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� RSNA, 2002

Ovoid Shape of the Vermiform
Appendix: A Criterion to
Exclude Acute Appendicitis—
Evaluation with US1

PURPOSE: To investigate whether the shape of the appendix in transverse section
may be considered an ultrasonographic (US) criterion to exclude or confirm acute
appendicitis.

MATERIALS AND METHODS: The shapes of appendices of 100 control subjects, of
174 patients with clinical suspicion of acute appendicitis but without acute appen-
dicitis, and of 108 patients with acute appendicitis were prospectively evaluated
with US. Definite diagnoses in patients with clinical suspicion of acute appendicitis
were established and confirmed either with surgery and histologic examination in
161 patients or with clinical follow-up in 121 patients. Statistical measures such as
sensitivity, specificity, positive and negative predictive values, and accuracy were
assessed for the appendiceal shape as a diagnostic US criterion for acute appendi-
citis.

RESULTS: An at least partly round appendix indicated acute appendicitis with a
sensitivity of 100%; specificity of 37%; positive and negative predictive values of 50%
and 100%, respectively; and accuracy of 61%. In 67 of 174 patients with clinical
suspicion of acute appendicitis but without acute appendicitis, the partly ovoid appen-
diceal shape aided in the exclusion of acute appendicitis, since it indicated a normal
appendix with a probability of 86%. In 65 of 174 patients with clinical suspicion of
acute appendicitis but without acute appendicitis, the ovoid shape over the entire
appendiceal length excluded acute appendicitis with confidence.

CONCLUSION: The shape of the appendix in transverse section is a useful US
criterion, since an ovoid shape over the entire appendiceal length reliably rules out
acute appendicitis.

� RSNA, 2002

At ultrasonography (US), the transverse section of the vermiform appendix appears either
round or ovoid. About 10 years ago, we observed that acutely inflamed appendices are
round in most cases and normal appendices are often ovoid. Before the present study was
initiated, we routinely used the appendiceal shape along with various other signs as an
additional diagnostic US criterion to exclude acute appendicitis. Literature research
showed only one publication that mentioned that normal appendices appear ovoid in the
transverse plane (1). However, we did not find publications using the appendiceal shape as
a diagnostic criterion to confirm or exclude acute appendicitis, nor were percentages of
occurrence given. Therefore, the purpose of our study was to prospectively evaluate
whether the shape of the appendix in transverse section may be considered a US criterion
to exclude or confirm acute appendicitis.

MATERIALS AND METHODS

Patient Population

In this prospective study, 484 individuals underwent US of the vermiform appendix.
Informed consent was obtained from each person, and the study was approved by the
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ethics committee at our hospital. The 484
individuals consisted of two groups: 147
control subjects and 337 patients clini-
cally suspected of having acute appendi-
citis.

Control subjects.—In 100 of 147 consec-
utive adult control subjects (age range,
26–82 years; mean age, 53 years), the US
investigators were able to visualize the
appendix and then prospectively assess
the shape of the appendiceal transverse
section in all US-depicted appendices.
The control subjects were part of an ab-
dominal US screening program, which
has been offered to inpatients as com-
mon practice, even to those patients
without clinical abdominal symptoms.
The selection criterion was that the pa-
tients did not exhibit any sign of abdom-
inal disease. In preparation for the gen-
eral screening investigation, the subjects
fasted overnight. At the end of the
screening investigation, we attempted to
detect the appendix at US within an ex-
amination time of 5–15 minutes.

Patients clinically suspected of having
acute appendicitis.—During the study pe-
riod of approximately 3 years, 337 of 355
consecutive patients with clinical suspi-
cion of acute appendicitis (age range,
7–97 years; mean age, 35 years) under-
went a diagnostic US investigation as
common practice. Eighteen of 355 pa-
tients underwent surgery without diag-
nostic imaging because they were admit-
ted during the night and had a clinical
presentation that was typical for acute
appendicitis. In 282 of 337 patients who
were clinically suspected of having acute
appendicitis, the investigators were able
to detect the appendix at US and then
prospectively assess the shape of the ap-
pendiceal transverse section.

Imaging Equipment

For US, commercially available equip-
ment, including a US unit with C4-2
MHz, L7-4 MHz, and L10-5 MHz trans-
ducers (HDI 3000; Advanced Technology
Laboratories, Bothell, Wash) and a US
unit with C5.0-3.5 MHz and L10.0-7.5
MHz transducers (AU4; Esaote, Florence,
Italy), were used. Four radiologists (T.R.,
A.H., P.M., N.G.) highly experienced in
gastrointestinal US performed all diag-
nostic examinations.

Image Evaluation

For the assessment of appendiceal
shapes at US, only appendiceal transverse
sections were used. For this purpose, the
smallest outer diameter, which is usually

the anteroposterior one, and the largest
outer diameter, which is usually perpen-
dicular to the smallest one, were assessed.
To measure outer appendiceal diameters,
electronic calipers were placed between
the outer borders of the hypoechoic tu-
nica muscularis. This was performed by
the investigating radiologist during the
US examination. The US images were
documented by using a multiformat
camera, and the results were noted in a
protocol immediately after imaging. An
appendiceal transverse section was inter-
preted as ovoid if the difference between
the smallest and largest diameters was
greater than 1 mm. Since a normal or
acutely inflamed appendix can have dif-
ferent diameters and shapes throughout its

length, several measurements of a given
appendix were performed and noted in a
protocol. In the case of a partially acutely
inflamed appendix, surgical and histologic
reports included information on which ap-
pendiceal portion was not affected by or
was less affected by inflammation. There-
fore, appendiceal shapes and surgical and
histologic results of different appendiceal
portions could be compared.

In obese patients, the increased dis-
tance between the US transducer and the
ileocecal region reduced the appendiceal
detection rate in our study by impairing
the image quality and by decreasing the
success rate of high-frequency US trans-
ducers. In addition, if the cecum was lo-
cated in the true pelvis or in an atypical

Figure 1. Normal appendix, ovoid shape. (a) US image shows the transverse section (arrows) of
the proximal portion of a normal vermiform appendix. The appendiceal cavity is empty, and the
shape appears ovoid. (b) US image shows the transverse section (arrows) of the distal portion of
the same appendix as in a. The appendiceal cavity contains gas, and the shape appears ovoid.

Figure 2. Normal appendix, round shape. (a) US image shows the transverse section (arrows) of
the proximal portion of a normal vermiform appendix. The appendiceal cavity is filled with feces
and air, and the shape appears round. (b) US image shows the transverse section (arrows) of the
distal portion of the same appendix as in a. The appendiceal cavity is filled with feces and air, and
the shape appears round.
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position, the appendiceal detection rate
was reduced. If the appendix was not de-
tectable and none of the above-men-
tioned reasons were present, we assumed
that the appendix was probably located
retrocecally. Therefore, we defined and
assessed three reasons for nondetectabil-
ity of the appendix at US as follows: obe-
sity, cecum located in the true pelvis or in
an atypical position, and appendix lo-
cated retrocecally. If an appendix was not
detectable at US in our study, the inves-
tigator had to identify one of the above
three reasons during the US investigation

and record it in a protocol immediately
after imaging.

Reference Standard

Of the 282 patients clinically suspected
of having acute appendicitis in whom
the appendix was depicted and evaluated
at US, 108 had acute appendicitis and
174 did not. The diagnosis in all 108 pa-
tients with acute appendicitis was con-
firmed at surgery and histologic exami-
nation. In the 174 patients without acute
appendicitis, diagnosis was confirmed at

surgery and histologic examination in 53
patients and at clinical follow-up in 121
patients. Clinical follow-up consisted of
symptom resolution during the hospital
stay and its confirmation by means of
telephone at least 8 weeks after hospital-
ization.

Statistical Analysis

Sensitivity, specificity, positive and
negative predictive values, and accuracy
were calculated by using 2 � 2 contin-
gency tables. These statistical measures
were assessed for a round shape over the
entire appendiceal length and for an at
least partly round appendix as a criterion
for acute appendicitis.

The Pearson �2 test was used to com-
pare the frequencies of the appendiceal
shapes between the control subjects, the
patients without acute appendicitis, and
those with acute appendicitis in pairs. P
values less than .05 were considered to
indicate a statistically significant differ-
ence.

Data analyses were performed with the
statistical software package SAS version
8.0 (SAS Institute, Cary, NC) for Win-
dows (Microsoft, Redmond, Wash).

RESULTS

In 37 (37%) of 100 control subjects, the
appendix was ovoid over the entire appen-
diceal length; in 30 subjects (30%), it was
round over the entire length; and in 33
subjects (33%), the appendix was both
ovoid and round, since it was not uniform
over the entire appendiceal length. In 65
(37%) of 174 patients with right lower-
quadrant pain without having acute ap-
pendicitis, the appendix was ovoid over its
entire length (Fig 1); in 42 patients without
acute appendicitis (24%), it was round over
the entire length (Fig 2); and in 67 patients
without acute appendicitis (39%), it was
both ovoid and round (Fig 3). The appen-
diceal shapes of acutely inflamed appendi-
ces were never only ovoid. They were only
round in 87 (81%) of 108 patients (Fig 4)
and were ovoid and round in 21 (19%) of
108 patients. Fifteen (71%) of 21 patients
with a partly ovoid acutely inflamed ap-
pendix had the ovoid shape in the proxi-
mal portion of the appendix, which was
not affected by (nine patients) or was less
affected by (six patients) the inflammation
at histologic examination. An overview re-
ferring to the proportion of appendiceal
shapes in control subjects and patients
with clinical suspicion of acute appendici-
tis who either had acute appendicitis or did
not is shown in Figure 5.

Figure 3. Normal appendix, ovoid and round shape. (a) US image shows the ovoid transverse
section (arrows and arrowheads) of the proximal portion of a normal appendix. The appendiceal
cavity is empty and collapsed. Appendiceal compressibility could not be demonstrated, since the
anteroposterior diameter (arrowheads) could not be decreased. (b) US image shows the longitu-
dinal section (arrows) of the proximal portion, which is located between the abdominal wall and
the psoas muscle, in the same appendix as in a. (c) US image shows the longitudinal section
(straight arrows) of the distal portion, which extends over the iliac artery (curved arrows) into the
true pelvis, in the same appendix as in a. (d) US image shows the transverse section (black arrows)
of the distal portion, which is located in the true pelvis, in the same appendix as in a. That part
of the appendix is filled with fluid and is round. Compressibility could not be demonstrated
because the appendix could not be compressed against a fixed anatomic structure. White arrow
indicates the right iliac artery.
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A round shape over the entire appen-
diceal length as a finding positive for
acute appendicitis had a sensitivity of
81% (87 of 108 patients); specificity of
76% (132 of 174 patients); positive and
negative predictive values of 67% (87 of
129 patients) and 86% (132 of 153 pa-
tients),respectively; and accuracy of 78%
(219 of 282 patients).

An at least partly round appendix as a
finding positive for acute appendicitis
had a sensitivity of 100% (108 of 108
patients); specificity of 37% (65 of 174
patients); positive and negative predic-
tive values of 50% (108 of 217 patients)
and 100% (65 of 65 patients), respective-
ly; and accuracy of 61% (173 of 282 pa-
tients).

There was a highly significant differ-
ence with regard to appendiceal shapes
between the control subjects and the pa-
tients with acute appendicitis, as well as
between the patients with clinical suspi-
cion of appendicitis without having
acute appendicitis and the patients with
acute appendicitis (P � .001). There was
no statistically significant difference be-
tween the control subjects and the pa-
tients with clinical suspicion of appendi-
citis without having acute appendicitis
(P � .51).

In 67 (39%) of 174 patients with right
lower-quadrant pain and without acute
appendicitis, the partly ovoid appen-
diceal shape (Fig 3) aided in the exclusion
of acute appendicitis, since it indicated a
normal appendix with a probability of
86%.

In 65 (37%) of 174 patients with right
lower-quadrant pain and without acute
appendicitis, the ovoid shape over the
entire appendiceal length (Fig 1) allowed

for the exclusion of acute appendicitis
with confidence (specificity, 100%).

In 100 of 147 control subjects, the ap-
pendix could be visualized with US (detec-
tion rate, 68%). The reasons and frequen-
cies of occurrence of nondetectability of
the appendix were as follows: obesity in 17
(36%) of 47 control subjects, cecum lo-
cated in the true pelvis or in an atypical
position in 14 control subjects (30%), and
appendix located retrocecally in 16 control
subjects (34%).

In 174 of 226 patients with clinical
suspicion of acute appendicitis but with-
out appendicitis, the appendix could be
visualized with US (detection rate, 77%).
The reasons for and frequencies of non-
detectability of the appendix were as fol-
lows: obesity in 21 (40%) of 52 patients,
cecum located in the true pelvis or in an
atypical position in 15 patients (29%),
and appendix located retrocecally in 16
patients (31%).

In 108 of 111 patients with acute ap-
pendicitis, the appendix could be visual-
ized with US (detection rate, 97%). One
patient was too obese to allow detection
of the appendix, and in the other two
patients, the reason for nondetectability
was the fact that the cecum was located
in the true pelvis.

DISCUSSION

To our knowledge, this is the first study
in which the shape of the appendiceal
transverse section was investigated as a

diagnostic US criterion to confirm or ex-
clude acute appendicitis.

Why should the appendix appear ei-
ther round or ovoid at the transverse sec-
tion? The vermiform appendix is a
wormlike gastrointestinal organ with a
cavity that is connected to the cecum.
The cavity can be either empty or filled
with gas and/or feces and/or fluid. In the
case of an empty appendiceal cavity, the
appendix is collapsed and the transverse
section tends to appear ovoid, whereas a
filled cavity results in a more rounded
appendiceal shape. At acute inflamma-
tion, all appendiceal wall layers are rap-
idly affected, and as a result, a marked
thickening of the appendiceal wall usu-
ally occurs. The wall thickening causes an
increase of the outer appendiceal diame-
ter and a rounding of the shape.

We regard it as important to emphasize
that the appendiceal shape as a diagnos-
tic US sign as described in the present
study is not the same as appendiceal
compressibility, which is an important
and established US criterion. The appen-
diceal compressibility can be defined as a
noticeable shortening of the anteroposte-
rior appendiceal diameter during applica-
tion of moderate pressure with the US
transducer. From a practical point of
view, the compressibility can be proved
on the appendiceal transverse section,
which changes its shape from round to
ovoid or from ovoid to a more pro-
nounced ovoid shape. Most US studies
used this sign as an important criterion,

Figure 4. Acute appendicitis, round shape.
US image shows the transverse section (arrow-
heads) of an acutely inflamed appendix that
appears round.

Figure 5. Graph illustrates the proportion of appendiceal shapes.
Horizontally striped areas are for appendices that are ovoid over their
entire length. Diagonally striped areas are for appendices that are
partly ovoid and partly round. White areas are for appendices that are
round over their entire length. Column A represents 100 control
subjects; column B, 174 patients with clinical suspicion of acute
appendicitis without having acute appendicitis; and column C, 108
patients with acute appendicitis. Each patient group is 100%.
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usually in addition to one or several
other criteria (1–22). However, our search
found no study in the literature that gave
percentages of occurrence in normal and
acutely inflamed appendices, which would
allow for the evaluation of this criterion.
One reason for this is certainly that this
US sign was introduced in the late 1980s.
At that time, the normal appendix was
not or was seldom detectable at US (21–
26), thus preventing the evaluation of
this criterion in normal appendices.
Therefore, the sign of appendiceal com-
pressibility was predominantly based on
the observation that an acutely inflamed
appendix is not usually compressible
during application of moderate pressure
with the US transducer. This is in accor-
dance with our observations. However,
we also observed that normal appendices
are often not compressible or that the
compressibility cannot be proved.

For example, the proximal portion or
the whole length of the appendix is often
located between the abdominal wall and
the psoas muscle. In this position, the
appendiceal cavity is often empty and
the transverse section ovoid, even with-
out applying any pressure with the US
transducer to the abdominal wall. In this
case, the compressibility cannot be
proved, since the cavity is collapsed and
the anteroposterior appendiceal diameter
cannot be further decreased during com-
pression. The distal portion of the appen-
dix often extends over the iliac vessels
into the true pelvis, and in that position,
the normal appendiceal cavity is often
filled with gas and/or feces and/or fluid
and therefore is round. The compressibil-
ity in that position usually cannot be
proved, since the appendix cannot be
compressed against a fixed anatomic
structure. In addition, a normal appendix
can be so movable that it tends to disap-
pear out of the field of view before com-
pressibility can be demonstrated. We
agree that the compressibility is an im-
portant US criterion. If it is detectable,
which is infrequently the case in our ex-
perience, acute appendicitis can be ex-
cluded with high probability. Because of
the limitations of the appendiceal com-
pressibility as a US criterion to exclude
acute appendicitis, we believe the appen-
diceal shape is a useful additional US sign
in our experience. We have used it suc-
cessfully in everyday practice at our hos-
pital for about 10 years.

The discrepancy between the fact that
appendiceal compressibility was one of
the most frequently used US criteria in
the literature, while none of the investi-
gators studied the frequency of occur-

rence of compressibility in normal and
acutely inflamed appendices (1–22), and
our above-mentioned observation about
the limitations of the compressibility led
us to assume that several of the studies
used both appendiceal compressibility
and appendiceal shape as diagnostic cri-
teria.

For the present study, both control
subjects and patients with clinical suspi-
cion of acute appendicitis without hav-
ing acute appendicitis were included.
Thus, we were able to study whether the
appendiceal appearance in the control
subjects and that in the patients with
right lower-quadrant pain but without
evidence of appendicitis resembled one
another. For example, inflammatory pro-
cesses located near the appendix can
cause a concomitant appendiceal reac-
tion, thus changing the appendiceal ap-
pearance at cross-sectional imaging (27,
authors’ observation). In addition, the
study group of patients with clinical sus-
picion of acute appendicitis without evi-
dence of acute appendicitis may contain
some patients with spontaneously resolv-
ing appendicitis (9,28).

The results of our study showed that
there was no statistically significant dif-
ference between the control subjects and
the patients without appendicitis. For the
calculations of sensitivity, specificity,
positive and negative predictive values,
and accuracy, only patients with clinical
suspicion of appendicitis were consid-
ered, since the comparison with control
subjects was considered clinically less rel-
evant.

The results of our study showed that a
partly or entirely round appendix indi-
cated acute appendicitis with a high sen-
sitivity of 100% or 81% but with a mark-
edly low specificity of 37% or 76%.
Therefore, the round appendiceal shape
should not be considered a reliable crite-
rion for acute appendicitis. However, the
ovoid appendiceal shape was a reliable
US sign to exclude appendicitis. The de-
tection of a partly ovoid appendix indi-
cated a normal appendix with a probabil-
ity of 86%, and an ovoid shape over the
entire appendiceal length indicated a
normal appendix with a probability of
100%. Therefore, the most relevant result
of our study was that the US depiction of
an ovoid shape over the entire length of
the appendix reliably ruled out acute ap-
pendicitis.

Why should an additional US criterion
be welcome? Today, as a consequence of
high cross-sectional imaging detection
rates of normal appendices, it is diagnosti-
cally decisive to recognize an appendix as

acutely inflamed or normal, whereas pre-
viously, normal appendices were rarely
detectable. None of the established US cri-
teria to differentiate between acutely in-
flamed and normal appendices have both
sufficiently high sensitivity and specificity
(8,11,29–33). Therefore, the US diagnosis
should be based on several criteria simulta-
neously. These US criteria should consist of
the outer appendiceal diameter, appen-
diceal compressibility, location of the
point of tenderness, hyperechoic periap-
pendiceal inflamed fatty tissue, appen-
diceal shape, gas in the appendiceal lumen,
blood flow in the appendiceal wall de-
tected at color Doppler US, and appendico-
liths (8,11,21,29–34).

Can we expect the appendiceal shape to
become a criterion for other cross-sectional
imaging modalities like computed tomog-
raphy (CT) or magnetic resonance (MR)
imaging, as well? The unpredictable and
often tortuous appendiceal course requires
an imaging modality with the ability to
effortlessly change scanning planes. US is
the ideal imaging modality to gain exact
transverse planes with minimal time con-
sumption, whereas for CT or MR imaging
the calculation of exact transverse planes
along a unpredictable and tortuous axis
would be cumbersome. Similar consider-
ations also would be applicable for appen-
diceal compressibility.

It may be assumed that the obesity of
the population markedly reduces the use-
fulness of diagnostic US if acute appendi-
citis is clinically suspected. Therefore, it
is noteworthy that obesity was the reason
for nondetectability of the appendix in
only 9% (21 of 226) of patients without
appendicitis and in only 1% (one of 111)
of patients with appendicitis in our
study, even though a considerable pro-
portion of the Austrian population is
obese. Other important reasons for non-
detectability of the appendix were the
location of the cecum in the true pelvis,
an atypically located cecum, and the ap-
pendix located retrocecally.

In conclusion, an ovoid shape over the
entire length of the vermiform appendix
is a useful US criterion, since it helps to
reliably rule out acute appendicitis.
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