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Abstract

BACKGROUND

The appendix vermiformis is a part of the gastrointestinal tract, situated in the
lower right quadrant of the abdomen. Acute appendicitis, acute inflammation of
the appendix vermiformis, is the most common cause of acute abdomen requiring
surgical intervention. Although computed tomography (CT) offers high diagno-
stic efficacy in assessing the appendix across various anatomical positions, it also
involves radiation exposure. Reducing exposure factors and narrowing the field
of view (FOV) are ways to decrease the radiation dose to the patient. To narrow
the FOV, appendix locations within the population must be defined using metric
markers.

AIM
To determine the location of the appendix vermiformis on CT using the vertebrae
and the right iliac bone as anatomical landmarks.

METHODS

This retrospective study examined 470 patients presenting with abdominal pain
who underwent abdominal CT scans between January 01, 2015 and January 01,
2018. Forty-three patients were excluded due to various reasons. The most supe-
rior and inferior points and the origin of the appendix were measured separately
in relation to the vertebrae and right iliac bone for localization. The population
was divided into normal and acute appendicitis groups, and the relationship
between appendix location and anthropometric parameters relationship was
examined. P values below 0.05 were considered statistically significant.

RESULTS
The final analysis included 427 adult patients (206 females and 221 males) with a
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mean age of 42.1 + 19.5 years. An ascending appendix course was the most common (90.4%). The appendix ranged
from the L2 vertebral body level to the coccygeal vertebral level relative to the vertebrae. The appendix ranged
between () 140.5 mm and (+) 87.4 mm relative to the right iliac bone. A negative correlation was found between
patient age, height, body mass index, and the highest and lowest points of the appendix in regard to the vertebrae.

CONCLUSION

The study’s findings unveiled the locations of the appendix in the population in relation to the bony anatomical
landmarks. These data can be used as the basis for future research aimed at reducing patient exposure to ionizing
radiation.

Key Words: Appendix; Computerized tomography; Vertebrae; lonizing radiation; [lium

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: It is important to determine the location of the appendix vermiformis in the population using anatomical reference
points. Therefore, when there is a suspicion of acute appendicitis and computed tomography is required, the field of view
can be adjusted accordingly, potentially reducing the radiation dose given to the patient. Utilizing bony structures as refe-
rences may offer some advantages. In particular, using the iliac bone as a reference, as opposed to the vertebrae, appears to
be a more efficient approach because it is not affected by variables such as age, sex, and body mass index.

Citation: Ozturk MO, Resorlu M, Aydin S, Memis KB. Use of the vertebrae and iliac bone as references for localizing the appendix
vermiformis in computed tomography. World J Radiol 2024; 16(11): 629-637
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INTRODUCTION

The appendix vermiformis is a part of the gastrointestinal tract and is located in the lower right quadrant of the abdomen.
It has a worm-like appearance and originates from the posteromedial wall of the cecum in embryological life, around 2
cm below the terminal ileum[1,2]. The length of the appendix varies between 2 and 20 cm, with an average of 9 cm[1-3].

Atypical positions of the cecum and appendix may be encountered[4]. The relationship between the base of the
appendix and the cecum is consistent in terms of location. However, the distal end of the appendix can be found in
various locations, such as retrocecal, subcecal, pelvic, preileal, retroileal, right paracolic, promontoric, or subhepatic areas.
These variations play an important role in the pain localization of acute appendicitis[5,6]. In Wakeley’s postmortem study
of 10000 cases, the frequencies of appendix localization were as follows: Retrocecal 65.3%, pelvic 31%, subcecal 2.3%, and
preileal 1%[7]. However, other studies have found the most common position of the appendix to be pelvic[5,8].

Acute appendicitis, the acute inflammation of the appendix vermiformis, is the most common cause of acute abdomen
requiring surgical treatment[9,10]. It is most commonly observed in adolescents and young adults and peaks in the
second and third decades of life[11]. It usually starts with mild periumbilical visceral pain, which shifts to the right lower
quadrant approximately 8 hours after onset. Atypical pain progression and localization can sometimes occur. Radio-
logical imaging modalities are frequently used in the diagnosis of acute appendicitis[12].

The radiological imaging methods used in the diagnosis of acute appendicitis are ultrasonography (US), computed
tomography (CT), and, rarely, magnetic resonance imaging[13]. US is usually the first modality used and may be useful
in diagnosis; however, it has disadvantages, as its accuracy is highly dependent on patient, device, and operator-related
factors[13,14]. In contrast, CT is independent of these factors and maintains diagnostic efficacy in patients with variable
appendix positions. Furthermore, severe pain is not a limiting factor for CT scans, allowing for the evaluation of other
pathologies in the differential diagnosis of acute appendicitis. The main disadvantages of CT are exposure to ionizing
radiation and nephrotoxic and allergic effects associated with contrast media[15].

Obtaining diagnostically adequate images with minimal radiation exposure forms the basis of the “As Low as
Reasonably Achievable (ALARA)” principle[16]. Dose modulation, kilovoltage peak adjustments, and reduction of the
imaging area are some of the methods that can help reduce radiation exposure during CT scans[17]. Several studies have
investigated the effectiveness of low-dose CT for diagnosing acute appendicitis by reducing exposure factors. In the study
by Keyzer et al[18], which compared low-dose and standard-dose CT for diagnosing acute appendicitis, no difference was
observed in appendix visibility or diagnostic accuracy. Similarly, Fefferman et al[19] found no significant difference
between standard-dose and low-dose CT techniques. In another study, Sippola ef al[20] found that a low-dose protocol
showed no significant difference in diagnostic accuracy compared to the standard protocol, with a significant reduction in
the mean effective radiation dose between the two techniques. These studies highlight the unnecessary dose burden
associated with CT scans performed to avoid unnecessary appendectomies. In the aforementioned studies, radiation
doses were lowered by adjusting exposure parameters, and the results were compared with standard-dose images[18-
20]. To further minimize radiation exposure, we recommend narrowing the field of view (FOV) to prevent unnecessary
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radiation exposure to the patient. This can only be accomplished by using metric markers to accurately locate the
appendix in the population. Our study aimed to define the location of the appendix vermiformis using these metric
markers.

MATERIALS AND METHODS

Patients who presented to the emergency department with abdominal pain and underwent non-contrast or contrast-
enhanced abdominal CT between January 01, 2015 and January 01, 2018, were included in this retrospective study. This
study was approved by the institutional ethics committee (No. 2011-KAEK-27/2019-E.1900162336) and carried out in
compliance with the principles outlined in the Declaration of Helsinki. The requirement for informed consent was waived
by the ethics committee, as all patient identification information was removed after data were collected and analyzed.

Clinical data and images of 470 randomly chosen patients who presented to the emergency department with abdo-
minal pain and underwent intravenous contrast-enhanced or non-contrast abdominal CT scans were evaluated. The
study excluded patients (1 = 43) whose vermiform appendix could not be distinctly visualized, those with situs inversus
and rotational anomalies, and individuals with a prior history of intra-abdominal surgery (including appendectomy and
other intra-abdominal procedures). Localization and measurements were conducted in a single session by a single
radiologist with 7 years of experience.

All abdominal CT studies were conducted using a 64-detector multidetector CT scanner. The CT acquisition para-
meters were as follows: Tube voltage of 120 kV, automatic tube current modulation, collimation thickness of 0.5-2 mm,
tube rotation time of 0.5-1 s, slice thickness of 3 mm, and reconstruction intervals of 1.5 mm. The routine FOV of the
abdominal CT scan extended from the dome of the diaphragm superiorly to the ischial tuberosities inferiorly. Iopromide
300 mg/mL was administered at a dose of 1 mL/kg to patients undergoing contrast-enhanced CT.

To objectively determine the location of the appendix in the population included in the study, we used the vertebrae
and the highest point of the right iliac bone as anatomical landmarks. The superior and inferior points of the appendix
were identified separately relative to the vertebrae for population-based localization. In addition, the superior point,
inferior point, and origin of the appendix were measured separately in relation to the right iliac bone. In this context, the
superior point of the appendix is labeled as “ApA,” the inferior point is labeled “ApB,” and the appendiceal origin is
labeled “Ap0.” For measurements using the vertebrae and the right iliac bone as references, the population was divided
into two groups: Normal appendix and acute appendicitis.

To determine the location of the appendix using the vertebrae as reference points, initially, the locations of the
appendix’s superior and inferior points along its course were found and marked on axial CT images. Then, these points
were located on thick coronal and sagittal multiplanar reformatted images to determine their respective vertebral levels.
We grouped the vertebral levels for appendix localization as follows: L1 & L1-L2 intervertebral joint; L2 & L2-L3 interver-
tebral joint; L3 & L3-L4 intervertebral joint; L4 & L4-L5 intervertebral joint; L5 & L5-S1 intervertebral joint; and S1, S2, S3,
S4, S5, and coccygeal vertebrae. The technique for determining appendix location using vertebral references is illustrated
in Figure 1.

We also used the iliac bone as a reference to determine the location of the appendix with a more quantitative method.
For this purpose, we found and marked the lowest, and highest points, and origin of the appendix on axial CT images.
We then measured the distance in millimeters between these marked appendix points on coronal reformatted images and
the highest point of the right iliac bone using maximume-intensity projection images. If the marked appendix points were
superior to the highest point of the right iliac bone, the measurement was expressed as a positive (+) value, and if more
inferior, the measurement was expressed as a negative (—) value in millimeters. Figure 2 illustrates how the appendix was
localized in reference to the right iliac bone.

The course of the appendix was also investigated in the study population. Appendix vermiformis was classified as
“ascending” when it ended up higher than its point of origin and “descending” when it ended up lower than its point of
origin. The relationship between appendix location and some anthropometric parameters like height, weight, and body
mass index (BMI) was also investigated; BMI was calculated using the formula: Weight/height? (kg/m?). Age and sex
data were also collected.

Data were analyzed using SPSS version 20.0 (IBM Corp., Armonk, NY, United States). The distribution of the data was
examined for normality using the Kolmogorov-Smirnov test. Numerical data following a normal distribution were
presented as mean * standard deviation, while categorical data were shown as numbers and percentages [1 (%)]. The y?
test was used to compare percentages between the acute appendicitis and normal appendix groups. The mean values of
ApO, ApA, and ApB were compared between male and female patients, as well as between the acute appendicitis and
normal appendix groups, using Student’s f-test. Pearson correlation analysis was used to examine potential correlations
between ApA and ApB values and anthropometric characteristics (weight, height, and BMI) and age. A P value less than
0.05 was considered statistically significant.

RESULTS

The final analysis comprised 427 patients, of which 206 (48.2%) were female and 221 (51.8%) were male. The mean patient
age was 42.1 + 19.5 (range: 18-90) years. Of the 427 CT scans, 200 (46.8%) were performed with intravenous contrast
media administration, and 227 (53.2%) were performed without contrast media. The mean BMI was 25.6 kg/m? * 6.4
(range: 16.8-40.5) kg/m?2.
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Figure 1 Determining the localization of the highest point of the appendix using the vertebrae as a reference. A: The highest point of the
appendix vermiformis is detected (orange arrow) on axial images; B: Subsequently, the highest point is verified on coronal images (orange arrow); C: The highest
point (orange arrow) is marked on axial images with reference lines; D and E: The vertebral level of the marked point is determined using coronal and sagittal thick
multiplanar reconstruction images, respectively, with bone window settings. Subsequently, the same assessment is conducted to identify the lowest point of the
appendix. L: Lumbar vertebra; S: Sacral vertebra.

Acute appendicitis was diagnosed on CT in 68 (15.9%) patients, and the diagnosis was subsequently confirmed in
surgical specimens. In 359 (84.1%) patients, the appendix appeared normal on CT, and clinical follow-up confirmed the
absence of acute appendicitis. In the overwhelming majority of patients (n = 325) who were clinically confirmed not to
have acute appendicitis, abdominal pain resolved spontaneously or with simple analgesics. In the remaining patients (n =
34), a combination of clinical and CT findings led to alternative diagnoses of omental infarction (n = 2), sigmoid diver-
ticulitis (n = 5), epiploic appendagitis (n = 7), sigmoid volvulus (1 = 2), mesenteric panniculitis (n = 5), acute cholecystitis
(n = 5), inflammatory-infectious bowel disease (1 = 6), and ischemic bowel disease (1 = 2).

The appendix had an ascending course in the majority of patients, both with and without acute appendicitis (89.7% and
90.5%, respectively). There was no statistically significant difference in the course of the appendix between the normal
appendix and acute appendicitis groups (P = 0.41). The numbers and percentages of ascending and descending appendix
courses for the overall population, the appendicitis group, and the normal appendix group are displayed in Table 1.

Measurements of the appendiceal origin (Ap0), the highest point of the appendix (ApA), and the lowest point of the
appendix (ApB) were made in relation to the highest point of the right iliac bone in the normal appendix group, acute
appendicitis group, and the overall population (n = 427). The mean * SD, minimum, and maximum values for these
measurements in each group are shown in Table 2. No statistically significant difference was found between the acute
appendicitis and normal appendix groups in the ApB location relative to the right iliac bone (P = 0.19). However, a
significant difference was found between these groups in the Ap0 and ApA locations relative to the right iliac bone (P =
0.04 and P = 0.04; respectively).

No significant statistical difference was found between male and female patients in the measurements of ApA and ApB
in relation to the right iliac bone (P = 0.08 and P = 0.21, respectively). However, a significant difference was found
between male and female patients in the measurements of Ap0 in relation to the right iliac bone (P = 0.03). The mean
values of Ap0, ApA, and ApB relative to the right iliac bone for male and female patients are shown in Table 3.

In the normal appendix population, ApA ranged from the L2 vertebral body to the coccygeal vertebrae, while in the
acute appendicitis population, ApA ranged from the L2 vertebra to the S3-54 intervertebral joint. In the normal appendix
population, ApB ranged from the L2 vertebral body to the coccygeal vertebrae, and in the acute appendicitis population,
ApB ranged from the L4 vertebral body to the coccygeal vertebrae. ApA was most commonly found at the L5 and L5-51
intervertebral joint level (34.4%), while ApB was most commonly found at the S1 vertebral body level (22.5%). No
significant difference was found between the acute appendicitis group and the normal appendix group in the localization
of ApA and ApB relative to the vertebrae (P = 0.19). ApA was located at or below the level of the L3 vertebra in all pa-
tients with acute appendicitis.

The numbers and percentages of ApA and ApB localizations in relation to the vertebrae are shown in Table 4.
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Table 1 Courses of the appendix in the overall population, acute appendicitis group, and normal appendix group, n (%)

Groups Ascending Descending Total
Acute appendicitis 61 (89.7) 7 (10.3) 68 (15.9)
Normal appendix 325 (90.5) 34 (9.5) 359 (84.1)
Total 386 (90.4) 41 (9.6) 427 (100)

Table 2 Minimum, maximum, and mean * standard deviation of appendix location in relation to the right iliac bone in the overall

population, acute appendicitis group, and normal appendix group, mm

S Ap0 (origin) :\:; g:jig(l;est point of the Ia\::eg:;r;()est point of the

Acute appendicitis group (1 = 68) () 341£29.1; (-) 100.8 — (+) 442 (=) 17.1£27.8; (-) 84.8 — (+) 48.3 (-) 60.9 £ 27.9; (-) 121.6 — (+) 39.1
Normal appendix group (1 = 359) (1) 423 £31.5; (1) 126.0 - (+) 40.1  (-) 24.2£34.1; (-) 126.0 - (+) 874 (-) 59.8 +30.2; (=) 140.5 — (+) 44.1
Total (n = 427) (-)41.0 £32.7; (-) 126.0 - (+) 442 (=) 23.0 £30.8; (-) 126.0 — (+) 87.4 (-) 60.0 £ 30.2; (=) 140.5 — (+) 44.1

No statistically significant difference was found between the acute appendicitis and normal appendix groups in ApB location relative to the right iliac bone
(P =0.19). Significant difference was found between the acute appendicitis and normal appendix groups in Ap0 and ApA locations relative to the right iliac
bone (P = 0.04 and P = 0.04; respectively).

Table 3 Ap0, ApA, and ApB relative to the highest point of the right iliac bone in male and female patients, mm

Sex Ap0 (mean * SD) ApA (mean * SD) ApB (mean * SD)
Female (1 = 206) () 48.1£30.0 () 26.2£30.4 (-) 604 £31.1
Male (1 = 221) (-)343£29.7 (-)20.0£29.8 () 59.6 £30.8
Total (n = 427) (-)41.0£32.7 (-)23.0£30.8 (-) 60.0 £30.2

No significant statistical difference was found between male and female patients in the measurements of ApA and ApB relative to the right iliac bone (P =
0.08 and P = 0.21; respectively). A significant difference was found between male and female patients in the measurements of Ap0 relative to the right iliac
bone (P =0.03).

Table 4 ApA and ApB localizations relative to the vertebrae in the overall population, n (%)

Vertebral levels ApA ApB
L1& L1-L2 intervertebral joint distance 0(0) 0 (0)
L2& L2-L3 intervertebral joint distance 8 (1.9) 1(0.2)
L3& L3-L4 intervertebral joint distance 29 (6.8) 2(0.5)
L4 & L4-L5 intervertebral joint distance 88 (20.6) 20 (4.7)
L5 & L5-S1 intervertebral joint distance 147 (34.4) 81 (19.0)
S1 vertebra 95 (22.2) 96 (22.5)
S2 vertebra 34 (8.0) 81 (19.0)
S3 vertebra 19 (4.4) 66 (15.5)
S4 vertebra 4(0.9) 56 (13.1)
S5 vertebra & coccygeal vertebrae 3(0.7) 24 (5.6)

L: Lumbar vertebra; S: Sacral vertebra.
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Figure 2 Determining the localization of the highest point of the appendix using the right iliac bone as a reference. A: The highest point of the
appendix vermiformis is detected (orange arrow) on axial images; B: The highest point is verified on coronal images (orange arrow); C: The highest point (orange
arrow) is marked on axial images with reference lines; D: The distance between this designated point and the highest point of the right iliac bone is measured using
the thick coronal multiplanar reconstruction images in the bone window. The distance is measured from the point where the horizontal line intersects with the highest
point of the right iliac bone. If the designated point is situated above the highest point of the right iliac bone, it is denoted as positive (+), and if it is positioned below, it
is denoted as negative (-), with measurements in mm. In this patient, the highest point of the appendix was localized at -33 mm relative to the highest point of the
right iliac bone. Subsequently, using the same technique, the origin and lowest points of the appendix vermiformis were determined. L: Lumbar vertebra; S: Sacral
vertebra.

A weak negative correlation was found between patient age, height, BMI, and the vertebral levels of ApA and ApB. No
correlation was found between patient age, height, BMI, and the position of ApA and ApB relative to the right iliac bone.
The P and R values are shown in Table 5.

DISCUSSION

Our aim in the study was to define the location of the appendix vermiformis using metric markers. In order to determine
the appendix’s location, we used the vertebrae and the right iliac bone as references. By using these references, we
examined the frequency and variability of appendix locations, examining associations with anthropometric parameters
and the presence of acute appendicitis. We found a weak negative correlation between anthropometric parameters and
the location of the uppermost (ApA) and lowermost (ApB) points of the appendix relative to the vertebrae; however, no
correlation was found between anthropometric parameters and the location of the uppermost (ApA) and lowermost
(ApB) points of the appendix relative to the right iliac bone. No significant difference was found between male and
female patients in the localization of ApA and ApB in relation to the right iliac bone.

The need for medical imaging is growing faster than in the majority of other healthcare-related fields[21]. Today's
clinicians have become increasingly dependent on imaging to confirm their clinical judgments before planning the
management of acute abdominal conditions, including acute appendicitis. CT scan usage has risen sharply in the last two
decades because of its reported higher accuracy compared to US for diagnosing acute appendicitis. As a result, many
institutions now prefer CT as the primary imaging modality in suspected cases of acute appendicitis[22].

A consensus known as ALARA has been established in radiological practice to restrict the amount of radiation that
patients are exposed to, with broad and well-founded support[23]. Reducing the FOV is one approach to decreasing
radiation exposure. Therefore, it is important to know the radiological location of the appendix in the population[24].

The scientific literature contains studies that investigate the visibility rates of appendix vermiformis[25,26], various
positions of the appendiceal tip (such as retrocecal or pelvic)[25,26], and uncommon locations of the appendix ver-
miformis[27] on CT. However, to our knowledge, only one other study in the literature has used bony structures as a
reference for appendix localization on CT. In their study, Davis et al[28] localized the highest point of the appendix in
reference to the vertebrae in a pediatric population. Our study helps to fill this gap by providing similar data for the adult
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Table 5 Relationship between anthropometric measurements and the locations of ApA and ApB relative to the vertebrae and the right

iliac bone

Appendix locations Age Height BMI

Relative to the vertebrae ApA P=0.007/R =-0.13 P =0.006/R =-0.13 P =0.044/R = -0.09
ApB P =0.028/R = -0.10 P =0.007/R = -0.13 P=0.01/R = -0.12

Relative to the right iliac bone ApA P=0.33/R=-0.12 P=0.19/R=-0.10 P=0.12/R =-0.08
ApB P=047/R =-0.09 P=053/R=-0.13 P=023/R=-0.14

The relationship between anthropometric measurements and the locations of the appendix relative to the vertebrae and right iliac bone is demonstrated
with P and R values. BMI: Body mass index.

population.

In our study, the appendix was found to have an ascending course most frequently in the acute appendicitis group, the
normal appendix group, and the overall population (89.7%, 90.5%, and 90.4%, respectively). To the best of our
knowledge, this is the first study to use radiological techniques to assess whether the appendix is ascending or
descending in its course. Also, this is the first publication to examine the impact of acute appendicitis on the course of the
appendix, with no significant difference found between the acute appendicitis and normal appendix groups.
Understanding whether the appendix is positioned in an upward (ascending) or downward (descending) direction in the
majority of the population can provide valuable guidance for surgical procedures.

To our knowledge, no previous study has determined the location of the appendix relative to the iliac bone in the
population. In our study, the appendix was observed between (=) 140.5 mm and (+) 87.4 mm relative to the highest point
of the right iliac bone. A significant difference was found between the acute appendicitis and normal appendix groups in
the Ap0 and ApA locations relative to the right iliac bone, and the appendix was located more superiorly in the acute
appendicitis group compared to the normal appendix group. This finding suggests that the appendix tends to be in a
more upright position when inflamed. We also investigated the relationship between appendix localization and anthro-
pometric parameters and found that measurements based on the right iliac bone did not vary with these parameters, thus
supporting the iliac bone as a reliable reference point.

We were the first to use vertebrae as a reference for locating the appendix in the adult population. Davis et al[28]
localized the highest point in the course of the appendix (expressed as ApA in our study) in the pediatric population, also
using the vertebrae as a reference. Although their study was conducted in the pediatric population, they found ApA most
frequently in the L5 vertebral level, as in our study. We found that ApA was located at or below the L3 vertebra in all
patients with appendicitis, aligning with the findings of Davis et al[28]. In our study, the location of the appendix relative
to the spine was inversely correlated with patient height, age, and BMI.

We localized the appendix relative to both the vertebrae and the right iliac bone in the population, creating a controlled
trial within itself because it involves two distinct anatomical measurements. While there was variability in localization of
the appendix relative to the vertebrae with age, height, and BMI, no variability was detected with these parameters
according to the right iliac bone. This shows that the right iliac bone may be a more reliable reference point in de-
termining appendix localization in the population. When localization was assessed relative to the vertebrae, no significant
difference was detected between the acute appendicitis and normal appendix groups. However, when localized relative
to the right iliac bone, Ap0 and ApA were significantly more superior in the acute appendicitis group compared to the
normal appendix group, indicating that inflammation causes the appendix to become more erect. The vertebral body
heights may conceal minute locational variations, which explains why the vertebral level does not alter much in cases of
acute appendicitis.

Our study has some limitations. As with all retrospective and cross-sectional studies, an increase in sample size could
alter the results. We conducted a single-center study, and all measurements were conducted by a single radiologist in a
single session; therefore, intra- and interobserver variability could not be evaluated. Moreover, since the pediatric
population was not included, we were unable to compare findings between adult and pediatric groups. Another
limitation was the lack of intraoperative measurements to validate our results, as all measurements relied solely on CT
images.

CONCLUSION

The highest point of the appendix was most frequently located at the L5 & L5-S1 intervertebral joint (34.4%), while the
lowest point was most frequently found at the S1 vertebra level (22.5%). Relative to the right iliac bone, the origin, highest
point, and lowest point of the appendix measured (=) 41.0 £ 32.7 mm, (=) 23.0 + 30.8 mm, and (=) 60.0 £ 30.2 mm;
respectively. While localization analyses based on vertebrae varied according to anthropometric variables, those based on
the right iliac bone showed no variability. These findings provide a basis for future studies aimed at reducing ionizing
radiation exposure.
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