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Background and Objective To begin with, an adenotonsillectomy is one of the most common
operations in children who have been diagnosed with a condition of sleep-disordered breathing.
Upon the preoperative evaluation of tonsil and adenoid size, it is important to predict the probable
postoperative outcome. In this study, we investigated the correlation between the subjective tonsil
grade, tonsil shadow area on skull lateral view radiographs, and tonsil volume after tonsillectomy.

Methods We retrospectively reviewed the medical records of 234 patients who underwent an
adenotonsillectomy in the tertiary referral hospital from January to June 2014. We demarcated the
tonsil shadow area on the skull lateral view. When visible, the tonsil shadow area was considered as
ellipse. The tonsil area was calculated by measuring the major (2a) and minor (2b) axes of shadow
(S=mab). The tonsil volume was measured at the time of surgery.

Results The tonsil shadow was visible in 180 cases and invisible in 54 cases. The tonsil volume
varied from 1.0 cm’ to 9.5 cm’. It is noted that the tonsil volume was significantly greater in the vis-
ible group than in the invisible group, based on the lateral radiograph (3.81 £ 1.21 cm?, 3.24 + 1.03
cm?’, respectively; p = 0.002). In a review of the visible tonsil group (n = 180), there was a positive
correlation between the tonsil shadow area and tonsil volume (r = 0.489, p < 0.001) and between
tonsil grade and tonsil volume (r = 0.239, p < 0.001).

Conclusions Tonsillar hypertrophy can be evaluated more accurately when using skull lateral
view radiographs as compared with the use of a clinical examination. A tonsil shadow on skull lat-
eral view can be a helpful, non-invasive, and relatively easy tool to predict tonsil volume in many
cases. Sleep Med Res 2019;10(1):8-12
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INTRODUCTION

Adenotonsillectomy is one of the most common operations for children with obstructive
sleep-disordered breathing. In this context, an accurate evaluation of palatine tonsillar hyper-
trophy and adenoid vegetation is an important predictive factor for the successful treatment
of pediatric patients with obstructive sleep apnea (OSA) [1]. For this reason, before perform-
ing a tonsillectomy, the conventional tonsil grading system with oropharyngeal examination
was the only way to evaluate the degree of tonsillar hypertrophy. However, this subjective ton-
sil grade has several limitations. In all cases, because it is a subjective measurement, it has low
inter-rater reliability and does not include an evaluation of the lower tonsillar poles. The eval-
uation is only based on a comparison of the tonsillar extension to the anterior pillars, making
it difficult to assess the whole tonsil dimensions and volume [2]. The Wang et al. [3] study re-
ported that subjective tonsil size in sleep-disordered breathing children may not reflect the ob-
jective tonsil volume in those cases.

In contrast, assessment of the tonsil shadow area is an objective measurement that enables
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the evaluation of the complete tonsil, even in the case of the low-
er tonsillar poles. It is noted that the skull lateral view radio-
graph is a useful tool to evaluate adenoid hypertrophy or naso-
pharyngeal narrowing; however, tonsil shadow also can be
observed in the skull lateral view. In addition, this technique can
be easily performed on pediatric patients in an out-patient clinic
and it is relatively inexpensive [4-7]. In other words, the tonsil
shadow is visible in the majority of skull lateral view radio-
graphs of pediatric patients with adenotonsillar hypertrophy
(Fig. 1). In this relation, it is noted that in recent years, advances
in imaging technology have made it possible to configure image
quality by changing the shadow with the picture archiving and
communication system tools. In this study, we investigated the
correlation between the initial examination of the tonsil, area of
tonsil on the skull lateral view, and the tonsil volume after a sur-
gically performed tonsillectomy.

METHODS

In this case, we retrospectively reviewed medical records of
234 pediatric patients who were diagnosed with tonsillar hyper-
trophy and underwent adenotonsillectomy in tertiary hospital
between January 2014 and June 2014. The Institution’s Human
Ethics Committee approved this study (application number
20180623). Furthermore, we excluded patients with a previous
history of adenotonsillectomy, asymmetric tonsil size, periton-
sillar abscess, craniofacial deformity, or Down’s syndrome. Ad-
ditionally, the patients with sleep-disordered breathing, except
snoring and sleep apnea, were also excluded from this study. In
this case, preoperatively, all of the patients were assigned a ton-
sil grade using an oropharyngeal exam as follows: grade I, ton-
sils hidden within the tonsil pillars; grade II, tonsils extending
to the pillars; grade III, tonsils extended three-fourths of the
way to the midline; grade IV, kissing tonsils.
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In this case, a skull lateral view radiograph was obtained for
all the subjects preoperatively and the radiograph results were
evaluated by two independent otolaryngologists. First, we as-
sessed the visibility of the palatine tonsil shadow on the skull
lateral view (Fig. 1). In cases with a visible tonsil shadow, we
measured the length of the major axis (2a) and minor axis (2b),
and calculated the tonsil shadow area by substituting the for-
mula for an ellipse (S = mab) considering that, generally, pala-
tine tonsils are ellipsoid (Fig. 2). Generally speaking, if there
were both tonsil shadows in one radiograph, we choose more
delineated one. In the meantime, this method calculating ton-
sil shadow area on skull lateral view was first proposed by us as
far as we know.

Under general anesthesia, each patient underwent the pro-
cedure of a bilateral tonsillectomy: after a local anesthetic in-
jection (1% lidocaine with diluted epinephrine at a ratio of
1:200,000) at both anterior tonsil pillars, the dissection of the
tonsils was performed using a monopolar electrosurgical de-
vice by one senior surgeon. Therefore, after obtaining the tonsil
specimen, we measured the volume of the palatine tonsils with
the following method: we measured the increase in saline vol-
ume after placing the tonsil into a 20 cm’ syringe tube filled with
10 cm’ saline.

Statistical Analysis

In this case, the data were analyzed with the SPSS statistical
application (SPSS for Windows, release 17.0, SPSS Inc., Chica-
go, IL, USA), and the figures were plotted with SPSS and Mi-
crosoft Office Excel (Microsoft Excel for Windows, release 11.0,
2003, Microsoft Corporation, Redmond, WA, USA). Addition-
ally; an analysis to compare the tonsil volume based on the tonsil
shadow and that of the specimen using the independent sample
t-test was performed. Next, an interrater reliability for the tonsil
shadow area was calculated with the use of a paired t-test. With
Spearmans correlation analysis, we obtained the correlation
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Fig. 1. Tonsil shadow in a skull lateral view radiograph. A: Tonsil shadow is well demarcated (arrowheads) B: Tonsil shadow is invisible.
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coefficients between the Friedman tonsil grade, tonsil shadow
area, and tonsil volume. In this case, the p value under 0.05 was
considered statistically significant.

RESULTS

Clinical Characteristics

In this study, we reviewed the electronic medical records of
234 pediatric patients, retrospectively. The average age at the
time of surgery was 5.94 years and 136 (58.1%) patients were
male. The number of patients were noted as aged under 5

Fig. 2. Calculating tonsil shadow area on the skull lateral view.
After demarcating the tonsil shadow margin (arrowheads), length
of the major axis (solid line, 2a) and minor axis (broken line, 2b)
can be obtained. Tonsil shadow area is mab.

Table 1. General characteristics of enrolled patients

years, from 5 to 9 years, and over 10 years, was 70, 140, and 24,
respectively. On the oropharyngeal exam, the number of patients
for each tonsil grade were as follows: grade I, 5 cases (2.1%);
grade I, 21 cases (9.0%); grade III, 126 cases (53.8%); and grade
IV, 82 cases (35.0%). It is noted that on the skull lateral view, the
tonsil shadow was observed in 180 cases (76.9%). In the visible
tonsil shadow group, tonsil grades I, II, III, and IV were as-
signed in 3 (1.7%), 11 (6.1%), 95 (52.8%), and 71 (39.4%) cases,
respectively (Table 1). Likewise, the determination of the mean
tonsil volume was 3.68 + 1.19 cm® and the mean area of tonsil
shadow was 3.14 * 0.83 cm’. Thus, no significant differences
was observed between the scorers (two first authors) for tonsil
shadow area (p = 0.12).

Correlation between Tonsil Volume and the Tonsil
Grade and Tonsil Shadow Area

First it is noted that the tonsil volume was significantly larger
in the visible tonsil shadow group than in the invisible tonsil
shadow group (3.81 + 1.21 cm’, 3.24 + 1.03 cmy’, respectively;
p = 0.002) (Table 2). Next, in the visible tonsil group (n = 180),
there was a statistically significant correlation between the ton-
sil shadow in the skull lateral view and tonsil volume (r = 0.489,
p < 0.001) (Fig. 3). Finally, there was also a significant correla-
tion between the tonsil grade and tonsil volume (r = 0.239, p <
0.001) (Table 3).

DISCUSSION

The prevailing discipline is that the skull lateral view radio-
graph is a useful tool to evaluate upper airway obstruction, like
adenoid vegetation, however, there are few studies about palatine
tonsillar hypertrophy using this radiographic image [4,6,8-11].

Tonsil shadow on skull lateral view

Characteristics n=234 (%) Tonsil volume (SD) (cm?) —
Visible (%) n = 180 Area (SD) (cm?)
Sex
Male 136 58.1
Female 98 41.9
Age (years)
<5 70 29.9
5-9 140 59.8
>10 24 10.3
Tonsil grade
I 5 2.1 2.3(0.58) 3(1.7) 2.3(0.97)
1I 21 9.0 2.9 (1.31) 11(6.1) 2.3(0.78)
111 126 53.8 3.76 (1.06) 95 (52.8) 3.0 (0.60)
v 82 35.0 4.07 (1.30) 71 (39.4) 3.5(0.94)

SD: standard deviation.
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The researchers in Pirild-Parkkinen et al. [12] performed a com-
parative analyses of the nasopharyngeal and oropharyngeal air-
way in lateral cephalograms and magnetic resonance imaging
(MRI). They reported that most of the cephalometric variables
were not significantly related to tonsil grade, except the soft tis-
sue area on the cephalograms. However, in that case they did
not identify the exact tonsil portion measured in the cephalo-
grams and only compared MRI results to the radiographs, and
not to the actual tonsil volumes.

The Li et al. researchers studied the correlation between the
tonsillar-pharyngeal (T-P) ratio and severity of OSA in 35 later-
al cephalograms, using the method suggested by Shintani et al.
[13,14]. They reported that the OSA parameters [apnea-hypop-
nea index (AHI) and oxygen desaturation index] are correlated
positively with the T-P ratio (r = 0.798, p < 0.0001 and r = 0.505,
p = 0.002, respectively), and emphasized the clinical usefulness
of the radiographic T-P ratio. The researchers delineated the
tonsil shadow on radiographic imaging, however, they only mea-
sured the horizontal length of tonsil shadow, creating only a one-
dimensional parameter of the tonsil in that case.

To our knowledge, the current study is the first to use the actu-
al volumes of tonsils to compare with the preoperative tonsil
shadow area on skull lateral view radiographs in pediatric pa-
tients. It is shown that the tonsil shadow area in the skull lateral
view had a statistically meaningful correlation with the actual
tonsil volume. The conventional tonsil grade also had a posi-
tive correlation with tonsil volume, however, the correlation of
the tonsil shadow area was shown to have been stronger. The
tonsil grade result is a one-dimensional parameter because it only
reflects the relative extension of the tonsil to the anterior pillars.
In contrast, the tonsil shadow area is a two-dimensional param-
eter, whereby it can better reflect tonsillar hypertrophy, than
with the use of just the tonsil grading system.

That being noted, the upper airway obstruction in OSA pa-
tients is caused by static elements and dynamic elements. The
static elements are consisted with bony framework and soft tis-
sue volume. In many cases, the dynamic elements are the mus-
cle tone differences during awakening and sleep. In other

Table 2. Tonsil volume differences between visible tonsil shadow
group and invisible tonsil shadow group

Tonsil shadow n
Visible 180
Invisible 54

Tonsil volume (cm®) (SD)  p-value
3.81(1.21) 0.002
3.24 (1.03)

SD: standard deviation.
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words, the pediatric tonsillectomy is an operation characteris-
tic of widening the upper airway by reducing one of the static
elements, namely the soft tissue volume. With preoperative es-
timating of tonsil volume, a surgeon can predict how effective
will be the widening transection area of the upper airway. Until
now, a review of the subjective tonsil grade is most commonly
used as an evaluation tool by many physicians. However, low
pole of tonsils are obscured by tongue and deep buried portion
of tonsil, and therefore cannot be evaluated with tonsil grades. It
is difficult to reflect the difference in detail, because the tonsil
grade has only 4 distinguishable grades.

It is noted that in 45 patients (23.1%), a tonsil shadow was
invisible upon review. And in those cases, a real tonsil volume
was noted as being larger in the visible tonsil group than in the
invisible tonsil group. Proportionally, a small tonsil volume may
have narrow tonsillar width, inadequate to make distinct tonsil
shadow on skull lateral view. On the basis of this result, pediat-
ric OSA patients with invisible tonsil shadow may have a small
tonsil volume. In addition, it is shown in this case as 0.01 mSv
radiation exposure per one skull lateral view, and it only noted
0.79% of natural background radiation per year (1.26 mSv) [15].
The procurement of a skull lateral view is a relatively easy and
safe modality to the evaluation of the tonsil volume in pediat-
ric OSA patients, preoperatively.

There is debate about the correlation between subjective
tonsil size, tonsil volume and OSA severity in previous re-
searches. The Tang et al. [16] study reported that subjective
tonsil grade did not correlate with OSA severity in children,

10

Tonsil volume (cms3)

1 2 3 4 5 6 7
Tonsil shadow area (cm?)

Fig. 3. Scatter plot of the correlation analysis between the area of
tonsil shadowing and tonsil volume (r = 0.489, p < 0.001).

Table 3. Comparison of correlation analysis between tonsillar hypertrophy, tonsil shadowing area, and tonsil volume (n = 180)

Spearman correlation coeflicient p-value
PTH grade vs. tonsil volume 0.239 0.001
Area of tonsil shadow vs. tonsil volume 0.489 <0.001

PTH: palatine tonsillar hypertrophy.
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and the systematic review of the Nolan et al. [17] study also
concluded that the correlation between the identified subjec-
tive tonsil grade and OSA severity is considered to be statisti-
cally weak. On the other hand, Cahali et al. [18] reported that
the objective tonsil volume had a positive correlation with AHI
and the Epworth Sleepiness Scale in adult. In this relation, the
Jara et al. [19] reported that subjective tonsil grade is more
strongly correlated with OSA severity than real tonsil volume in
adults. By the same token, Verse et al. [20] reported that adult
OSA patients with substantial tonsillar hypertrophy showed
significant improvement even after receiving of the tonsillecto-
my procedure alone. Further studies regarding real tonsil vol-
ume, tonsil size and OSA severity in pediatric patients would be
needed.

As noted, there are several limitations to this study. First, this
was a retrospective study and we did not evaluate the improve-
ments of obstructive sleep apnea severity as associated with
preoperative and postoperative polysomnography. In this study,
the issue of adenoid vegetation, one of the main influencing fac-
tors for pediatric sleep apnea, was also not evaluated. Second,
we did not control for the incidence or condition of soft tissue
thickness, such as body mass index or neck circumference or
overlapping bony structures, like mandible, as noted on the ton-
sil shadow area. Incidentally, the presence of thick soft tissue and
bony structures can make the tonsil shadow vague, which makes
it difficult to delineate the tonsil shadow on the skull lateral view.
Lastly, there were 54 patients with invisible tonsil shadows, and
we could not evaluate the correlation between tonsil volume
and tonsil shadow in these patients.

In conclusion, the image of a tonsil shadow area as noted on
the skull lateral view radiographs tends to better reflect the ac-
tual tonsil volume than the subjective tonsil grading system;
therefore, the tonsil shadow area can be helpful for predicting
real tonsil volume preoperatively for pediatric patients with di-
agnosed sleep-disordered breathing. Further studies involving
tonsil shadows, other anatomic factors of sleep apnea, and se-
verity of sleep apnea would be needed to develop other suitable
options for patients with this condition.
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