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ABSTRACT

Background: Aortic knob enlarges in many cardiovascular disorders including 
hypertension. It can be easily evaluated in chest radiographs. The study was 
carried out to document and analyze measurements of aortic knob in normal and 
hypertensive population in chest radiograph.

Methods: This descriptive cross-sectional study was performed in the Department 
of Radiology and Imaging, Tribhuvan University Teaching Hospital (TUTH) and 
Manmohan Cardiothoracic Vascular and Transplant Center (MCVTC) from July 
to October 2019. Postero-anterior (PA) chest radiographs of 200 individuals (100 
normal and 100 hypertensives) between the age of 18 to 70 years were evaluated. 
Width of aortic knob (AKW), straight length of aortic knob (AKS), curved length of 
aortic knob (AKC) and aortic knob index (AKI) were measured. Aortic knob index 
(AKI) was determined from AKC divided by AKS.

Results: The mean aortic knob index (AKI) for male and female were 1.24±0.06 
and 1.20±0.07 respectively and the total mean aortic knob index (AKI) was 
1.22±0.07 in normal population. In hypertensive population, aortic knob index 
(AKI) was 1.49±0.095 and 1.42±0.04 in male and female respectively. Total aortic 
knob index (AKI) for hypertensive population was 1.45±0.083. Aortic knob index in 
hypertensive population was significantly higher than that of normal population. 
Mean aortic knob index (AKI) in male was significantly higher than that in female 
in both normal and hypertensive population (p<0.05).

Conclusion: Aortic knob index (AKI), the index for aortic diameter, was higher in 
hypertensive population and male. Thus, simple measurement of aortic knob in PA 
chest x-ray may help in predicting cardiovascular disorder.
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INTRODUCTION

The postero-anterior (PA) chest radiograph is 
one of the most common imaging modalities for 
evaluation of the heart and lungs.1 Aortic knob or 
knuckle (AK) forms the superior most convex arc 
of the left border of the cardiac silhouette on a 
PA chest radiograph. The aortic knob represents 
the distal-most portion of the aortic arch, where 
it turns downwards to become the descending 
aorta. The medial border of the arch of the aorta 
cannot be identified in the x-ray as it blends with 
the shadows of the mediastinum. As the aortic 
arch abuts left lung laterally, it is seen as the lateral 
bulge.2,3 The aortic knob is the portion of the 
aortic arch that is seen in a postero-anterior chest 
radiograph. Increase in the transverse diameter 
of the arch of aorta has been associated with 
hypertension and cardiac dysfunction.2,4 The aortic 
knob can be enlarged due to increased pressure 
flow in aorta or changes in the elasticity of its wall 
in various conditions like systemic hypertension, 
cystic medial necrosis of aorta or aortic dissection. 
Prominence of aortic knob is also seen in aortic 
stenosis, coarctation and aneurysm. Systemic 
hypertension is a common condition where aortic 
knob size increases. The enlargement of aortic 
knob though not specific but still an easily available 
and initial investigating tool to predict the cardiac 
malfunction in the outdoor practice. It can guide for 
appropriate further investigations and treatment.3-5 

There is relatively lack of data of the size of the 
aortic knob in Nepali population, so in this study 
we designed to find out the normal diameter of the 
aortic knob in Nepalese population and compare it 
with hypertensive patients.

MATERIALS AND METHODS

A descriptive cross-sectional study was conducted 
in the Department of Radiology and Imaging 
Tribhuvan University Teaching Hospital, and 
Manmohan Cardio Thoracic and Vascular Transplant 
Center, Kathmandu, Nepal during the period from 
July to October 2019.

A total of 200 chest radiographs from 100 
normotensive and 100 hypertensive individuals 
between the age of 18 to 70 years were randomly 
selected and evaluated. Radiographs of both 
males and females were included in the study.  
Portable radiographs, radiographs with rotation, 
radiographs of individuals with heart diseases 
or pathology detected  in the radiographs were 
excluded. All the radiographs were performed in 

posterio-anterior view by using Hitachi medical 
corporation (Z4–L3TY) x-ray machine with capacity 
of 150 kilovoltage (kV) and 500 miliampare (mA). 

The measurements were carried out with the 
measuring tools available on the software of 
the computed radiography system. All the 
measurements were carried out with one and half 
time magnification. The parameters measured 
were aortic knob width (AKW), straight length of 
aortic knob (AKS), curved length of aortic knob 
(AKC) and aortic knob index (AKI). The AKW is the 
striaght horizontal line drawn from midline of the 
body to lateral aspect of the aortic knob, AKS is the 
straight vertical line drawn from superior point of 
aortic knob to inferior margin of the aortic knob 
and AKC is curved length drawn from superior 
portion to inferior margin along the lateral aspect 
of the aortic knob (Figure 1). AKI is the ratio of AKC 
to AKS (AKC/AKS).

Figure 1: Chest radiograph showing different 

measurements of aortic knob

AB=Midline; DF = Width of aortic knob (AKW)

CE =Straight length of aortic knob (AKS)

CDE =Curved length of the aortic knob (AKC)

Statistical analysis was carried out with the help of 
IBM-SPSS 20.0 (IBM Corporation, Armonk, NY, USA) 
and Microsoft Excel version 12. Mean and standard 
deviation (SD) of the parameters of aortic knob 
measurements mentioned above were obtained. 
Gender difference of these parameters in normal 
and hypertensive subjects were evaluated with T 
value and degree of freedom (Df). Independent 
sample t-test was used for correlation of AKI in 
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normal subjects and hypertensive subjects. P<0.05 
was considered to be statistically significant. 

RESULTS 

The data was collected from total 200 patients (100 
normotensive and 100 hypertensive) of 18 to 70 
years of age. Among 200 patients, 104 were female 
and 96 were male with female: male ratio of 1.08:1. 

Normal population

The mean values of width of aortic knob for male in 
chest radiograph was 2.822±0.21 cm and that for 
female was 2.75±0.1741 cm in normal population 
[Table 1]. Though the aortic knob width in male 
in normal population was higher than in female, 
the difference was not statistically significant (p= 
0.105) [Table 2].  

The mean values of straight length of aortic 
knob (AKS) for males in chest radiograph 
was 2.866±0.2042 cm and that of female was 
2.817±0.196 cm in normal population [Table1]. 
The straight length of aortic knob in males was 
observed to be higher than in females. However, 
these differences were observed to be statistically 
not significant (p=0.219).

The mean value of aortic knob index (AKI)) for 
males was 1.242±0.066 and that of female was 
1.200±0.0761 in normal population [Table 1]. The 
aortic knob index (AKI) in males was significantly 
higher than in females (p=0.003) [Table 2].

Hypertensive population 

The mean values of width of aortic knob for male 
was 3.31±0.17 cm and that of female was 3.20±0.13 
cm [Table 3]. The width of aortic knob in males in 

Table 1: Mean and SD of aortic knob from width of aortic knob (AKW), straight length of aortic knob (AKS), aortic knob 
index (AKI)) in normal population 

Sex AKW (cm) AKS (cm) AKI
Mean SD Mean SD Mean SD

Male (n= 46) 2.822 0.2132 2.8666 0.2042 1.2452 0.0666

Female (n = 54) 2.75 0.1741 2.8176 0.196 1.200 0.0761

Total (n = 100) 2.786 0.1936 2.8421 0.2001 1.22 0.074

Table 2: Test of significant difference between male and female width of aortic knob (AKW), straight length of aortic knob 
(AKS), aortic knob index (AKI) in normal population 

Parameter Mean difference (cm) T Value DF(degrees of freedom) p value

AKW 0.065 1.65 98 0.105

AKS 0.0493 1.234 98 0.219

AKI 0.0446 3.10 98 0.003

Table 3: The average value of mean and standard deviation of aortic knob width (AKW), straight length of aortic knob 
(AKS) and aortic knob index (AKI)) in the hypertensive population

Sex AKW (cm) AKS (cm) AKI

Mean SD Mean SD Mean SD

Male (n = 50) 3.3121 0.1755 2.9432 0.177 1.492 0.095

Female (n = 50) 3.2025 0.1359 2.93 0.133 1.4223 0.0493

Total (n = 100) 3.2573 0.155 2.936 0.1555 1.45 0.083

Table 4: Test of significant difference between male and female width of aortic knob (AKW), straight length of aortic knob 
(AKS), aortic knob index (AKI) in the hypertensive population 

Parameter Mean difference (cm) T value Df P value

AKW 0.1095 3.483 98 0.001

AKS 0.00295 0.095 98 0.924

AKI 0.074 4.63 98 0.000
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hypertensive population was significantly higher 
than in females (p<0.05) [Table 4].

The mean value of straight length of aortic knob 
(AKS) for males was 2.94±0.17 cm and that 
of female was 2.93±0.13 cm in hypertensive 
population [Table 3]. The straight length of aortic 
knob in males was higher than in females. However, 
it was not statistically significant (p= 0.924) [Table 
4].

The mean value of aortic knob index (AKI) for male 
was 1.49±0.095 and that of female was 1.42±0.0493 
in hypertensive population [Table 3]. The aortic 
knob index (AKI) in male was significantly higher 
than in female (p<0.05) [Table 4].

Mean aortic knob index (AKI) in normal population 
was 1.22±0.07 and Mean aortic knob index for 
hypertensive population was 1.45±0.08. Aortic 
knob index in hypertensive population was 
significantly higher than that of normal population 
(p<0.05) and the overall aortic knob index in male 
was also significantly higher than females (p<0.05).

DISCUSSION

The postero-anterior (PA) chest radiograph is one 
of the common and routine imaging modalities for 
evaluation of the heart. But anatomical variation of 
aortic knob is not evaluated well in clinical practice. 
Increase in the transverse diameter of the arch of 
aorta has been associated with hypertension and 
cardiac dysfunction.6 So, simple evaluation of aortic 
knob can be predicting factor for cardiovascular 
disease.

Mean AKW in a study done by Lee et al6 was 
34.21±4.78 mm and 30.03±4.98 mm in men and 
women respectively, which is higher than the mean 
in our study, however, they also found higher AKW 
in male than female similar to our study. However, 
in a study done in India by Ray et al mean AKW 
was similar to our study (3.10±3.34 cm in men and 
3.08±3.90 cm in women).7 They also found higher 
AKW in male than female as in our study. Studies 
performed by Obikili and Okoye8; Anyanwu et al3 
also showed higher AKW in male compared to 
female. In contrast to our study, mean AKW was 
independent of sex in a study done by Afsar et al 

in Turkey.9 However, they found higher AKW with 
higher systolic blood pressure and our study also 
showed higher AKW in hypertensive patients. 
Rayner et al also found higher aortic knob width in 
hypertensives corroborating our findings.10

Shankar et al2 found lower AKI in male (1.13±0.11) 
than in female (1.16±0.11), in contrast to our study 
as our study showed significantly higher AKI in 
male. However, the difference was not significant 
in the study done by Shankar et al which may be 
due to non-visualization of aortic knob in eight 
out of 77 males. AKI, a ratio of AKC to AKS, was 
higher in hypertensives in our study, supporting 
above measurements (AKW). Increased pressure 
of blood flow in the ascending aorta and aortic 
arch in hypertensive patients might be the cause 
of enlargement of aortic arch. As AKI provides 
quantitative estimate of aortic knob and is a ratio 
independent of absolute measurements, it will be 
better suited for comparisons of aortic knob in 
different populations.

CONCLUSION

Aortic knob index (AKI) in hypertensive population 
and male was higher than in normal population, 
suggesting increased their aortic arch diameter. 
Thus simple measurement of aortic knob in PA 
chest x-ray may help in predicting cardiovascular 
disorder.
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