonged morbidity due to delays
in the diagnosis and treatment of obstructive sleep apnea in
children. Clin Pediatr. 2000;39:103–108. 1
11. Subtelny JD. The significance of adenoid tissue in
orthodontia. Angle Orthod. 1954;24:59–69.
12. Choudhari SM, Shrivastav S. Comparative Evaluation of
Adenoids and Airway Space in 12 to 14-Year-Old Children
With Different Growth Patterns Using Cephalometric
Methods Commonly Used by ENT Specialists. Journal of
Indian Orthodontic Society. 2021 Mar 11:0301574220966875.
13. Feres MF, Hermann JS, Pignatari SS. Cephalometric
evaluation of adenoids: An analysis of current methods and a
proposal of a new assessment tool. American journal of
orthodontics and dentofacial orthopedics. 2012 Nov
1;142(5):671-8.
14. Major MP, Flores-Mir C, Major PW. Assessment of lateral
cephalometric diagnosis of adenoid hypertrophy and posterior
upper airway obstruction: a systematic review. Am J Orthod
Dentofacial Orthop. 2006;130(6):700-708.
15. Souki MQ, Souki BQ, Franco LP, Becker HMG, Araújo EA.
Reliability of subjective, linear, ratio and area cephalometric
measurements in assessing adenoid hypertrophy among
different age groups. Angle Orthod. 2012;82(6):1001-1007.
How to cite this article: Ravindran N, Abraham A,
Moushmi CB. Assessment of Adenoids and Airway Space
in Children with Different Growth Patterns Using
Cephalometric Method. Ann. Int. Med. Den. Res. 2020;
6(1):DE49-DE51.
Source of Support: Nil, Conﬂict of Interest: None declared

Most of the children had large adenoids. Both
methods found to be equally useful in assessment of
parameters.
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2 (4.4%) subjects, 2 in 5 (11.1%) subjects, 3 in 7
(15.6%) subjects, 4 in 18 (40%) subjects and 5 in 13
(28.9%) subjects. Feres et al,[13] in their study on 120
children from 4- 14 years old with nasal obstruction
were
subjected
to
lateral
cephalometric
examinations. Several current methods were
compared
with
videonasopharyngoscopic
examinations. Groups derived from a grading system
had significantly different percentages of choanal
obstruction. This parameter showed low sensitivity.
Results of this study highlighted significant but
moderate correlations between most of the
quantitative radiographic parameters and the
percentage of choanal obstruction.
In present study it was found sensitivity of 100%,
specificity of 95.4%, PPV of 60%, NPV of 100%
and diagnostic accuracy of 84.7% with Handelman
and Osborne area method. Holmberg et al method
sensitivity of 100%, specificity of 96.2%, PPV of
65%, NPV of 100% and diagnostic accuracy of
94.2%. Major et al,[14] in their systematic review on
the assessment of a lateral cephalometric diagnosis
of adenoid hypertrophy and posterior upper airway
obstruction, observed that the Major et al method
had good correlation with the volume of adenoid
tissue removed during adenoidectomy (r = 0).
Souki et al,[15] conducted a study on 68 mouthbreathing children which comprised of male 54.65%
who had adenoid obstruction of the nasopharynx.
Assessment of subjective, linear, ratio, and area LCR
measurements was performed. Each measurement
was compared with flexible fiberoptic endoscopy
diagnosis. Kendall correlation coefficients for
agreement between tests were > 0.67 and kappa
scores were substantial. Older age groups showed
higher correlation coefficients and agreement values.
Age group 3- 5-years old revealed lower correlation
coefficients and agreement strength for all
measurements. The sensitivity of LCR varied from
71% to 84%. The specificity varied from 83%
(linear) to 97% (ratio). The positive predictive value
varied from 88% (linear) to 97% (ratio). The
negative predictive value varied from 70% (ratio) to
78% (linear). The validity of each measure was
different among the age groups.
The shortcomings of present study are limited
sample size and only two methods for assessment of
airway space were included and compared.

