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CHAPTER  I 
INTRODUCTION 

 

1.   Background and Rationale 

         At present time, ischemic heart disease (IHD) is the principal cause of death of 
Thai people in middle to late age. Ischemic heart disease refers to consequence of 
atherosclerosis of the coronary arteries and is also called the coronary heart disease.1,2   

The lesions of atherosclerosis occur principally within the innermost layer of the arterial 
wall, the intima. The form and content of the advanced lesions of atherosclerotic vessels 
demonstrate the results of three fundamental biological processes, the accumulation of 
intimal smooth muscle cells together with variable numbers of accumulated 
macrophages and T-lymphocytes, the formation by the proliferated smooth muscle cells 
of large amounts of connective tissue matrix, including collagen and elastic fibers, and 
accumulation of lipid is principally in the form of cholesterol esters and free cholesterol 
within the cells as well as in the surrounding connective tissues. The advanced lesions 
are clotting (thrombosis) and associated with the fibrous capsule leading to occlusion of 
the vessel.3-6  The  lesions of atherosclerosis take different forms depending upon their 
anatomic site and risk factors to which each individual has been exposed.7-9 Among 
many risk factors for atherosclerosis that have been shown to be important are cigarette 
smoking, hypertension, diabetes mellitus, age, obesity and male gender. 

         Cigarette smoking provides the strongest and most consistent correlation with the 
increased incidence of atherosclerosis.10 The smokers have increased levels of oxidation 
products including oxidized of low-density lipoprotein (LDL).11,12   These effects are along 
with direct effects of carbon monoxide and nicotine and  lead to process of endothelial 
damage. Apparently, cessation of cigarette smoking decreases the risk for development 
of the clinical sequelae of atherosclerosis.13 

           Hypertension has been an associated risk factor in the individual with elevated 
blood pressure showing acceleration of atherosclerosis. The potential mechanisms by 
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which hypertension may cause coronary heart disease (CHD) include impaired 
endothelial function, increased endothelial permeability to lipoproteins, increased 
oxidative stress, and hemodynamic stress triggering acute plaque rupture. 

                    Diabetes mellitus is an independent risk factor for CHD, increasing risk by two to 
three times for men and three to five times for women.14 Coronary heart disease is the 
leading cause of death in diabetic patients and approximately 25 percent of myocardial 
infarction (MI) survivors have diabetes.15   

           Age might be considered one of the most potent cardiovascular risk factors.16,17  
CHD incidence rates in men are similar to those in women 10 years older.18 

Approximately  52  percent of women and 46 percent of men will eventually die of 
atherosclerotic disease.19 

            Obesity promotes insulin resistance, hypertension, low high-density lipoprotein 
(HDL) cholesterol.20,21   The obesity was strongly and positively correlated with the risk of 
CHD in univariate analysis. In general, the greater degree of overweight has the higher 
risk of coronary mortality.22     

            Male gender is much more prone to atherosclerosis than female and it has been 
suggested that female has a decreased incidence because of a protective function 
exerted by estrogens. Estrogens have their effects on the smooth muscle cells and other 
elements of atherogenesis shows that estrogens can have an antiproliferative effect on 
the smooth muscle and can be protective to the endothelium in relation to stimulation by 
growth factors and other agents.23  

           The incidence and prevalence of coronary heart disease increase sharply with 
many factors when risk factors coexist, they multiply the risk of CHD severalfold.24   The 
end of result is plaques that cause luminal narrowing of the coronary arterial tree and 
often total occlusion. When severity of ischemia is prolonged, it may lead to myocardial 
infarction finally.25 Myocardial infarction most commonly involves the left ventricle and 
interventricular septum, approximately one-third to two-thirds of patients with inferior wall 
infarction have some involvement of the right ventricle.26 
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            Currently, there are many methods of treatments for patients who have 
obstructive coronary artery disease and consequent ischemic heart disease. There are 
as follows   27            

• Drug therapy 

• Coronary artery balloon angioplasty 

• Surgical treatment 

           Coronary artery bypass graft (CABG) has been accepted as surgical method of 
treatment for patient who has obstructive coronary artery stenosis. The surgical goal of 
the coronary artery surgery is to relieve symptoms, alleviate ischemia, reduce the 
possibility of subsequent cardiac events, and lengthen life.28  The concept of complete 
revascularization has been used to signify the restoration of an adequate coronary 
circulation to all regions of the ischemic myocardium through bypass grafting of 
obstructed coronary arteries. In general, all vessels 1.5 mm or greater in diameter are 
suitable for CABG if free of significant distal plaque.29 Graft patency has been correlated 
with the size of the recipient coronary artery.30 A significantly reduced patency rate 
occurs when vessels less than 1.5 mm in diameter are bypassed. Formerly, the 
saphenous vein graft was the standard conduit. Atherosclerotic deterioration of this graft 
and the disproportionately large size of the graft to coronary artery have relegated the 
vein graft to secondary roles. Veins may be damaged by rough preparation, which 
results in separation and desquamation of the vascular endothelium.31 Vein graft 
atherosclerosis is generally diffuse and has been associated with elevated serum 
cholesterol, low HDL cholesterol, cigarette smoking32 and this graft may progress faster 
than native vessel atherosclerosis.33 The saphenous veins grafts have an accelerated 
failure rate because of graft atherosclerosis beyond the fifth year.34 When complete 
revascularization cannot be obtained with the saphenous veins, thus another source of  
conduit must be considered. The arteries leading to expanded use for CABG are so-
called alternative arterial conduits. The arterial conduits are the right gastroepiploic 
artery (RGEA), the inferior epigastric artery (IEA), and the radial artery (RA) for primarily 
as supplements to both internal mammary arteries (IMA). 
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           The internal mammary artery (IMA) has been used as a conduit for almost as long  
as the saphenous vein. The advantages of the IMA graft have been accepted broadly, 
both for its durability and for better survival compared with vein graft. The 10-year 
actuarial survival was significantly better for patients with the IMA grafts and the 
diameter of the IMA graft usually is a closer match to that of the recipient coronary artery 
than the diameter of the saphenous vein.35  This graft was extended in the form of 
bilateral thoracic artery grafts, free (aortocoronary) arterial grafts. It has been proved to 
be a valuable alternative for treating patients with coronary stenosis. The disadvantages 
of the IMA grafts are  (1) its use has been limited to grating one or two arteries, usually 
the left anterior descending artery or its diagonal branch and the right coronary 
artery,36,37   and(2)  the IMA grafts are more demanding technique and operative time.38,39 

           The right gastroepiploic artery (RGEA) is a third arterial conduit with artery to 
artery anastomoses of comparable sizes. The advantages of the RGEA grafts are as 
follows (1) it can be harvested simultaneously with the IMA and the saphenous vein, (2) 
the proximal anastomosis (free grafts) is easy,  (3) its use avoids bilateral IMA graft in 
patients at high risk for sternal infection,  and(4) short-term studies of graft patency 
showed good results with patency rates in 90 to 100 percents. The disadvantages of the 
RGEA grafts are  (1) the abdominal cavity must be exposed,  (2) the graft is not 
available after a gastric operation,  (3) there is the possibility of graft damage with future 
abdominal procedures,  (4) the operating time is longer than the IMA,  (5) at present, 
long-term patency rate is uncertain, and(6) this graft appears to be more prone to 
vasospasm than the IMA graft.40,41 

           The inferior epigastric artery (IEA) has been proposed as another alternative 
arterial conduit. The advantages of the IEA grafts are as follows (1) the harvesting 
technique can be with no special instrumentation, (2) it can be harvested simultaneously 
with the IMA and the saphenous vein if this is available,  (3) short-term patency showed 
good results. The disadvantages of the IEA grafts are  (1) the short length and variability 
in its size, and(2) its graft appears to be more prone to tendency for vasospasm.42 
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           The radial artery has been advocated as an alternative to the saphenous vein for 
CABG because of its inherent advantages:  (1) the large caliber and invariable in its 
size,  (2) the quality of its wall (thick and resistant) offers very good technical conditions 
for coronary and aortic anatomosis, (3) it was good length, (4) it can be harvested 
concurrently with other arteries and vein grafts, and(5) the encouraging short-term 
results. 43,44  The disadvantages of this graft are  (1) its greater tendency to vasospasm,  
(2)the harvesting this graft necessitates prior assessment of the Allen's test, and(3)  the 
radial artery T-graft has complicated technique.45,46 

 

 

2.   Research Questions 
       Primary Question  
                   : How much are the sizes of alternative arterial conduits (the radial artery, 

the ulnar artery, the internal mammary arteries (IMA), the peroneal 
artery and the posterior tibial artery) for a new choice of coronary artery 
bypass graft ? 

 
      Secondary Questions   

1. How much are the sizes of the right gastroepiploic artery (RGEA) 
and the mid left anterior descending artery (mid LAD) ? 

                          2. What is the relation between the external arterial diameter and   
height ? 

                          3.  What is the relation between the external arterial diameter and body  
                               part representing by bony length ? 
                          4.  What is the relation between the length of arteries and height? 
                          5. What is the relation between the length of arteries and body part 

representing by bony length? 
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3.   Limitation of the study 
           This thesis is the study on cadavers fixed with formalin, therefore the data may 
have few errors of measurement. 
 
 
 
4.   Objectives of the research 

           This thesis is aimed to investigate the external diameter and length of arteries in 
order to gain basic information for considering alternative arterial conduits in CABG. The 
investigations include : 

4.1 To measure the external diameter and length of the radial artery, the ulnar 
artery, the internal mammary arteries (IMA), the peroneal artery and the 
posterior tibial artery. 

4.2 To measure the external diameter and length of the right gastroepiploic 
artery (RGEA).  

4.3 To measure the external diameter of mid left anterior descending artery (mid 
LAD). 

4.4 To assess the relation between the external arterial diameter and height. 
4.5 To assess the relation between the external arterial diameter and body part      
       representing by bony length. 
4.6  To assess the relation between the length of arteries and height. 
4.7  To assess the relation between the length of arteries and body part   
       representing by bony length. 

 
 
 
5.   Key words 
        Arterial conduit  
        Coronary artery bypass graft 
        Myocardial revascularization 
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6. Expected Benefit & Application 
The result of this study may be beneficial in  :- 

1.  Assisting in considering the alternative arterial conduit for a new choice of     
     the coronary artery bypass graft. 

      2.  Establishing the anatomical data for assessing the relation between: 

2.1 External arterial diameter and height and also body part representing 
by bony length. 

2.2 Arterial length and height and also body part representing by bony 
length. 

        3.  The estimation of the arterial length  applied to patients of different height 
                   and body part representing by bony length. 
   
 
 
7.  Research Methodology  

• Subject collection 
The 37 Thai adult cadavers were collected with the ages ranged from 45 to 91 
years. 

 

• Process of study 
Step 1. The cadavers were defined into 4 portions including the upper limb, the lower 

limb, the abdomen and the thorax. 
Step 2. The arteries in each portion were harvested. The upper limb harvested arteries 

are the radial artery and the ulnar artery. The lower limb harvested arteries are 
the peroneal artery and the posterior tibial artery. The abdomen harvested 
artery of the stomach is the right gastroepiploic artery (RGEA). The thorax 
harvested arteries are the both internal mammary arteries (IMA). The heart 
harvested artery is the mid left anterior descending (mid LAD). 

Step 3.  The body part representing by bony length of each portion; the radial artery 
refers to the radius, the ulnar artery refers to the ulna, the peroneal artery refers 
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to the fibula, the posterior tibial artery refers to the tibia and the IMA refers to 
the sternum.  

Step 4. The external arterial diameter was measured by the Vernier caliper precision 
0.02 mm in millimeters (mm).The lengths of arteries and body part representing 
by bony length were measured by Tape line in centimeters (cm). 

Step 5. The average of external diameter and length of arteries and also body part 
representing by bony length were analyzed. 

 
 
 
 
8.   Administration and Time Schedule 
   

Time schedule phase process 

4 6 8 10 12 14 16 18 

1 

2 

3 

4 

 

Preparation phase 

Subjects collection 

Data and statistic analysis 

Conclusion and writing the thesis 

        

 



CHAPTER  II 
LITERATURE  REVIEW 

           
          Many observations are studied on basic anatomy of the vessels. The review will 
present data only on the field of the arterial anatomy that is related to this study. 

              In 1993 Guerra et al. 47 described the noninvasive technique to assess the 
coronary artery anatomy in 100 asymptomatic atherosclerosis subjects (89 men and 11 
women, mean age 40+6 years) by means of the ultrafast computed tomography (UFCT), 
with 3 mm thick ECG gated scans. The external diameter of the left main (LD) and the 
right (RD) coronary arteries were measured. The external diameter of total coronary 
artery (TD) refers to the summation of the LD and the RD (TD = LD+RD). The mean 
external diameter of the LD next to the left anterior descending artery (LAD) was 
4.23+0.85 mm, and the mean of the RD diameter was 3.06+1.08 mm. The UFCT can be 
used for a noninvasive measurement of the coronary artery diameters and may be used 
to detect the early change of atherosclerosis individually and also in the population. 
After that in 1996 O' Connor et al.48 reported the height, weight, sex, age, status at 
hospital discharge, and luminal diameter of the mid LAD in 1325 patients undergoing 
CABG. The small vessel size was associated with substantially increased risk of 
inhospital mortality. The vessel size was strongly related to both sex and body size. In 
multiple linear regression analysis, the vessel size was positively correlated with body 
surface (p<0.01), body mass index (p=0.004), height (p=0.001), and weight (p=0.001). 
The mean internal diameter of the mid LAD was 2.04 mm for men (n=963) and 1.81 mm 
for women (n=362). The median of the vessel size was 2.0 mm for both groups. 
However, in-patients with the same body size, the mean of the mid LAD diameter in men 
was significantly greater than that in women (mean difference ranged from 0.14 to 0.23 
mm). 

            In 1986 Timmons49studied the vascular anatomy of the radial forearm flap by 
dissection of 56 cadavers with various techniques, including ink, latex and barium 
sulfate injections. The radial artery branches were divided into two main groups, one in 
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the proximal half and the other in the distal half of the forearm.The proximal group can 
be considered as two subgroups. The most proximal branch arises either close to the 
origin of the radial artery itself or from the radial recurrent artery. Another major vessel is 
in the second proximal subgroup. In the distal half of the forearm, there are branches 
every 1 to 2 cm.  Later on, Inoue et al.199650 studied the anatomic contribution to each 
tissue layer from the skin to bone derived from the brachial, radial, ulnar, anterior and 
posterior interosseous arteries between the elbow and the wrist. The radial and ulnar 
arteries give the main blood supply to the forearm. Proximally, the muscles receive 
branches from the brachial artery, the ulnar artery or the ulnar recurrent artery. Distally, 
they receive branches from the radial artery or the ulnar artery. The diameters of arterial 
branches were measured with the Vernier calipers precision 0.02 mm at their origins 
from the arterial source. The mean diameter of arterial branches, number of branches 
per arm and the position of branches of the brachial artery was 0.83 mm, 4 brs/arm and 
located between the biceps brachii and the triceps brachii muscles (58%). The mean 
diameter of the radial artery was 0.62 mm and had 12 brs/arm located between the 
brachioradialis and the flexor carpi radialis muscles (50%). The mean diameter of the 
ulnar artery was 0.69 mm and had 11.37/arm located between the flexor carpi ulnaris 
and the flexor digitorum superficialis muscles (38%). These data can be used to 
determine the position, the pattern of distribution of arterial branches in the forearm, the 
diameter and total number of vessels to the muscle of forearm. At the same time, Shima 
et al.51 performed morphometric investigation of the forearm vessels for using in free 
forearm flap on 52 Japanese cadavers by the stereoscopic microscope (SMZ-10, Nikon) 
and the digital measuring system. The mean inner diameter of the radial and the ulnar 
arteries were 2.3+0.5 mm and 1.6+0.5 mm, respectively. The radial artery was 
measured at three points. Proximally, it was measured at 1 cm distal to the origin of the 
radial artery (2.3+0.5mm). Distally, it was measured on the Lister's tubercle 
(2.2+0.6mm). The third point was measured between the proximal and the distal points 
(2.2+0.6mm). There were significant differences between the inner diameters of the 
proximal and the distal points on the left radial artery. In individual subject, there was no 
significant difference between the inner diameter of the right and the left sides. The 
mean length of the radial artery was 18.1+1.7 cm. 
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            In 1996 Takemura et al.52 examined the physiologic properties of the internal 
thoracic artery (ITA) graft and assessed the relationship of the coronary artery stenosis 
to actual ITA flow at rest and during exercise by the Transthoracic color doppler 
echography. The internal thoracic artery diameter increased significantly from 2.2 mm to 
2.4 mm after operation. In the next year Feng (1997)53 investigated in terms of the 
external vessel diameter, vessel size discrepancy of the internal mammary and the 
thoracodorsal vessels. The internal mammary artery (IMA) diameter (2.36+0.55 mm, 
n=51) was significantly larger than the thoracodorsal artery diameter (1.79+0.34 mm, 
n=23; p<0.001). There was no significant difference between the diameters of the 
internal mammary vein (2.6+0.58 mm, n=52) and the thoracodorsal vein (2.51+0.5 mm, 
n=23; p=0.930). The right IMA (2.52+0.51 mm) was significantly larger external diameter 
than the left IMA (2.30+0.55 mm; p=0.046). The right internal mammary vein (2.89+0.56 
mm) also was significantly larger external diameter than the left internal mammary vein 
(2.31+0.48 mm ; p=0.002). 

           In 1993 Strauch et al.54 studied anatomy of the greater omentum and blood 
vessels. The gastroepiploic arterial arch that lies about a fingerbreadth from the greater 
curvature between its anterior two layers. From the gastroepiploic arterial arch, several 
short branches arise upward to the greater curvature of the stomach, and the three 
major omental arteries (right, middle, and left) course downward to the greater 
omentum. The middle omental artery at its terminal portion branches into the right and 
the left terminal segments that anastomose with the corresponding branches of the right 
and left omental arteries to form the arterial network of the greater omentum. On the right 
side, there is an accessory omental artery that branches from the right gastroepiploic 
artery and does not join the arterial network. The right gastroepiploic artery is the 
dominant vessel of the stomach. The mean external diameter of the right and the left 
gastroepiploic artery were 2.8+0.9 mm and 1.8 mm, respectively. At the same time, 
Nakao et al.55 measured the postoperative graft diameter of the right gastroepiploic 
artery on the coronary artery revascularization in 55 cases. The patency ratio of the right 
gastroepiploic artery grafts was satisfactory, with an average diameter of 2.1mm (range 
from 1.2 to 3.5 mm). 
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            In 1986  Wei et al.56 studied anatomy of the cutaneous branches of the peroneal 
artery which supply the skin on the lateral aspect of the leg. The cutaneous branches of 
the peroneal artery, four to seven in number, are distributed segmentally at intervals of 2 
to 6 cm from a distance of 4 to 27 cm below the fibula head. The diameter of these 
vessels at their origin ranges from 0.8 to 1.7 mm. In addition, the fibula matches the size 
of radius and ulna. Later on, in 1990 Yoshimura et al.57 investigated the anatomy of the 
peroneal artery and vein and their branches was carried out on 80 adult cadaver legs. 
The mean number of the cutaneous branches was 4.8+1.4 branches per leg. The mean 
length of the cutaneous branches was 5.4+1.5 cm. The operating microscope was used 
to measure the external diameter of the cutaneous branches at the skin distribution site 
of the artery and vein. The mean of external diameter was 0.6+0.2 mm for the arterial 
branches and 0.8+0.3 mm for the vein branches and 1.6+0.2 mm for the peroneal 
artery.  Subsequently, Wu et al. 199358 studied the anatomic features of the skin and 
muscular branches of the posterior tibial vessels in 20 legs of 10 fresh cadavers. The 
mean external diameter of the posterior tibial artery was 10+0.5 mm. The longest 
segment of the cutaneous branches was 6.7+1.0 cm found between the direct muscular 
branches and the flexor digitorum longus muscle. This study is more practical approach 
when applied to patients of different height and leg length. Later on, Benjacholamas et 
al. 200059 reported a 64-year-old male having a restenosed coronary artery eight years 
after  coronary bypass graft (CABG) due to needing a redo CABG. The usual graft 
conduits were not sufficient for his condition. Therefore, a posterior tibial artery was 
selected and used for graft conduit. This graft conduit had never previously been used. 
The operation was successful without any morbidity. 

            In this research, we choose to study the radial artery, the ulnar artery, the both 
IMA, the RGEA, the peroneal artery and the posterior tibial artery for new choices of 
alternative arterial conduit for coronary artery bypass graft. 

 



CHAPTER III 
MATERIALS AND METHODS 

 

1.   Materials  
  1.1 Population and Specimen 

      The study was carried on 37 Thai adult cadavers with the age between 45 to 
91years old from the Department of Anatomy, Faculty of Medicine, 
Chulalongkorn University, Bangkok, Thailand. The mean age and height are 
73.66 +13.97 years and 165 + 7.61 cm, respectively. 
 

1.2  Method of Sampling Selection 
      The specimen selection is non-probability sampling by means of the 
convenient sampling for simplified descriptive items of the Thai adult cadavers. 
      The specimens were chose by the convenient selection from the cadavers 
and all specimens were studied due to the limitation a small numbers of 
specimens. Total numbers of specimen are 37 cases (male=19, female=18). 
 

1.3  Instruments 
                   The instrument of this study can be detailed as follows: - 

1.3.1 The Vernier caliper precision 0.02 mm was used to measure of the 
external arterial diameters in millimeters (mm). 

1.3.2 The cone shape tip-calibrating probe. 
1.3.3 The Tape line was used to measure the length of arteries and also 

body part representing by bony length in centimeters (cm). 
 
 

2.   Methods 
2.1 Research methods 
1. The cadavers were separated into 4 portions including the upper limb, the lower 

limb, the abdomen and the thorax.  
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2. The arteries in each portion were harvested and each specimen was measured 3 
times before calculating the average. 

3. The upper limb harvested arteries are the radial artery and the ulnar artery. The 
radial artery was harvested from the bifurcation of the brachial artery to the styloid 
process of the radius. The external diameters of this artery were measured at 3 
points by a caliper. The proximal end was measured where it bifurcated from the 
brachial artery. The distal end was measured at the styloid process of the radius. 
The middle point was measured at the mid point between the proximal and the distal 
ends. The length of this artery was measured from the point of origin of the radial 
recurrent artery to the styloid process of the radius by the Tape line. 

4. The ulnar artery was harvested from the bifurcation of the brachial artery to the 
styloid process of the ulna.The external diameters of this artery were measured at 3 
points by a caliper. The proximal end was measured where it bifurcated from the 
brachial artery. The distal end was measured at the styloid process of the ulna. The 
middle point was measured at the mid point between the proximal and the distal 
ends. The length of this artery was measured from the point of origin of the ulnar 
recurrent artery to the styloid process of the ulna by the Tape line. 

5. The thorax harvested arteries are the both IMA. The IMA was harvested from the 
bifurcation of the subclavian artery to the xiphoid process of the sternum. The 
external diameters of this artery were measured at 3 points by a caliper.The proximal 
end was measured where it bifurcated from the subclavian artery. The distal end 
was measured at the xiphoid process of the sternum. The middle point was 
measured at the mid point between the proximal and the distal ends. The length of 
this artery was measured from the bifurcation of the subclavian artery to the xiphoid 
process of the sternum by the Tape line. 

6. The heart harvested artery is the left coronary artery. This artery takes origin from the 
posterior aspect of the root of the ascending aorta and runs to the left behind the 
pulmonary trunk where its major branch arise, the anterior interventricular artery or  
the left anterior descending artery (LAD). This artery descends in the anterior 
interventricular groove toward the apex of the heart. The mid LAD was measured of 
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the external diameter by a caliper at the one-third of the distance from its proximal 
end. 

7. The abdomen harvested artery of the stomach is the RGEA. The RGEA was 
harvested from the pyloric part of the stomach to the left gastorepiploic artery. The 
external diameters of this artery were measured at 3 points by a caliper. The 
proximal end was measured near the pyloric part of the stomach. The distal end was 
measured close to the left gastorepiploic artery. The middle point was measured at 
the mid point between the proximal and the distal ends. The length of this artery was 
measured from the pyloric part of the stomach to the left gastorepiploic artery by the 
Tape line. 

8. The lower limb harvested arteries are the peroneal artery and the posterior tibial  
artery.The peroneal artery was harvested from the bifurcation of the posterior tibial 
artery to the tip of the lateral malleolus of fibula. The external diameters of this artery 
were measured at 3 points by a caliper. The proximal end was measured where it 
bifurcated from the posterior tibial artery. The distal end was measured at the tip of 
the lateral malleolus of fibula. The middle point was measured at the mid point 
between the proximal and the distal ends. The length of this artery was measured 
from the bifurcation of the posterior tibial artery to the tip of the lateral malleolus of 
fibula by the Tape line. 

9. The posterior tibial artery was harvested from lower border of the popliteus muscle 
to the tip of the medial malleolus of tibia. The external diameters of this artery were 
measured at 3 points by a caliper. The proximal end was measured at lower border 
of the popliteus muscle. The distal end was measured at the tip of the medial 
malleolus of tibia. The middle point was measured at the mid point between the 
proximal and the distal ends. The length of this artery was measured from lower 
border of the popliteus muscle to the tip of the medial malleolus of tibia by the Tape 
line. 

10. The body part representing by bony length of each portion was measured by the 
Tape line. The radial artery refers to the radius and the length of this bone is 
measured from the head of radius to the styloid process of the radius. 



 16

11. The ulnar artery refers to the ulna and the length of this bone is measured from the 
olecranon process of the ulna to the styloid process of the ulna. 

12. The IMA refers to the sternum and the length of this bone is measured from the 
sternal notch to the xiphoid process of the sternum. 

13. The peroneal artery refers to the fibula and the length of this bone is measured from 
the head of fibula to the tip of the lateral malleolus of fibula. 

14. The posterior tibial artery refers to the tibia and the length of this bone is measured 
from the medial condyle of the tibia to the tip of the medial malleolus of tibia. 

15. The mean of the external diameter and the length of arteries and also body part 
representing by bony length were analyzed. 

 
2.2  Method of measurement  
            How to measure the external arterial diameter: the cone shape tip calibrating 
probe was inserted lightly into the lumen of the artery until it is fixed, then the external 
diameter was measured at that end by a caliper. The measurement sites were 
summarized in Table 1. 
 
2.3 Statistic analysis 
 

2.3.1 The analysis of difference between the external arterial diameter at each        
          measurement site ( proximal end, middle end, distal end) was determined by   
          the Analysis of variance (Anova) with repeated measures (p value<0.05) from   
          the  Statistical Packages for the Social Science (SPSS) program.60,61 

2.3.2 The analysis of difference between the external arterial diameter of the right     
          and the left sides was determined by the Matched-pairs t-test (p value<0.05)    
          from the SPSS program.60,61 
2.3.3 The analysis of differences length between the arterial length and body part   

representing by bony length of the right and the left sides were determined 
by the Matched-pairs t-test  (p value<0.05) from the SPSS program.60,61 

2.3.4 The analysis of correlation was determined by the Simple linear regression    
          from the SPSS program  for finding the relationship as follows60-63 
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• To consider the associations between the external arterial diameter and 
height and also body part representing by bony length. 

• To consider the associations between the arterial length and height and 
also body part representing by bony length. 

       2.3.5 The analysis of difference between the external arterial diameter of male and 
female was determined by the Unpairs t-test  (p value<0.05) from the SPSS 
program.62,63 

2.3.6 The analysis of differences length between the arterial length and body part 
representing by bony length of male and female were determined by the 
Unpairs t-test (p value<0.05) from the SPSS program.62,63 
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Table 1 Measurement sites of the external diameter, length of arteries and body part 
representing by bony length. 
            
  Artery                                                                       Measurement sites 
                                Diameter (mm)                                            Length(cm) 
                    Proximal    : bifurcation from brachial artery             Begin : near origin of radial recurrent         
RA                  Distal       : styloid process of radius                                   artery 
                       Middle       : between proximal and distal                End    : styloid process of radius 
Radius                                           -                                                  Begin : head of radius 
                                                                                                          End    : styloid process of radius 
                        Proximal : bifurcation from brachial artery               Begin : near origin of ulnar  recurrent                 
UA                  Distal      : styloid process of ulna                                         artery 
                        Middle    : between  proximal and distal                  End    : styloid process of ulna 
Ulna                                             -                                                    Begin : olecranon  process of ulna 
                                                                                                          End    : styloid process of ulna 
                 Proximal : bifurcation from subclavian artery            Begin : bifurcation from subclavian         
IMA                 Distal      : xiphoid  process of sternum                                  artery 
                       Middle    : between  proximal and distal                   End    : xiphoid process of sternum 
Sternum                                      -                                                     Begin : sternal notch 
                                                                                                          End    : xiphoid process of sternum 
                        Proximal: near   pyloric part of stomach                   Begin : near   pyloric part of stomach 
RGEA              Distal     : near left gastroepiploic artery                   End    : near left gastroepiploic artery 
                        Middle   : between   proximal and distal 
                        Proximal : bifurcation from  posterior  tibial  artery   Begin : bifurcation from  posterior tibial    
PA                   Distal      :  tip of lateral   malleolus                                        artery 
                 Middle    : between proximal and distal                     End   : tip of lateral   malleolus 
Fibula                                         -                                                      Begin : head of fibula 
                                                                                                          End    : tip of lateral   malleolus 
                       Proximal : lower border of  popliteus muscle            Begin : lower border of popliteus 
PT                   Distal      : tip  of  medial    malleolus                                     muscle 
                 Middle    : between proximal and distal                    End    : tip of   medial   malleolus 
Tibia                                            -                                                     Begin : medial condyle  of  tibia     
                                                                                                          End    : tip of  medial   malleolus 
 
RA: radial artery, UA: ulnar artery, IMA: internal mammary arteries, RGEA: right gastriepiploic artery, PA: 
peroneal artery, PT: posterior tibial artery, Proximal: the start site of measurement, Distal: the end site of 
measurement, Length : the lengths of arteries were measured  from the beginning site  to the end site. 



CHAPTER  IV 
RESULTS AND DISCUSSIONS 

 

 
Results 
The result of this research can be presented into 8 parts as follows :- 

1. Result of the external arterial diameter. 
2. Result of the arterial length and body part representing by bony length. 
3. Result of the comparison between the external arterial diameter at each 

measurement site. 
4. Result of the comparison between the external arterial diameter of the right 

and left sides. 
5. Result of the comparison between the arterial length and body part 

representing by bony length of the right and the left sides. 
6.   Result of the correlation was divided into: 

6.1 The correlation between the external arterial diameter and height. 
6.2 The correlation between the external arterial diameter and body part     
       representing by bony length. 
6.3 The correlation between the arterial length and height. 
6.4 The correlation between the arterial length and body part 

representing by bony length. 
7. Result of the comparison between the external arterial diameter of male and 

female. 
8. Result of the comparison between the arterial length and body part 

representing by bony length of male and female. 
   
  The result of the external diameter and length of arteries were summarized in Table 2 
for all subjects and were showed in detail with statistical analyses in Tables 3,4,5,6,9 
and 10.  
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1. Result of the external arterial diameter 
 
         The average of the external arterial diameter was presented in mean+ SD (Table 
3). The mean external diameters of the radial artery, the ulnar artery, the IMA, the RGEA, 
the peroneal artery, the posterior tibial artery and the mid LAD were 2.67+0.4mm(n:68),     
2.22+0.17mm(n:68), 2.39+0.24mm(n:62), 2.65+0.12mm(n:31), 2.58+0.8mm(n:48), 
4.57+0.61mm (n:62) and  3.08+0.62mm(n:32),  respectively. 
 
 
 
2. Result of the arterial length and body part representing by bony length 
 
 2.1  The average of the arterial length 
           The result was showed in mean+SD (Table 3). The mean lengths of the radial 
artery, the ulnar artery, the IMA, the RGEA, the peroneal artery and the posterior tibial 
artery were 20.17+1.68cm(n:68), 21.98+1.68cm(n:68), 16.71+1.02cm(n:62), 
16.28+1.71cm(n:32),  23.01+1.43cm(n:66) and  23.27+1.67cm(n:64), respectively. 
 

2.2 The average of the body part representing by bony length 
The result of body part representing by bony length was presented in 

mean+SD (Table 3). The mean lengths of the radius, the ulna, the sternum, the fibula 
and the tibia were 22.09+1.97 cm(n:68), 23.98+2.25cm(n:68),  14.88+1.13cm(n:31),  
33.54+1.71cm(n:70), and 32.38+1.72cm(n:68), respectively. 

 
 

3.Result of the comparison between the external arterial diameter at each 
measurement site 
 
        The result of differences between the external arterial diameter at each 
measurement site (the proximal end, the middle end and the distal end) was showed in 
mean+SD (Table 4). The external diameter at each measurement site of the radial artery, 
the ulnar artery, the IMA, the RGEA, the peroneal artery and the posterior tibial artery 
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were determined by the Anova with repeated measures. The results of the comparison 
between the external arterial diameter showed significant difference of the proximal end, 
the middle end and the distal end at level of p value <0.001. Especially, the external 
diameter of the posterior tibial artery was highly different between the proximal end 
(6.53+0.80mm), the middle end (4.30+0.85mm) and the distal end (2.64+0.58mm). 
However, the external diameter of the RGEA showed significant difference between the 
proximal and the middle ends (p value<0.001), whereas the middle and the distal ends 
showed no significant differences (p value = 0.172). 
 
 
 
4. Result of the comparison between the external arterial diameter of the right 
and the left sides 
          The result was presented in mean+SD (Table 5). Most of the studied arteries; the 
radial artery, the ulnar artery, the IMA, and the posterior tibial artery showed significant 
differences between the external diameters of the right and the left sides (p value<0.05). 
However, the peroneal artery showed no significant difference between the external 
diameter of the right and the left sides (p value = 0.643). 
 
 
 
5. Result of the comparison between length of the artery and body part 
representing by bony length 
       The results of difference between the length of arteries and body part representing 
by bony length were presented in mean+SD (Table 6).  
 

5.1 The comparison between the arterial length of the right and the left sides 
       Most of the studied arteries; the ulnar artery, the IMA, the peroneal artery and 

the posterior tibial artery showed no significant differences between the arterial length of 
the right and the left sides (p value>0.05). However, the radial artery showed significant 
differences between the length of the right and the left sides (p value = 0.001). 
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5.2 The comparison between the body part representing by bony length of the right 

and the left sides 
        The mean difference between length of the body part representing by bony 

length of the radius and the ulna showed significant differences of the right and the left 
sides (p value <0.001). Nevertheless, the mean lengths of the fibula and the tibia 
showed no significant differences between the right and left sides (p value >0.05). 

 
 
 

6. Result of the correlation 
       The results of all correlations were determined by the Simple linear regression60-63 
and presented in many factors are the coefficient of determination (R-square; %), the 
standard error of the estimate (SE), the constant (a), the regression coefficient (b) and p 
value at significant level 0.05. The results of the correlation were divided into 4 parts as 
follows: 

 
      6.1 The correlation between the external arterial diameter and height 

Pairwise correlations between the external arterial diameter and height were 
presented in Table 7. The result of the correlation analysis of the mid LAD showed the 
maximum R-square value (29.6%). The minimum R-square value was 0.1% in the ulnar 
artery. The R-square values of the RGEA, the IMA, the radial artery, the posterior tibial 
artery and the peroneal artery were 12.7%, 10.4%, 6.6%, 1.2% and 0.3%, respectively. 
Most of the external arterial diameters; the radial artery, the ulnar artery, the IMA, the 
peroneal artery and the posterior tibial artery were not correlated with height (p value 
>0.05). However, the external diameters of the RGEA (p value=0.049) and the mid LAD 
(p value=0.001) were weakly and strongly positive correlation with height, respectively 
(Figures 1 and 2). 
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      6.2The correlation between the external arterial diameter and body part    
representing by bony length 

Pairwise correlations between the external arterial diameter and body part 
representing by bony length were presented in Table 7. The results of all the correlations 
analysis showed the smallest R-square values (%) such as the peroneal artery was R-
square value 0.10% and the posterior tibial artery was R-square value 0.00%, 
respectively. The scattergrams for these correlations with the great p value were showed 
in Figures 3 and 4. All of the studied external arterial diameters; the radial artery, the 
ulnar artery, the IMA, the peroneal artery and the posterior tibial artery were not 
correlated with body part representing by bony length (p value >0.05). 

 
      6.3 The correlation between the arterial length and height 
             Pairwise correlations between the arterial length and height were showed in 
detail with statistic analyses in Table 8.The results of correlation analysis showed high 
tendency of the R-square value (%). The maximum R-square value was 75.4% in the 
peroneal artery. The minimum R-square value was 0.3% in the RGEA. The R-square 
values of the radial artery, the IMA, the posterior tibial artery and the ulnar artery were 
73.6%, 66.9%, 50.1% and 40.9%, respectively. The scattergrams for these correlations 
gave the smallest p values. Most of the studied arterial lengths; the radial artery, the 
ulnar artery, the IMA, the peroneal artery and the posterior tibial artery were strongly and 
positively correlated with height (p value <0.001) and inversely length of the RGEA was 
not correlated with height (p value=0.774) (see Figure 5). Figures 6, 7 and 8 shows the 
scattergram for those correlations with the smallest p values. 
 
      6.4 The correlation between the arterial length and body part representing by bony 
length 
           Pairwise correlations between the arterial length and body part representing by 
bony length were presented in detail with statistical analyses in Table 8.The results of all 
the correlations analysis showed the great tendency of R-square values (%). The 
maximum R-square value was 86.6% in the radius. The minimum R-square value was 
58.2% in the tibia. The R-square values of the sternum, the fibula and the ulna were 
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76.5%, 72.4% and 65.4%, respectively. All of the studied arterial lengths; the radial 
artery, the ulnar artery, the IMA, the peroneal artery and the posterior tibial artery were 
strongly and positively correlated with body part representing by bony length (p value 
<0.001). Figures 9 and 10 shows the scattergrams for those correlations with the 
smallest p values. 

 
 

 
7. Result of the comparison between the external arterial diameter of male 
and female 
 
         The results of difference between the external arterial diameter of male and female 
were showed in mean+SD (Table 9). The average external diameters of the radial artery, 
the IMA, the RGEA, the peroneal artery and the posterior tibial artery showed no 
significant differences between the external arterial diameters of male and female (p 
value >0.05). However, the ulnar artery and the mid LAD showed significant differences 
between the external arterial diameters of male and female (p value <0.05).  
 
 
 
8. Result of the comparison between the arterial length and body part 
representing by bony length of male and female  
        The results of difference between the length of arteries and body part representing 
by bony length of male and female were presented in mean+SD (Table 10). 
 
      8.1 The comparison between the arterial length of male and female 
             The average lengths of the radial artery, the ulnar artery, the IMA, the peroneal 
artery and the posterior tibial artery showed significant differences between length of 
male and female (p value<0.05). However, the RGEA showed no significant difference 
between the length of male and female (p value =0.761). 
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     8.2 The comparison between the body part representing by bony length of male 
and female  
             All of the average lengths the body part representing by bony length; the radius, 
the ulna, the sternum, the fibula and the tibia showed significant differences between 
male and female at level of p value <0.001.  
Discussions  
            From our results, all of the studied external arterial diameters (the radial artery, 
the ulnar artery, the IMA, the RGEA, the peroneal artery, the posterior tibial artery and 
the mid LAD) were larger than the standard of vessel size (1.5 mm) for the coronary 
artery bypass graft (CABG). The largest average of the external diameter was 
4.57+0.61mm in the posterior tibial artery and the smallest average of the external 
diameter was 2.2+0.17mm in the ulnar artery. The longest average length was 
23.27+1.67cm in the posterior tibial artery and the shortest average length was 
16.28+1.71cm in the RGEA. The longest average length of the body part representing 
by bony length was 33.54+1.71cm in the fibula and the shortest average length was 
14.88+1.13 cm in the sternum (Table 3). The result of this study was different from other 
reports due to the method of measurement (the internal or external diameter), the 
specimens (the cadavers or patients) and the instruments (Table 11). Yoshimura et 
al.199057 measured external diameter of the peroneal artery on 40 Japanese adult 
cadavers by means of the operating microscope. The mean external diameter of the 
peroneal artery was 1.6+0.2 mm. In 1993 Strauch54 described external diameter of the 
RGEA on adult cadavers by a caliper. The mean external diameter of the RGEA was 
2.80+0.9 mm. Wu et al. 1993 58 determined external diameter of the posterior tibial artery 
on 10 fresh cadavers with a microscope. The mean external diameter of the posterior 
tibial artery was 10+0.50 mm. Guerra et al. 1993 47 described external diameter of the 
left coronary artery close to the mid LAD in 100 patients by using the ultrafast computed 
tomography (UFCT). The mean external diameter of this artery was 4.23+0.85 mm. In 
1996 Shima et al.51 measured internal diameter of the radial and the ulnar arteries on 52 
Japanese cadavers by means of the stereoscopic microscope (SMZ). The mean 
external diameters of the radial and the ulnar arteries were 2.3+0.5 mm and 1.6+0.5 
mm, respectively. O' Connor et al. 1996 48 determined internal diameter of the mid LAD 
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in 1325 patients undergoing CABG with a set of graduated probes. The mean internal 
diameter of the mid LAD was 2.04 mm for men and 1.81 mm for women. In 1997 Feng 53 

measured external diameter of the IMA in 81 patients underwent breast free-flap 
reconstruction by a caliper.The mean external diameter of the IMA was 2.36+0.55 mm. 
The external arterial diameter in the present study tended to be slightly less than in other 
reports (Strauch 1993, Wu et al. 1993, Guerra et al. 1993). However, the external 
diameter of the peroneal artery in this study tended to be slightly more than that 
reported by Yoshimura et al. (1990). These results show that the mean of external 
arterial diameters were differences between the instruments (the caliper and the other 
instruments). The external diameter of the IMA in this study was similar to that reported 
by Feng (1997). This result presents that the mean of external arterial diameters were no 
differences between the specimens (the cadavers and the patients). In the present 
study, a tape line was used to measure the distance of arteries between the 
measurement points. This method is as well as accurate from other methods for 
measuring vessels (Shima 1996 used a silk thread to measure the vessels length). The 
average length of artery in the present study is suitable for a free graft in CABG. 
 
         In this study, the differences between the external arterial diameters at each 
measurement site showed significant differences of the proximal, the middle and the 
distal ends (p value <0.001), except for the RGEA diameter showed no significant 
differences between the middle and the distal ends (p value =0.172). These results 
show that the RGEA is invariable in its size (Table 4). Moreover, the external arterial 
diameter decreased from the proximal to distal portions. From our results, regarding the 
arterial width, if an artery of large diameter is needed for anastomosis, the proximal site 
is suitable for anastomosis. 
 
         The presented results of the mean external arterial diameters showed significant 
differences between the right and the left sides (p value<0.05). However, the peroneal 
artery diameter showed no significant difference between the right and the left sides (p 
value=0.643) (Table 5). The mean arterial lengths showed no significant differences 
between the right and the left sides (p value>0.05), except for the radial artery length 
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showed significant difference between the right and the left sides (p value=0.001). This 
result presents the length of artery on both sides can be used as a conduit for CABG. 
The mean lengths of the radius and the ulna showed significant differences between the 
right and left sides (p value<0.001). However, the mean lengths of the fibula and the 
tibia showed no significant differences between the right and the left sides (p 
value>0.05) (Table 6). 
 
         Regarding to the correlation of the external arterial diameter and height and also 
body part representing by bony length, we found that all of the simple linear regressions 
of the external arterial diameter and height and also the body part representing by bony 
length show the smallest R-square values (less than 50%). The external diameters of the 
radial artery, the ulnar artery, the IMA, the peroneal artery and the posterior tibial artery 
were not correlated with both height and body part representing by bony length (p 
value>0.05). However, the external diameters of the RGEA (p value=0.049) and the mid 
LAD (p value=0.001) were weakly and strongly positive correlation with height, 
respectively (Table 7). These results showed that the height and the body part 
representing by bony length were no significant effect on the external arterial diameter in 
our study. 
 
         The correlation between the arterial length and height gave high tendency of R-
square value that are the maximum R-square value in the peroneal artery (75.4%), the 
radial artery (73.6%) and the minimum R-square value in the RGEA (0.3%). Most of the 
correlations between the arterial length were strongly and positively correlated with 
height (p value<0.001). However, the RGEA length was not correlated with height (p 
value=0.774) (Table 8 and Figures 5, 6, 7 and 8). In addition to all of the correlations 
between the arterial length and body part representing by bony length showed good R-
square values (more than 50%). All of the correlations between the arterial length were 
strongly and positively correlated with the body part representing by bony length (p 
value<0.001)  (Table 8 and Figures 9 and 10).  In the present study, the height and the 
body part representing by bony length were found to be the strongest independent 
predictor of the arterial length in Thai adult. 
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        The comparison of the external arterial diameters in this study showed no 
significant differences between male and female (p value>0.05)(Table 9). Most of 
average arterial lengths showed significant differences between male and female (p 
value<0.05). Moreover, all of the average lengths of the body part representing by bony 
length showed significant difference between male and female (p value<0.001) (Table 
10). 
           
        From our findings, the result shows that the posterior tibial artery was the largest 
average of external diameter (4.57+0.61mm), and the longest average length 
(23.27+1.67cm), variable in its size and less prone to vasospasm. The external diameter 
and length of the radial artery and the IMA are suitable for CABG, but their greater 
tendency to vasospasm.64-66 The radial and the ulnar arteries were necessitates prior 
assessment of collateral circulation to the hand by the Allen test,67,68 with visual 
assessment  the skin of the palm and digits. The peroneal artery was good length, but 
variable in its size and complicated to harvest with the tibial nerve. The right 
gastroepiploic artery was a good length and caliber for CABG, but its greater tendency 
to vasospasm.69,70   Currently, the radial artery and the right gastroepiploic artery are 
widely used for CABG. Some patients lack graft conduits for redo CABG, therefore 
another source of conduit must be considered. The posterior tibial artery has been 
widely used for vascular flaps in plastic and reconstruction surgery.71  In recent year, the 
posterior tibial artery was used graft for a redo coronary artery bypass graft in Thai 
patient, who did not have diabetes mellitus and also did not have peripheral vascular 
disease and successful of the operation and without any morbidity.59Therefore, the 
posterior tibial artery is suitable for a new choice of arterial conduit in CABG. In the 
present study, the external diameter of this artery is larger than other arteries such as 
the radial artery, the ulnar artery and the IMA. The distal diameter of the posterior tibial 
artery was around 2.6 mm, the middle diameter was around 4.3 mm and the proximal 
diameter was about 6.5 mm. A proximal anastomosis at the ascending aorta is easier 
when compared to another artery.  
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Table 2  Descriptive statistic for the external diameter (mm) and the length of 
arteries (cm). 
 
     Artery                        Length           External  diameter   Difference diameter Difference length  
                                                                                          I &II & III         left & right side            
      mean +SD(CV)     20.17+ 1.68(8.33)      2.67+ 0.4(14.98)            
RA median+ IQR        20.11+ 3.16                2.51+ 0.74                    significant                 significant 
      range                           4.76                          1.22                         (p <0.001)                  (p=0.001) 
      N                                  68                              68                                 68                             60 
      mean +SD(CV)     21.98+ 1.68(7.64)       2.22+ 0.17(7.66)            
UA median+ IQR        21.91+ 2.67                2.17+ 0.17                   significant               not  significant 
      range                           6.47                          0.78                         (p <0.001)                (p =0.235) 
      N                                  68                               68                               68                             58 
        mean +SD(CV)  16.71+ 1.02(6.10)      2.39+ 0.24(10.04)            
IMA median+ IQR      16.52+ 1.11               2.37+ 0.26                     significant               not  significant 
        range                         4.22                         1.04                          (p <0.001)                 (p =0.505) 
        N                                 62                            62                                 62                             62 
        mean +SD(CV)  16.28+ 1.71(10.50)     2.65+ 0.12(4.53)            
RGEAmedian+ IQR   16.52+ 2.60                2.66+ 0.14                     significant                          - 
         range                       7.67                          0.50                     (p<0.001, p=0.172) 
         N                               32                             31                                 31 
       mean +SD(CV)     23.01+ 1.43(6.21)      2.58+ 0.80(31.00)            
PA median+ IQR        23.22+ 1.44                2.38+ 0.67                   significant              not  significant 
      range                          6.73                            3.26                       (p <0.001)                (p =0.958) 
      N                                  66                               48                              48                             52 
      mean +SD(CV)     23.27+ 1.67(7.18)     4.57+ 0.61(13.35)            
PT  median+ IQR        23.83+ 1.88                4.50+ 1.02                    significant *         not  significant 
      range                            6.94                          2.27                         (p <0.001)             (p =0.396) 
      N                                    64                              62                                60                            54 
mid  mean +SD(CV)                                     3.08+ 0.62(20.13)              
LAD median+ IQR                 -                      2.85+ 0.55                            -                                 -       
        range                                                          2.50 
        N                                                                   32 
RA: radial artery, UA: ulnar artery, IMA: internal mammary arteries, RGEA: right gastroepiploic artery, 
PA: peroneal artery, PT: posterior tibial artery, mid LAD: mid left anterior descending artery, IQR:  
interquartile  range, CV:  coefficient of variation, I : the proximal site, II : the middle site, III: the distal  
site, N: number of subjects, PT* : The external diameter of  the posterior  tibial  artery  was highly  
different  between  the proximal site ( 6.53 + 0.80 mm), the middle site (4.30+0.85 mm) and the distal 
site (2.64+0.58 mm). 
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Table 3 The mean of external diameter (mm) and the length of arteries (cm) 
and also body part representing by bony length (cm). 
 
     Artery                  External  diameter             Length of artery                Length of bone 
                                                                                           
        mean +SD(CV)        2.67+ 0.4(14.98)                 20.17+ 1.68(8.33)            22.09+ 1.97(8.92) 
RA   median+ IQR           2.51+ 0.74                           20.11+ 3.16                     21.58+ 3.62    
        range                           1.22                                       4.76                                  6.58          
        N                                   68                                          68                                      68 
       mean +SD(CV)       2.22+ 0.17(7.66)                   21.98+ 1.68(7.64)            23.98+ 2.25(9.38) 
UA  median+ IQR          2.17+ 0.17                            21.91+ 2.67                      24.35+ 3.98 
       range                           0.78                                         6.47                                  7.61 
       N                                  68                                             68                                      68 
        mean +SD(CV)      2.39+ 0.24(10.04)               16.71+ 1.02(6.10)              14.88+ 1.13(7.59) 
IMA median+ IQR         2.37+ 0.26                           16.52+ 1.11                        14.57+1.54 
        range                          1.04                                      4.22                                    3.90 
        N                                  62                                          62                                        31 
        mean +SD(CV)      2.65+ 0.12(4.53)                  16.28+ 1.71(10.50)            
RGEAmedian+ IQR       2.66+ 0.14                           16.52+ 2.60                                    -             
         range                         0.50                                        7.67                                  
         N                                 31                                          32 
        mean +SD(CV)        2.58+ 0.80(31.00)                 23.01+ 1.43(6.21)           33.54+ 1.71(5.10) 
PA  median+ IQR           2.38+ 0.67                             23.22+ 1.44                    34.30+ 12.80 
       range                           3.26                                         6.73                                  5.89  
       N                                   48                                             66                                     70 
       mean +SD(CV)      4.57+ 0.61(13.35)                  23.27+ 1.67(7.18)            32.38+ 1.72(5.31)    
PT   median+ IQR         4.50+ 1.02                             23.83+ 1.88                      32.28+ 3.61             
       range                          2.27                                          6.94                                   4.66        
       N                                  62                                             64                                       68 
mid  mean +SD(CV)     3.08+ 0.62(20.13)              
LAD median+ IQR        2.85+ 0.55                                        -                                          - 
        range                          2.50 
        N                                 32 
RA: radial artery, UA: ulnar artery, IMA: internal mammary arteries, RGEA: right gastroepiploic artery, 
PA: peroneal artery, PT: posterior tibial artery, mid LAD: mid left anterior descending artery, IQR: 
interquartile range, CV: coefficient of variation, N: number of subjects. 
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            Table 4  The comparison of the external arterial diameter at measurement site (mm). 

 
Measurement  site Artery 

Proximal Middle Distal 
P-value N 

Radial artery 2.78+0.40 2.67+0.41 2.57+0.40 <.001 68 
Ulnar artery 2.27+0.17 2.21+0.16 2.16+0.17 <.001 68 
Internal mammary arteries 2.43+0.25 2.39+0.24 2.35+0.24 <.001 62 
Right gastroepiploic artery 2.65+0.12 2.64+0.12 2.64+0.12 * 31 
Peroneal artery 2.97+0.98 2.55+0.81 2.21+0.71 <.001 48 
Posterior tibial artery 6.53+0.80 4.30+0.85 2.64+0.58 <.001 60 

 
                     * Representing the external diameter of RGEA at each measurement site found that at the proximal end and  
                     the middle end were significant differences (p value < 0.001). However, the middle end and the distal end  
                    were  no significant differences (p value=0.172), N : number of subjects, Mean + SD (mm). 
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                  Table 5  The comparison between the external arterial diameter of the right and the left sides  (mm). 
 

Diameter Artery 
Right side Left side 

P-value N 

Radial artery 2.73+0.41 2.58+0.42 <.001 60 
Ulnar artery 2.22+0.18 2.19+0.17 .035 60 
Internal mammary arteries 2.45+0.25 2.33+0.24 <.001 62 
Peroneal artery 2.36+0.43 2.38+0.51 .643 26 
Posterior tibial artery 4.66+0.67 4.49+0.65 .031 42 

 
                 N :  number of subjects, Mean + SD (mm). 
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Table 6 The comparison length between the arterial length and body part representing by bony length of the right and the 
left sides  (cm). 
 

Length Artery 
Right side Left side 

P-value N 

Radial artery 20.19+1.69 19.90+1.67 .001 60 
Radius 22.27+2.01 21.95+1.94 <.001 64 
Ulnar artery 21.97+1.66 21.80+1.75 .235 58 
Ulna 24.15+2.19 23.81+2.24 <.001 64 
Internal mammary arteries 16.70+1.09 16.73+0.97 .505 62 
Peroneal artery 22.68+1.07 22.68+1.08 .958 52 
Fibula 33.46+1.80 33.43+1.83 .826 64 
Posterior tibial artery 23.16+1.58 23.01+1.64 .396 54 
Tibia 32.38+1.78 32.25+1.79 .485 66 

 
 N : number of subjects, Mean + SD (cm). 
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Table 7   The summary correlation of external diameter (mm)  and  height  (cm) and also body part representing by bony length (cm).         
 

Height Bone length External 
diameter R2 SE a b P-value N R2 SE a b P-value N 
RA 6.6 0.395 0.411 1.37E-02 0.144 68 8.6 0.390 1.345 6.00E-02 0.092 68 
UA 0.10 0.168 2.124 5.57E-04 0.887 68 0.50 0.168 2.342 -5.23E-03 0.690 68 
IMA 10.4 0.232 0.781 9.76E-03 0.077 62 6.1 0.238 1.606 5.273E-02 0.179 31 
RGEA 12.7 0.113 1.727 5.59E-03 0.049 31 - - - - - - 
PA 0.30 0.818 3.534 -5.75E-03 0.801 48 0.10 0.819 3.004 -1.26E-02 0.907 48 
PT 1.20 0.612 3.121 8.82E-03 0.561 62 0.00 0.616 4.684 -3.41E-03 0.959 62 
mid LAD 29.6 0.528 -3.96 4.27E-02 0.001 32 - - - - - - 

 
 R2 :  coefficient of determination (%),  SE :  standard error of the estimate, a : constant,  b : regression coefficient,  N  :  number of subjects,  RA :   
 radial artery,  UA : ulnar artery,  IMA :  internal mammary  arteries,  RGEA :  right  gastroepiploic artery,  PA : peroneal artery,  PT : posterior tibial 
 artery, mid LAD :  mid  left  anterior  descending artery. 
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  Table 8  The summary correlation of arterial length (cm) and  height (cm)  and also body part representing by bony  length (cm). 
 

Height Bone length Length of 
arteries R2 SE a b P-value N R2 SE a b P-value N 
RA 73.6 0.878 -11.51 0.191 0.00 68 86.6 0.626 2.578 0.796 0.00 68 
UA 40.9 1.310 -1.60 0.142 0.00 68 65.4 1.00 7.492 0.604 0.00 68 
IMA 66.9 0.60 -0.62 0.105 0.00 62 76.5 0.504 4.960 0.790 0.00 31 
RGEA 0.30 1.738 18.26 -1E-02 0.774 32 - - - - - - 
PA 75.4 0.721 -4.61 0.168 0.00 66 72.4 0.764 -0.98 0.718 0.00 66 
PT 50.1 1.20 -2.76 0.158 0.00 64 58.2 1.10 -0.54 0.737 0.00 64 

 
       R2 :  coefficient of determination (%), SE : standard error of the estimate, a : constant, b : regression coefficient, N : number of subjects, RA : 
       radial artery, UA : ulnar artery,  IMA :  internal mammary arteries, RGEA :  right gastroepiploic artery, PA : peroneal artery, PT : posterior tibial 
       artery. 
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            Table 9   The comparison between the external arterial diameter (mm) of male and female. 
 

Artery Diameter P-value N 
 Male Female   
Radial artery 2.61+0.35 2.75+0.46 .317 38,30 
Ulnar artery 2.17+0.11 2.28+0.20 .041 38,30 
Internal mammary arteries 2.42+0.26 2.34+0.22 .350 28,34 
Right gastriepiploic artery 2.68+0.11 2.62+0.13 .162 15,16 
Peroneal artery 2.73+0.96 2.40+0.55 .325 26,22 
Posterior tibial artery 4.73+0.69 4.43+0.49 .171 30,32 
mid left anterior descending artery 3.34+0.75 2.81+0.28 .011 16,16 

 
                   N : number of subjects between male and female respectively,  Mean +SD (mm). 
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Table 10 The comparison length between the arterial length and body part representing by bony length (cm) of male and 
female.  

Artery Length P-value N 
 Male Female   

Radial artery 21.15+1.48 18.93+0.97 <.001 38,30 
Radius 23.12+1.83 20.80+1.26 <.001 38,30 
Ulnar artery 22.64+1.85 21.15+0.95 .008 38,30 
Ulna 25.04+2.26 22.63+1.36 .001 38,30 
Internal mammary arteries 17.37+0.84 16.18+0.84 <.001 28,34 
Sternum 15.76+0.79 14.15+0.81 <.001 28,34 
Peroneal artery 24.02+1.11 22.16+1.08 <.001 30,36 
Fibula 34.82+0.57 32.31+1.51 <.001 34,36 
Posterior tibial artery  24.18+1.48 22.46+1.43 .002 30,34 
Tibia 33.68+1.16 31.22+1.22 <.001 32,36 
Right gastriepiploic artery  16.37+1.63 16.18+1.84 .761 16,16 

N : number of subjects between male and female respectively,  Mean+SD (cm). 



 38
 
 
Table 11  The comparison of the arterial data between this study and another study.  
 
 
  Another Study        Artery                   Method        Specimens   Instrument      This   study           
                             (mm)                                                                                                (mm) 
                                                                                                         
 Shima  et  al.        RA : 2.3+ 0.5         Internal diameter     cadavers         SMZ           RA  :2.67+0.40       
    (1996)               UA :1.6 + 0.5                                                                                     UA : 2.22+0.17 
 
       Feng             IMA   :2.36+0.55     External diameter    patients          caliper      IMA   : 2.39+ 0.24 
     (1997)            RIMA : 2.52+ 0.51                                                                            RIMA : 2.45+ 0.25 
                            LIMA : 2.30+ 0.55                                                                            LIMA : 2.33+ 0.24            
 
   Strauch            RGEA :  2.8+ 0.9     External diameter    cadavers      caliper         RGEA : 2.65+0.12              
   (1993) 
         
         
Yoshimura et al.   PA :  1.6+ 0.2         External diameter    cadavers     operating      PA : 2.58+0.80 
      (1990)                                                                                               microscope 
 
        
   Wu et al.            PT : 10+ 0.50         External diameter    cadavers    microscope   PT : 4.57+0.61 
    (1993) 
       
Guerra et al.        LD : 4.23+ 0.85      External diameter    patients        UFCT            mid LAD: 3.08+0.62 
  (1993) 
 
O' Connor et al.   mid LAD :                Internal diameter    patients       graduated     mid LAD :                               
     (1996)            Men       : 2.04                                                               probes        Men    : 3.34+0.75 
                            Women :1.81                                                                                    Women :2.81+0.28 
 
RA: radial artery, UA: ulnar artery, IMA: internal mammary arteries, RIMA: right internal mammary 
artery, LIMA: left internal mammary artery, RGEA: right gastroepiploic artery, PA: peroneal artery, PT: 
posterior tibial artery, LD: the left coronary artery close to the mid LAD, mid LAD: mid left anterior 
descending artery, SMZ: the stereoscopic microscope, UFCT: the ultrafast computed tomography, 
This study: the method of measurement was made in term of the external diameter, mean + SD (mm). 
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Fig 1  Scattergram of the RGEA diameter (mm) versus height (cm) :coefficient of 
determination was 12.7%, n: 31. 
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Fig  2  Scattergram of the mid LAD diameter (mm) versus height (cm) :coefficient of 
determination was 29.6%, n: 32. 
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Fig 3  Scattergram of the peroneal artery diameter (mm) versus body part representing by 
bony length; fibula length (cm) :coefficient of determination was 0.10%, n: 48. 
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Fig 4  Scattergram of the posterior tibial artery diameter (mm) versus body part 
representing by bony length; tibia length (cm) :coefficient of determination was 0.00%,n: 62. 
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Fig 5  Scattergram of RGEA length (cm) versus height (cm) :coefficient of determination 
was 0.30%, n: 32. 
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Fig 6 Scattergram of radial artery length (cm) versus height (cm): coefficient of 
determination was 73.6%, n: 68. 
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Fig 7  Scattergram of the IMA length (cm) versus height (cm) :coefficient of determination 
was 66.9%, n: 62. 
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Fig 8  Scattergram of the peroneal artery length (cm) versus height (cm) :coefficient of  
determination was 75.4%, n: 66. 
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Fig 9  Scattergram of the radial artery length (cm) versus body part representing by bony 
length; radius length (cm) :coefficient of determination was 86.6%, n: 68. 
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Fig 10   Scattergram of the IMA length (cm) versus body part representing by bony length; 
sternum length (cm) :coefficient of determination was 76.5%, n: 31. 



CHAPTER  V 
CONCLUSION AND RECOMMENDATION 

 

           Ishemic heart disease is the common cause of death of Thai people in middle to 
late age. Atherosclerosis is believed to be the main cause of coronary artery stenosis. 
Coronary artery bypass graft (CABG) is now an accepted method of treatment for 
patients who have obstructive coronary stenosis. The vessel size greater than 1.5 mm in 
diameter is suitable for CABG. In this research, we choose to study the radial artery, the 
ulnar artery, the IMA, the RGEA, the peroneal artery and the posterior tibial artery for 
new choices of arterial conduit. 
           From our study, we found basis of anatomical data of arteries with regarding to 
select alternative arterial conduits for CABG. These findings suggest a new choice for 
CABG. The posterior tibial artery is suitable for CABG due to the appropriated size, 
length and less tendency to vasospasm. The correlation between the external diameter 
was not correlated with both height and body part representing by bony length (p value 
>0.05). Moreover, the correlation between arterial length was correlated with both height 
and body part representing by bony length (p value <0.001). Therefore, it is concluded 
that the external diameter of arteries cannot be predicted from height and body part 
representing by bony length. However, length of arteries can be predicted from height 
and body part representing by bony length in Thai adult whose ages ranged from 45 to 
91 years. 
            In this study, we can predict the length of artery from two of the linear regression 
equations: 
 

1. Length of artery (cm)  = constant (a) + regression coefficient (b) Height 
(cm) 

 
             2.   Length of artery (cm)   = constant (a) + regression coefficient (b) Body part       
                                                           representing by bony length (cm) 
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1. Length of artery  (cm)  = constant(a) + regression coefficient(b) Height (cm) 

                    Radial artery length                = (-11.51)+ (0.19)  Height  

                    Ulnar artery  length                 = (-1.60)  + (0.14)  Height 

                    IMA length                              = (-0.62)  +  (0.11) Height 

                    Peroneal artery length            = (-4.61)  +  (0.17)  Height 

                    Posterior tibial artery length    = (-2.76)  +  (0.16) Height 

 
 
       2.   Length of artery (cm)    =   constant (a) + regression coefficient (b) Body part  
                                                 representing by bony length (cm) 

                    Radial artery length                =  2.58 + 0.80   Radius length  

                    Ulnar artery  length                 =  7.49 + 0.60   Ulna  length 

                    IMA length                              = 4.96 + 0.79    Sternum length  

                    Peroneal artery length            = (-0.98)+0.72   Fibula length  

                    Posterior tibial artery length    = (-0.54)+0.74  Tibia  length 
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Results of statistical analysis 

 

           1. The statistic used for the analysis of the correlation in this study was the Simple 
linear regression. The correlation were separately analyze.  

 

 

 
A :  Scattergram of external arterial diameter and height 
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Figure 1   Scattergram of radial artery diameter (mm) versus height (cm): coefficient of 
determination was 6.6%, n: 68. 
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Figure 2   Scattergram of ulnar artery diameter (mm) versus height (cm): coefficient of 
determination was 0.10%, n: 68. 
 
 

HEIGHT  (cm)

190180170160150

IM
A

  D
IA

M
E

TE
R

   
 (m

m
)

3.2

3.0

2.8

2.6

2.4

2.2

2.0

1.8

gender

male

female

 
Figure 3   Scattergram of IMA diameter (mm) versus height (cm) : coefficient of 
determination was 10.40%, n: 62
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Figure 4   Scattergram of peroneal artery diameter (mm) versus height (cm): coefficient of 
determination was 0.30%, n: 48. 
 
 

HEIGHT  (cm)

190180170160150

PT
   

D
IA

M
ET

ER
 (m

m
)

6.0

5.5

5.0

4.5

4.0

3.5

3.0

gender

male

female

 
Figure 5  Scattergram of posterior tibial artery diameter (mm) versus height (cm): coefficient 
of determination was 1.20%, n: 62. 
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B : Scattergram of external arterial diameter and body part representing by bony 
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Figure 1   Scattergram of radial artery diameter (mm) versus body part representing by 
bony length ; radius length (cm): coefficient of determination was 8.6%, n: 68. 
 

ULNA  LENGTH (cm)

2826242220

U
LN

A
R

  A
R

TE
R

Y
  D

IA
M

E
TE

R
  (

m
m

)

2.8

2.6

2.4

2.2

2.0

1.8

gender

male

femal

 
Figure 2   Scattergram of ulnar artery diameter (mm) versus body part representing by 
bony length ; ulna length (cm): coefficient of determination was 0.50%, n: 68. 
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Figure 3   Scattergram of IMA diameter (mm) versus body part representing by bony length 
; sternum length (cm): coefficient of determination was 6.10%, n: 31. 
 

C : Scattergram of arterial length and height 
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Figure 1 Scattergram of ulnar artery length (cm) versus height (cm) : coefficient of 
determination was 40.9%, n: 68. 
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Figure  2  Scattergram of posterior tibial artery length (cm) versus height (cm): coefficient of 
determination was 50.1%, n: 64. 
 

D : Scattergram of arterial length and body part representing by bony length 
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Figure 1   Scattergram of ulnar artery length (cm) versus body part representing by bony 
length ; ulna length (cm): coefficient of determination was 65.4%, n: 68. 
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Figure 2   Scattergram of peroneal artery length (cm) versus body part representing by 
bony length ; fibula length (cm): coefficient of determination was 72.4%, n: 66. 
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Figure 3   Scattergram of posterior tibial artery length (cm) versus body part representing 
by bony length ; tibia  length (cm): coefficient of determination was 58.2%, n: 64. 
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2. The statistic used for the analysis of differences between the external arterial diameter of the right and the left sides 
were analyzed by Matched-pairs t-test. 
 

            Figure  1   Comparison of the mean+SD between the external arterial diameter (mm) of the  right and the left sides. 
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3. The statistic used for the analysis of differences between the arterial length and body part representing by bony length 
of the right and the left sides were analyzed by Matched-pairs t-test. 
 

Figure  2  Comparison of the mean+SD between the arterial length (cm) and body part representing by bony length(cm)  of the  right and 
the left sides. 
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                          4. The statistic used for the analysis of differences between the external arterial diameter, the length of     
        arteries and also the body part representing by bony length of male and female were analyzed by Unpaired t-test. 
 

             Figure  3   Comparison of the mean+SD between the external arterial diameter (mm) of  male and female. 
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Figure  4     Comparison of the mean+SD between  the  arterial length (cm) and body part representing by bony length (cm)  of  male      
 and female. 
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