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Abstract
Background: The aortic knob (AK) is an essential feature on a chest x-ray. It could be the first sign of a cardiovascular 

problem if there is any deformation or enlargement of the knob. This study aimed to measure the normal AK diameter (AKD) on 
a posteroanterior chest radiograph in healthy adult Sudanese.

Methods and Results: The study was conducted in the Department of Radiology and Imaging in Ribat Hospital (Sudan) 
between Jun 2019 and Jan 2020. A total of 113 participants of both sexes (45.1% males and 54.9% females) with a normal chest 
x-ray and no history of diabetes, blood hypertension, cardiovascular disease, or skeletal abnormality were selected. Participants’ 
age fluctuated from 18 to 75 years. The measurements (AK, heart diameter [HD], cardiothoracic ratio [CTR]) were carried out 
with the measuring tools available on the software of the computed radiography system. The mean AKD was 2.8±0.8 cm (2.94±0.8 
cm in males and 2.51±0.77 cm in females, P=0.005)). The mean HD was 9.22±2.8 cm (9.8±3.3 cm in males and 8.7±0.2.1 cm 
in females, P=0.005). The mean CTR was estimated as 46.6±7.7% with a significant difference between males and females and 
significantly correlated with HD and BMI (P<0.05). The AKD increased by 0.0199 cm with an increase of one year of age (AKD 
= 0.0199(age)+1.9469), and there was a strong positive correlation between age and AKD (P<0.001).

Conclusion: The study found a significant positive correlation between age and AKD. Increased heart sizes increase AKD. 
The AKD value is greater in males than in females.(International Journal of Biomedicine. 2022;12(4):570-574.).
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Introduction
Human physical variability has been a subject of 

great interest for scientists for a long time using a scientific 
technique for measuring the proportions of the human body 
that has evolved; this technique is known as anthropometry. 
The examination of anthropometric parameters is critical in 
resolving identification and pathology issues.(1) In medicine, 

measuring normal parts and organs is used as an index to 
assess pathology or for manufacturing medical devices to 
harmonize the bodies of patients. 

Chest radiography with a posteroanterior view is 
one of the most significant studies; it is the primary line of 
investigation for many disorders. As a result, it is one of 
the most common inquiries in our daily work because it is 
the commonest imaging modality of the heart;(2) due to its 
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affordability and simplicity, it is most readily used. Physicians 
must understand how to evaluate basic chest radiographic 
results and summarize them. Before reading and diagnosing 
abnormalities,(3) the normal appearances, sizes/measurements, 
and variances in a chest radiograph must be familiar to 
physicians.

The aortic knob (AK), or aortic knuckle, is an 
essential feature on a chest x-ray. It could be the first sign 
of a cardiovascular problem(4,5) if there is any deformation 
or enlargement of the knob.(4) The left border of the cardiac 
silhouette on the posteroanterior (PA) chest radiograph is 
composed of a series of convex arcs. The AK, often known as 
the knuckle, is one of them; it is not a particular anatomical 
structure, although it does symbolize the aortic arch’s distal end.
(2) Plain radiography, computed tomography, echocardiography, 
magnetic resonance imaging, and radionuclide imaging can be 
used to determine the AK.(4) It can be expanded as a result of 
increased pressure flow in the aorta or changes in the elasticity of 
its wall, such as in systemic hypertension, medial cystic necrosis 
of the aorta, or aortic dissection, as well as atherosclerosis. The 
prominence of the AK is also seen in some instances of aortic 
stenosis (post stenotic dilation), coarctation of the aorta, and 
aortic aneurysm;(4) having a sensitivity of between 70% and 
90% for cardiovascular diseases due to hypertension, it is an 
effective predictor of target organ damage.(6) Although many 
advanced investigations are required to diagnose cardiovascular 
disorders, these instruments are scarce in rural regions. Thus the 
chest x-ray remains the initial inquiry in suspected heart disease, 
particularly in rural areas.(4,7) As a result, the radiologic method’s 
utility in determining and predicting direct measurement of AK 
size indicates the presence of any diseases in the cardiovascular 
system. Nonetheless, it differs depending on body type, gender, 
and ethnicity, according to previous studies on Africans,(6,8) 
Indians,(2,4) Asians,(9-11) and Caucasians. This study aimed to 
measure the normal AK diameter (AKD) on a posteroanterior 
chest radiograph presented as a baseline of dilated AK, to 
correlate it with different ages, genders, and body mass index 
(BMI), and to estimate the relationship between the AK index 
with various thoracic biometrics in healthy adult Sudanese.

Materials and Methods
The study was conducted in the Department of 

Radiology and Imaging in Ribat Hospital (Sudan) between 
Jun 2019 and Jan 2020. A total of 113 participants of both 
sexes (45.1% males and 54.9% females) with a normal 
chest x-ray and no history of diabetes, blood hypertension, 
cardiovascular disease, or skeletal abnormality were selected. 
Participants’ age fluctuated from 18 to 75 years (mean age of 
37.9±14.07 years; age range was classified with an interval of 
10 years). All chest radiographs were taken with the patient 
erect, facing the stand bucky; the distance from the patient 
to the x-ray focus was 72 inches. The radiologist assessed a 
radiograph for the technique’s normality confirmation and 
quality evaluation. 

The measurements were carried out with the measuring 
tools available on the software of the computed radiography 
system. The AKD was measured by drawing a horizontal line 

from the trachea’s lateral border to the aortic knob’s left lateral 
wall.(4,6,11,12)

Transverse heart diameter (HD) was measured as the 
sum of the right atrium diameter from the midline plus the 
left ventricle diameter from the midline.(4,6) After obtaining 
the patient’s height and weight,  BMI was defined, and 
cardiothoracic ratio (CTR) was determined by dividing 
the HD by the maximum width of the chest diameter.(3) To 
minimize errors, all measurements were completed by a 
single reviewer. 

Statistical analysis was performed using the statistical 
software package SPSS version 25.0 (Armonk, NY: IBM 
Corp.). Baseline characteristics were summarized as 
frequencies and percentages for categorical variables and as 
mean±SD for continuous variables. Levene’s Test of Equality 
of Variances was used to assess meeting the statistical 
assumption of homogeneity of variance in between-subjects 
designs. A simple linear regression was performed. Pearson’s 
Correlation Coefficient (r) was used to determine the strength 
of the relationship between the two continuous variables. 
Group comparisons with respect to categorical variables are 
performed using chi-square test. A probability value of P<0.05 
was considered statistically significant.

Ethical approvals were obtained from the research 
center at Alzaiem Alzhari University Radiologic Sciences 
Faculty before collecting data. The data was only used for 
study purposes without individual details identifying the 
participant. Written informed consent was obtained from each 
research participant.

Results
The mean BMI was 23.6±5.03 kg/m2 and distributed 

among males and females as 23.47 kg/m2 and 25.06 kg/m2, 
respectively. The mean AKD was 2.8±0.8 cm (2.94±0.8 cm in 
males and 2.51±0.77 cm in females, P=0.005). The mean HD 
was 9.22±2.8 cm (9.8±3.3 cm in males and 8.7±0.2.1 cm in 
females (P=0.005) (Table 1). All measurements significantly 
differed between both genders. 

The study clarified a linear association between AKD 
and HD (Table 2). There was a strong positive correlation 
between the two variables (r=0.837, P=0.000). In addition, 
there was a significant association between AKD and age 
(r=0.342, P=0.000), and a significant difference was found in 

Table 1.
Mean BMI, AKD, HD, and CTR values according to gender.

n BMI, kg/m2 AKD, cm HD, cm CTR, %

Male 51 23.47±4.28 2.94±0.8 9.8±3.3 45.3±0.7

Female 62 25.06±4.16 2.51±0.77 8.7±2.1 47.8±0.6

All 113 24.34±4.2 2.72±0.8 9.22±2.8 46.7±5.5

P-value 0.04 0.005 0.028 0.02
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AKD measurement between different age groups (P<0.001) 
(Table 2, Figure 1).

A simple linear regression was developed to predict AKD 
based on age. A significant regression equation was found 
(F = 14.74, P<0.001, with R2 = 0.1173. AKD = 0.0199(age) 
+1.9469 cm), the AKD increased by 0.0199 cm for each year 
of age (Figure 2).

The mean CTR was estimated as 46.6±7.7% with 
a significant difference between males and females and 
significantly correlated with HD and BMI (P<0.05); 
additionally there was an insignificant difference of CTR with 
AKD and age (P>0.05). CTR of females over 60 years was 
found to be larger than in other age groups, more than 50% 
(Table 1,2; Figure 3).

Discussion
As one of the highly regularly performed radiological 

examinations, a basic understanding and interpretation of chest 
radiographs is an unavoidable requirement for any physician 
involved in patient care.(3) Before evaluating anomalous data, 
it is necessary first to understand normal chest radiography 
characteristics and variations. 

This study aimed to assess AKD in the Sudanese 
population using PA chest x-ray and to establish normative 
measurement to compare it with others and add a reference 
measurement. 

In this study’s sample population involving males and 
females, the mean AKD was 2.8±0.8cm; this is less than found 
in previous studies(2,4,5,7,10,11) and differs considerably from 
them.This value is smaller than Indian(2) AKD (3.04±0.59 
cm) and Korean(10) AKD (32.29±5.30 mm) but nearly similar 
to the Nepal(9) population (2.786±0.19 cm). This could be 
due to variations in the method of measurement. In some 
previous studies,(2,13,14) measurements were taken from the 
lateral border of AKD to the midline of the body. Table 3 
compares the measurements of this study with other studies 
in different countries. 

In this study, measurements of AKD and HD were 
significantly different by gender; males had greater sizes 
than females. It could be related to differences in BMI. Many 
studies consistent with this study documented that males have 
higher values than females in the same age group.(2,5,7,15) The 
finding is also similar to Magera et al.(6) and Ray et al.(4) The 
HD in this study was smaller than in Nigerians, with a mean of 
12.64±1.5cm, contrary to Magera’s report.(6) Our results show 
a significant positive correlation between HD and AKD. 

Table 2. 
Pearson Correlations of AKD & CTR with age, BMI, and HD

Variable r Sig.  (2-tailed)

AKD

Age 0.342 0.000

BMI 0.104 0.275

HD 0.837 0.000

CTR

Age 0.112 0.237

BMI 0.302 0.001

HD 0.358 0.000

Figure 1.   Box plot. AKD in different age groups    
                                  (r=0.359;P=0.000).

  Figure 2. Scatter plot. Linear regression 
                   of AKD  predicted by age. 

  Figure 3. Box plot. Comparison in CTR of 
                  females in different age groups.
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The CTR is a simple and helpful technique that can 
screen for cardiovascular disorders as an index of heart size.(16) 
In adults, the average range of CTR was determined to be 39%-
50% (mean of 45%). However, it was proposed that a CTR of 
up to 52% be “acceptable.”(17) 

As exhibited in the results section, there was a notable 
normal mean of Sudanese CTR (46.7±5.5%). It was also 
observed that the mean CTR of females was higher than in 
males (47.8±0.6% and 45.3±0.7%, respectively). This result is 
similar to a study of the Indian population, which was published 
by Debnath et al.,(3) in their revising anatomical variations, 
which may be due to increasing body structure in males, or 
also may be due to the prevalence of increased BMI in females 
more than in males. This relationship was highlighted as a 
significant difference between the two genders.(2) Moreover, 
the CTR of females over 60 years was found to be more than 
50%; this result was similar to the result found in the Ghanaian 
population by Mensah et al.(16) This was explained by the fact 
that older women experienced a more marked drop in trans-
thoracic diameter with age. 

There was a significant difference in AKD among 
different age groups. The AKD increased by 0.019cm with an 
increase of one year of age (AKD = 0.0199(age)+1.9469), and 
there was a strong positive correlation between age and AKD 
(P<0.001), which agreed with several studies.(2,4,5,7)The results 
of this study agree with previous studies,(2,5,8) which indicated 
an insignificant correlation between AKD and BMI; the 
result of this study is consistent with previous studies in that 
the AKD increases significantly with an increase in HD.(2,4,7) 

Conclusion
The study found a significant positive correlation between 

age and aortic knob diameter; age can be used as a predictor 
for aortic knob diameter. The aortic knob diameter in adult 
Sudanese is smaller than in Nigerians, Indians, and Asians. 
Increased heart sizes increase aortic knob diameter. The aortic 
knob diameter value is greater in males than in females.

Competing Interests
The author declares that there is no conflict of interests.

Acknowledgments
The author appreciates Ehaa Abdulla, Malaz 

Mohammed, Marwa Alwasilla, Mathany Mohammed, Nuha 
Salah, and Sakina Mohammed for their cooperation.

References
1. Franciscus RG, Long JC. Variation in human nasal height 
and breadth. Am J Phys Anthropol. 1991 Aug;85(4):419-27. 
doi: 10.1002/ajpa.1330850406. 
2. Shankar N, Veeramani R, Ravindranath R, Philip B. 
Anatomical variations of the aortic knob in chest radiographs. 
Eur J Anat. 2010;14(1):25-30.
3. Debnath J, Sreedhar CM, Mukherjee R, Maurya VK, 
Patrikar S, Reddy YRN. Revisiting anatomical variants on 
screening chest radiographs in Indian adolescents: A cross 
sectional observational pilot study. Med J Armed Forces India. 
2018 Oct;74(4):337-345. doi: 10.1016/j.mjafi.2017.07.010. 
4. Ray A, Mandal D, Kundu P, Manna S, Mandal S. Aortic 
Knob Diameter in Chest X-Ray and its Relation with Age, 
Heart Diameter and Transverse Diameter of Thorax in a 
Population of Bankura District of West Bengal, India: A Cross-
Sectional Study. J Evol Med Dent Sci. 2014;3(31):8595-8600. 
doi:10.14260/jemds/2014/3092
5. Obikili EN, Okoye IJ. Transverse cardiac diameter 
in frontal chest radiographs of a normal adult Nigerian 
population. Niger J Med. 2005 Jul-Sep;14(3):295-8. 
6. Magera S, Sereke SG, Okello E, Ameda F, Erem G. Aortic 
Knob Diameter in Chest Radiographs of Healthy Adults 
in Uganda. Reports in Medical Imaging. 2022;15:21-29. 
doi:10.2147/rmi.s356443
7. Anyanwu GE, Agwuna KK. Aortic arch diameter and its 
significance in the clinical evaluation of cardiac and aortic 
enlargements. Niger J Clin Pract. 2009 Dec;12(4):453-6. 
8. Anyanwu GE, Anibeze CIP, Akpuaka FC. Transverse 
Aortic Arch Diameters and Relationship with Heart Size of 
Nigerians within the South East.2007;18(2):115-118.

*Correspondence: Maisa Elzaki, Assistant Professor of 
Diagnostic Radiology, Faculty of Applied Medical Sciences, Taibah 
University, Al-Madinah Al-Munawara (Madinah), Saudi Arabia. 
E-mail: elzakimaisa@gmail.com

Table 3. 
Comparison of the measurements made in this study with other studies in different countries.

Study n Age BMI AKD HD CTR

Shankar et al., 2010 (India) (2) 108 3.04±0.59 cm

Kayastha et al., 2020 (Nepal) (9) 100 18-70 years 2.786±0.19 cm

Lee et al.,  2018 (Korea) (10) 3,970 45.45±11.56 years 23.88±3.35 kg/m2 32.29±5.30 mm

Anyanwu GE et al., 2007 (Nigeria) (8) 1018 32.2 years 4.7±0.46 cm 12.64±1.5 cm 46.68±4.3%

Sung et al., 2019 (Korea) (11) 696 46.85±12.89 years 24.02±3.51 kg/m2 32.08±5.54 mm

Current Study  (Sudan) 113 37.9± 4.07 years 23.6±5.03 kg/m2 2.8±0.8 cm 9.16±2.7 cm 46.7±5.5%



574                                              M. Elzaki / International Journal of Biomedicine 12(4) (2022) 570-574

9. Kayastha P, Paudel S, Suwal S, Adhikari B, Humagain 
MP, Magar BT, Adhikary KP. Variations in Measurements 
of the Aortic Knob in the Chest Radiograph in Normal and 
Hypertensive Subjects. Europasian J Med Sci. 2020;2(2):92-
96. doi:10.46405/ejms.v2i2.212
10. Lee EJ, Han JH, Kwon KY, Kim JH, Han KH, Sung SY, 
Hong SR. The Relationship between Aortic Knob Width and 
Metabolic Syndrome. Korean J Fam Med. 2018 Jul;39(4):253-
259. doi: 10.4082/kjfm.17.0038. 
11. Sung SY, Han JH, Kim JH, Kwon KY, Park SW. The 
Relationship between Heart Rate Variability and Aortic 
Knob Width. Korean J Fam Med. 2019 Jan;40(1):39-44. doi: 
10.4082/kjfm.18.0077.
12. Tomita Y, Kasai T, Ishiwata S, Daida H, Narui K. Aortic 
Knob Width as a Novel Indicator of Atherosclerosis and 
Obstructive Sleep Apnea. J Atheroscler Thromb. 2020 Jun 
1;27(6):501-508. doi: 10.5551/jat.50286.
13. Debnath J, Sreedhar CM, Mukherjee R, Maurya VK, 
Patrikar S, Reddy YRN. Revisiting anatomical variants on 
screening chest radiographs in Indian adolescents: A cross 

sectional observational pilot study. Med J Armed Forces India. 
2018 Oct;74(4):337-345. doi: 10.1016/j.mjafi.2017.07.010. 
14. Bons LR, Rueda-Ochoa OL, El Ghoul K, Rohde S, 
Budde RP, Leening MJ, Vernooij MW, Franco OH, van der 
Lugt A, Roos-Hesselink JW, Kavousi M, Bos D. Sex-specific 
distributions and determinants of thoracic aortic diameters in 
the elderly. Heart. 2020 Jan;106(2):133-139. doi: 10.1136/
heartjnl-2019-315320. 
15. Groepenhoff F, den Ruijter HM. Sex-specific thoracic 
aortic dimensions and clinical implications. Heart. 2020 
Jan;106(2):97-98. doi: 10.1136/heartjnl-2019-315903.
16. Mensah YB, Mensah K, Asiamah S, Gbadamosi H, Idun 
EA, Brakohiapa W, Oddoye A. Establishing the Cardiothoracic 
Ratio Using Chest Radiographs in an Indigenous Ghanaian 
Population: A Simple Tool for Cardiomegaly Screening. 
Ghana Med J. 2015 Sep;49(3):159-64. doi: 10.4314/gmj.
v49i3.6.
17. Inoue K, Yoshii K, Ito H. Effect of aging on cardiothoracic 
ratio in women: a longitudinal study. Gerontology. 1999 Jan-
Feb;45(1):53-8. doi: 10.1159/000022056. 


