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Abstract
Objectives To analyze the diagnostic value of the tonsil–oropharynx (T/O) ratio on lateral cephalograms for 
evaluating tonsillar hypertrophy (TH).

Methods A cross-sectional study was performed on 185 consecutive children (101 males, 84 females; mean age 
7.3 ± 1.4 years) seeking orthodontic treatment. The T/O ratios on lateral cephalograms were calculated following 
Baroni et al.’s method. Tonsil sizes were clinically determined according to the Brodsky grading scale. Spearman 
correlation coefficients between the T/O ratio and clinical tonsil size were calculated with the total sample and 
subgroups and then compared between subgroups. Diagnostic value was analyzed using the receiver operating 
characteristic (ROC) curve, sensitivity, specificity, positive and negative predictive values, and accuracy.

Results There was a strong correlation between the T/O ratio and clinical tonsil size in children (ρ = 0.73; P < 0.001). 
A significantly higher correlation coefficient was found in the Class III children. The ROC curve revealed an area under 
the curve of 0.90 (95% CI, 0.86–0.94; P < 0.001). The optimal cutoff value of the T/O ratio for predicting TH was 0.58, 
with a sensitivity of 98.7% and specificity of 64.2%. Employing the cutoff value of 0.5, the sensitivity was 100% and the 
specificity was 45.9%.

Conclusions Measurement of the T/O ratio on lateral cephalograms may be helpful to initial screening in children 
for TH. Practitioners may combine the clinical examination of tonsil size with the cephalometric findings for a more 
comprehensive evaluation.
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Introduction
The palatine tonsils are lymphatic tissues located on the 
lateral walls of the oropharynx. The tonsil tissues are very 
small at birth, usually, enlarge in size throughout child-
hood, and tend to regress in adolescence [1, 2]. Tonsillar 
hypertrophy (TH) is common in the pediatric population 
and may contribute to airway obstruction, the develop-
ment of obstructive sleep apnea (OSA) as well as abnor-
mal dentofacial growth [3–6].

In recent decades, the association between TH and 
Class III malocclusion of children has attracted increas-
ing attention [5–9]. The literature suggested that children 
with isolated TH had a more forward and upward posi-
tion of the mandible [5, 6] and a higher rate of Class III 
relationships [7]. Iwasaki et al. [8] depicted that the ton-
sil size of Class III children was significantly correlated 
with anterior tongue posture and mandibular protrusion. 
Therefore, the correct diagnosis of TH should be made 
before treating respiratory problems and related dentofa-
cial deformities in children.

The current standard grading system for evaluating 
tonsil size and diagnosing TH is based on clinical oro-
pharyngeal examination [10]. The tonsils are assigned a 
grade depending on the percentage of oropharyngeal air-
way occupied by tonsils in the medial-lateral dimension 
[11]. However, this widely used examination is not per-
fect as it fails to reveal oropharyngeal obstruction in the 
anterior-posterior dimension [12–14].

As a standard orthodontic method to evaluate cranio-
facial morphology, the lateral cephalogram can be a ready 
reference for orthodontists to evaluate airway obstruc-
tion and hypertrophic adenoids and tonsils [6, 15]. Many 
studies have reported that cephalometric measurement 
of adenoid had reasonable correlations to adenoid size 
[15, 16] and lateral cephalogram exhibited good accuracy 
for the diagnosis of adenoid hypertrophy [17]. Unlike 
adenoids, there is a lack of enough existing cephalomet-
ric guidelines for diagnosing TH, although lateral cepha-
lograms have been used to recognize obstructive tonsils 
in dental practice [5, 6, 18].

Behlfelt et al. [19] and Pirila-Parkkinen et al. [20] dem-
onstrated that the cephalometric-measured area of ton-
sil or tonsil and soft palate was positively correlated with 
clinical tonsil size, but the validity of these parameters in 
quantifying tonsil size was not analyzed. In contrast to 
cross-sectional area measurements, Baroni et al. [5] pro-
posed an easy-to-use cephalometric method to identify 
hypertrophic tonsils using linear measurements. How-
ever, the diagnosis of TH was subjectively made based on 
whether the ratio of oropharyngeal obstruction by ton-
sils was greater than 0.5. For a simplified description, we 
define this ratio as the tonsil–oropharynx (T/O) ratio.

As it can be easily applied in both manual tracing and 
software, the method of calculating the T/O ratio seems 

more practical and less time-consuming than area mea-
surements to predict clinical tonsil size. However, the 
accuracy of the cutoff value at 0.5 is not known and no 
study has yet sought to evaluate its correlation with clini-
cal tonsil size. Therefore, the aims of this study were (1) 
to investigate the correlation between the cephalometric 
T/O ratio and clinical (subjective) tonsil size, and (2) to 
analyze the diagnostic value of the T/O ratio on lateral 
cephalograms for evaluating TH (using clinical examina-
tions as the reference standard).

Materials and methods
Sample description
This cross-sectional study was conducted at the depart-
ment of orthodontics at the Hospital of Stomatology, 
Wuhan University. The study protocol was approved by 
the Ethics Committees of the Hospital of Stomatology, 
Wuhan University (No.2022-B47). Informed written con-
sent was obtained from patients and their parents before 
data collection.

We recruited consecutive children who sought orth-
odontic treatment and had lateral cephalograms taken 
for routine diagnosis from January 2022 to October 2022. 
The inclusion criteria for the study were (1) children aged 
3 to 12 years, (2) clear identification of oropharyngeal 
airway and tonsils on lateral cephalograms, and (3) body 
mass index (BMI) below cutoff points of obesity [21]. 
The exclusion criteria were (1) patients with acute upper 
airway infection, (2) a history of previous tonsillectomy, 
tonsillotomy, or orthodontic treatment, and (3) craniofa-
cial syndromes.

Within a week of the cephalometric examinations, 
subjects received a clinical assessment of tonsil size at 
the department of otolaryngology-head and neck sur-
gery, Zhongnan Hospital of Wuhan University. The data 
including age, sex, weight, and height were collected for 
each child. Patients were divided into several subgroups 
with subgrouping variables of sex, age, and sagittal skel-
etal patterns.

Cephalometric analysis
All lateral cephalograms were obtained with the same 
device (Soredex, Tuusula, Finland) and performed by the 
same operator, according to a standard protocol (73 kV, 
10 mA). All cephalograms were taken in centric occlu-
sion and natural head position without swallowing. The 
cephalograms were coded with numbers and digitized 
with Dolphin Imaging software (Version 11.7, Dolphin 
Imaging & Management Systems, Chatsworth, USA). 
The cephalometric measurements were analyzed by one 
well-trained orthodontist (C.L) with more than 8 years 
of clinical experience, who was unaware of each subject’s 
characteristics and subjective tonsil size.
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The reference points and lines used in the cephalo-
metric analysis were shown in Fig. 1. On lateral cephalo-
grams, palatine tonsils appear as an oval-shaped shadow 
in the oropharyngeal space close to the root of the 
tongue. Image enhancement brightness and contrast can 
be adjusted to improve image quality and anatomic land-
marks for measurement. A protocol for measuring the 
T/O ratio proposed by Baroni et al. [5] was followed. Sag-
ittal skeletal patterns were characterized by ANB angle: 
Class I (1°< ANB ≤ 5°), Class II (ANB > 5°), and Class III 
(ANB ≤ 1°) [22].

Clinical assessment of tonsil size
A clinical oropharyngeal examination was carried out 
by an otolaryngologist (X.C) with more than 25 years of 
clinical experience. Patients were asked to sit up straight, 
open their mouths wide, and continuously pronounce the 
phoneme /r/. When the patient had a Friedman palate 
position of 3 or 4 [23] as the tonsils were not visualized, 

a tongue depressor was used to push the tongue against 
the floor of the mouth. During the examination, the 
investigator examined the oropharynx without activating 
the gag reflex, which could make the tonsils closer to the 
midline artificially.

The tonsil sizes of children were clinically graded on 
a scale of 1 to 4 according to the Brodsky scale (Fig. 2). 
Grades 3 and 4 were deemed a diagnosis of TH in clinical 
settings. Grade 0 was reserved for postsurgical patients 
with no tonsils who were excluded from the study. We 
recorded the percentage of oropharyngeal obstruction 
by both tonsils to assign a grade instead of assessing the 
left and right tonsils separately, and the same goes for the 
asymmetric tonsils.

Statistical analysis
The collected data were analyzed using the SPSS software 
(version 26.0, Chicago, USA). The cephalograms of 30 
randomly selected children were measured twice, with 

Fig. 2 The Brodsky grading scale of tonsil size. Grade 0 (tonsils in the fossa), grade 1 (tonsils outside of the fossa and occupy ≤25% of the oropharyngeal 
width), grade 2 (tonsils occupy 26-50% of the oropharyngeal width), grade 3 (tonsils occupy 51-75% of the oropharyngeal width), and grade 4 (tonsils 
occupy > 75% of the oropharyngeal width)

 

Fig. 1 The image of the tonsil (A) and reference points and lines for measurements (B) on lateral cephalogram. N: most anterior point of nasofrontal 
suture; A: most posterior point of anterior outline of maxillary alveolar ridge; B: most posterior point of anterior outline of mandibular alveolar ridge; ANB: 
angle between N-A line and N-B line; TgO (Tangent oropharynx): tangent line to the posterior wall of the oropharynx; To (Tonsil point): the most posterior 
point of the posterior outline of the tonsil shadow (the nearest point to the posterior wall of the oropharynx); To-TgO (Perpendicular oropharynx): line 
perpendicular to TgO passing through To; Op (Oropharynx posterior): the intersection of the lines TgO and To-TgO; Oa (Oropharynx anterior): the inter-
section of the line To-TgO and the posterior outline of the tongue (or the anterior outline of the tonsil); T/O ratio: ratio of the distance from To to Oa and 
distance from Op to Oa
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a 2-week interval between the measurements. Method 
reliability was evaluated using intraclass correlation 
coefficient (ICC) and measurement error was evaluated 
using the method of moments estimator (MME) for-
mula [24]. Spearman’s rank correlation coefficients (ρ) 
were calculated to evaluate the correlation between the 
T/O ratio and clinical tonsil size in the total sample and 
all subgroups. We classified the Spearman correlations in 
groups of negligible (0–0.09), weak (0.1–0.39), moderate 
(0.4–0.69), strong (0.7–0.89), and very strong (0.9–1.0) 
correlation [25]. The Fisher’s z-statistics with Zou’s con-
fidence intervals (CI) [26] was used to test for differences 
in coefficients between two subgroups, implemented in 
the software package Cocor (version 1.1.3, Duesseldorf, 
Germany) [27].

The receiver operating characteristic (ROC) curve was 
performed to analyze the validity of T/O ratios for evalu-
ating TH. The sensitivity, specificity, positive predictive 
value (PPV), negative predictive value (NPV), and accu-
racy of different cutoff points were calculated. In all tests, 
P values of < 0.05 were considered statistically significant.

Results
Baseline clinical and cephalometric information
A total of 200 patients were assessed, and 15 were 
excluded from the sample due to radiographic reasons. 
The image of tonsils on lateral cephalograms was invis-
ible in 11 children and obscured by the angle of mandible 
in the other 4 children. The final sample was thus com-
posed of 185 subjects (101 males, 84 females; mean age 
7.3 ± 1.4 years, range 3–12 years).

The MME error was 0.20° for cephalometric angular 
measurement and varied from 0.21 to 0.46 mm for linear 
measurements. The ICC value was 0.95 for angular mea-
surement and varied from 0.87 to 0.96 for cephalometric 
linear measurements, indicating satisfactory intra-rater 
reliability. Table  1 showed that the majority of children 
had grade 2 (44.3%) and grade 3 (33.0%) tonsils, and the 

prevalence rate of TH (grades 3 and 4 tonsils) was 41.1% 
in the studied population. A cephalometric T/O ratio 
greater than 0.6 was present in 71 of 76 (93.4%) children 
with TH. The median T/O ratio of grades 1, 2, 3, and 4 
was 0.41, 0.54, 0.72, and 0.85, respectively (Fig. 3). There 
was an overlap between the middle 50% range of T/O 
ratios (shown as the blue box in Fig.  3) in grade 1 and 
2 groups. For some tonsils, we observed discrepancies 
between the T/O ratio and clinical tonsil size. One child 
in the grade 1 group and 7 children in the grade 2 group 
had T/O ratios greater than 0.72, which was the median 
value of the grade 3 group. Baseline information of the 
children with different sagittal skeletal patterns was 
shown in Supplementary Table 1.

Correlation analysis between the T/O ratio and clinical 
tonsil size
Spearman correlation analysis showed a significantly 
strong correlation (ρ = 0.73; P < 0.001) between the T/O 
ratio and tonsil size in the total sample (Table 2). Stratify-
ing by patient characteristics, the correlation coefficients 
varied from 0.67 to 0.94 in the subgroups (P < 0.001 for 
all).

Table  3 revealed that sagittal skeletal pattern was 
related to statistically significant differences in correla-
tion coefficients, but age and sex were not. A significantly 
higher correlation coefficient (ρ = 0.94) was found in the 
Class III children compared with Class I or Class II chil-
dren (Z = − 2.75, Z = − 2.37, respectively; P < 0.01). There 
was no statistically significant difference in correlation 
coefficients between Class I and Class II group (Z = − 0.89, 
P = 0.187).

The validity of cephalometric T/O ratios in the diagnosis of 
TH
As seen in Fig.  4, the ROC curve analysis revealed an 
area under the curve (AUC) of 0.90 (95% CI, 0.86–0.94; 
P < 0.001), indicating cephalometric T/O ratios demon-
strated good overall accuracy in detecting TH. The opti-
mal cutoff value of the T/O ratio for predicting TH was 
0.58 (with the highest Youden’s index), corresponding 
to a sensitivity of 98.7% and specificity of 64.2%. Using a 
cutoff value of 0.5 proposed by Baroni et al. [5], sensitiv-
ity increased to 100% and specificity decreased to 45.9%. 
The corresponding PPV, NPV, and accuracy of the two 
cutoff points were shown in Table 4.

Discussion
Oropharyngeal obstruction caused by TH can lead to 
pediatric OSA and malocclusion, so the accurate evalu-
ation of tonsil size is a key component of clinical deci-
sion-making for both tonsillectomy and orthodontic 
treatment in children [28, 29]. Patel et al. [12] proposed 
an endoscopic grading system for quantifying tonsil size, 

Table 1 Characteristics and clinical data of the children 
participating in this study
Characteristic Value
Age, mean (SD), y 7.4 (2.5)

BMI, mean (SD), kg/m2 16.9 (2.1)

Sex, N (%)

 Male 101 (54.6)

 Female 84 (45.4)

Clinical tonsil size, N (%)

 Grade 1 27(14.6)

 Grade 2 82 (44.3)

 Grade 3 61 (33.0)

 Grade 4 15 (8.1)

Tonsillar hypertrophy, N (%) 76 (41.1)
SD, standard deviation; BMI, Body mass index
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based on the degree of oropharyngeal obstruction in 
both the medial-lateral and anterior-posterior dimen-
sions. Clinicians should not focus solely on lateral 
obstruction and ignore sagittal obstruction because the 
tonsil is a 3-dimensional (3D) object in the oropharynx. 
Although magnetic resonance imaging (MRI) and com-
puterized tomography (CT) could offer a 3D solution to 
assess tonsils [8, 20, 30], the limitations such as high costs 
and exposure to extra ionizing radiation confine them to 
routine assessments for children.

As a useful and readily accessible tool for orthodontists, 
lateral cephalograms can be a helpful adjunct in assess-
ing oropharyngeal obstruction in the anterior-posterior 
dimension as well as predicting the clinical tonsil size. 
The results of the present study showed a strong correla-
tion between the T/O ratio and clinical tonsil size in chil-
dren. This can be explained because tonsils are inclined 
to enlarge in three dimensions rather than one dimen-
sion. This interpretation is in agreement with Wang et al 
[31], who found that the objective tonsil measurements 
including length, width, and depth were significantly cor-
related with clinical tonsil size. Nevertheless, the T/O 
ratio on lateral cephalogram sometimes may fail to quan-
tify tonsil size because of discordances between them, 
especially in children with grade 1 or 2 tonsils.

Notably, the T/O ratio was more strongly correlated 
with tonsil size in Class III children than in Class I and 
II children. This may be because Class III children with 

Table 2 Spearman correlation coefficients between T/O ratio 
and clinical tonsil size in total sample and subgroups
Characteristic N Correlation 

coefficients
(95% CI) P 

value
Overall 185 0.73 (0.65, 0.79) < 0.001

Sex

 Male 101 0.71 (0.59, 0.80) < 0.001

 Female 84 0.75 (0.63, 0.84) < 0.001

Age, y

 3–5 65 0.69 (0.53, 0.81) < 0.001

 6–8 71 0.79 (0.68, 0.86) < 0.001

 9–12 49 0.69 (0.51, 0.81) < 0.001

Sagittal skeletal pattern

 Class I 74 0.67 (0.51, 0.80) < 0.001

 Class II 98 0.74 (0.63, 0.82) < 0.001

 Class III 13 0.94 (0.77, 0.98) < 0.001
CI, confidence interval

Table 3 Correlation differences between age, sex, and skeletal 
pattern subgroups

Test Statistic (z) P value
Male group vs Female group −0.571 0.284

3–5 group vs 6–8 group −1.273 0.102

3–5 group vs 9–12 group 0 0.5

6–8 group vs 9–12 group 1.171 0.121

Class I group vs Class II group −0.891 0.187

Class I group vs Class III group −2.745 0.003*

Class II group vs Class III group −2.369 0.009*
* a significant difference between two correlations (P < 0.05)

Fig. 3 Relationships of clinical tonsil sizes and T/O ratios. Each box plot represents the median and 25th and 75th percentile. Outliers are defined by small 
circles
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larger oropharyngeal airway depth and volume [22, 32] 
present a more original shape of tonsils and consequently 
a stronger correlation, relative to Class I and II children 
with possible distorted tonsils. These results suggest that 
the T/O ratio may be more accurate in predicting tonsil 
size and detecting TH in Class III children. The age range 
(3–12 years) was chosen because it included the age at 
which lymphoid tissues such as tonsils reached their peak 
in children [1]. There was no significant difference in 
correlation coefficients between the various age groups, 

indicating the stage of development might not affect the 
correlation between the T/O ratio and tonsil size.

Clinically, it is more important to distinguish hypertro-
phic tonsils (grades 3 and 4) from non-hypertrophic ton-
sils (grades 1 and 2) than to predict the exact tonsil size 
between grades 1 and 2 or between grades 3 and 4. Our 
findings showed that the cephalometric T/O ratio exhib-
ited good overall accuracy (AUC: 0.90) for evaluating TH. 
For a disease of TH, the ideal goal for orthodontists is to 
identify all patients with TH at risk of referring the occa-
sional healthy child to an otolaryngological assessment. 

Table 4 Comparison of diagnostic accuracy of the different cutoff values
T/O ratio Clinical exam Total Sensitivity Specificity PPV NPV Accuracy

Positive Negative
Cutoff value = 0.58

Positive 75 39 114 98.7% 64.2% 65.8% 98.6% 78.4%

Negative 1 70 71

Total 76 109 185

Cutoff value = 0.5

Positive 76 59 135 100% 45.9% 56.3% 100% 68.1%

Negative 0 50 50

Total 76 109 185
T/O, tonsil–oropharynx; PPV, positive predictive value; NPV, negative predictive value

Fig. 4 ROC curve of T/O ratios for diagnosing TH (AUC = 0.898).
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Therefore, it is important to maximize sensitivity (low 
rate of false-negative results). Although the cutoff value 
of the T/O ratio at 0.5 showed an excellent sensitivity 
of 100%, it had a poor specificity of 45.9%. The optimal 
cutoff value of 0.58, by contrast, had an almost excellent 
sensitivity of 98.7% and an acceptable specificity of 64.2%. 
The value of 0.58 was more reasonable to be the refer-
ence value to detect TH, as it balanced the sensitivity and 
specificity while maintaining almost excellent sensitivity 
and higher accuracy.

Employing the cutoff value of approximately 0.58, the 
lateral cephalogram detected nearly all subjects with 
TH, but it still incorrectly classified 35.8% of children. 
Besides, a PPV of 65.8% was acceptable but not good 
enough. Therefore, the potential false-positive diagno-
ses should be taken into consideration (lateral cephalo-
grams may overestimate TH) when applying our findings 
in clinical practice. A considerable number of children 
in our sample were found to have hypertrophic tonsils, 
indicating that screening for TH among children seek-
ing orthodontic treatment was imperative. These results 
could aid orthodontists or clinicians in their roles as early 
detectors of pediatric TH.

Most orthodontists usually pay more attention to the 
facial profile, teeth position, and occlusion of children 
and omit the clinical examination of tonsils during the 
first visit, as it is not a routine assessment in dental prac-
tice. Our research has validated an easy-to-use method 
that can provide cephalometric evidence for orthodon-
tists to screen pediatric TH in the absence of examining 
clinical tonsil sizes. This can also be helpful in conduct-
ing retrospective studies that use lateral cephalograms to 
recognize hypertrophic tonsils, as clinical information on 
tonsils is often unavailable. Besides, the lateral cephalo-
gram may offer a useful reference for otolaryngologists 
to predict TH when young children are uncooperative 
with clinical examination. However, 15 excluded chil-
dren suggested that the lateral cephalogram had limita-
tions in assessing tonsils due to its two-dimensional and 
static nature. The image of the tonsils can be invisible 
and obscured by the angle of mandible, which may lead 
to an unavailable or inaccurate measurement of the T/O 
ratio. In such cases, the clinical examination is indispens-
able. Therefore, it is advised to use lateral cephalograms 
as a screening tool for TH or an additional method to 
the clinical examination instead of replacing the current 
diagnostic criteria.

Although the clinical examination is easily performed 
and crucial for the diagnosis of TH, its predictive ability 
can be limited due to the unclear association between 
subjective tonsil size and OSA severity [14, 33]. There-
fore, 3D evaluation and multiple measurements of tonsil 
size rather than a single clinical examination were recom-
mended for children with suspected OSA. The combined 

use of lateral cephalogram and clinical examination may 
provide clinicians with a more comprehensive evaluation 
of tonsil size and serve as an alternative tool to 3D imag-
ing to some extent, as lateral cephalogram adds depth to 
clinical examination.

Limitation
This pilot study has a few limitations. The sample size 
calculation was not performed, as no similar study was in 
the literature. Also, the same otolaryngologist performed 
all the clinical assessments, and inter-rater reliability was 
not assessed. Additionally, due to the low proportion of 
Class III children in our sample and pediatric population, 
further studies comprising more Class III subjects are 
needed to form more precise results. Furthermore, future 
studies need to be performed to confirm the usefulness 
of this ratio and reinforce the validity of this preliminary 
cutoff value.

Conclusions
1. Based on the present data, the T/O ratio on lateral 

cephalogram has a strong correlation with clinical 
tonsil size and exhibits good diagnostic accuracy for 
evaluating TH in children seeking orthodontic care.

2. Measurement of the T/O ratio may be used for 
the initial screening of pediatric TH when lateral 
cephalograms are readily available.

3. The combined use of cephalometric analysis and 
clinical assessment may provide clinicians with a 
more comprehensive evaluation of tonsil size.
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