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Introduction

The popliteal artery (PA), a peripheral muscular artery, is, 
after aorta, a central elastic artery, the most common site for 
aneurysm formation. About 30% of patients with popliteal 
aneurysm will develop abdominal aortic aneurysm (AAA)1 
and 5% of patients with AAA may be affected with a pop-
liteal aneurysm.2

Arterial distensibility in peripheral muscular arteries 
shows no or very little age-related changes in contrast to 
central elastic arteries where a large decrease in distensibil-
ity is seen.3–8 However, a paper from our group suggests 
that the wall function of the PA differs from other periph-
eral arteries with a marked age-related decrease in distensi-
bility.9 In this aspect, the PA shows a striking similarity to 
the abdominal aorta, indicating that the functional arrange-
ments of arterial wall components as well as the age-related 
changes are similar in the two arterial regions.9 This may 
have implications for the similar susceptibility to aneurysm 
formation, as well as the association of dilating disease 
between the PA and the abdominal aorta.

The possibility of an imbalance between circumferential 
wall stress and wall strength, being an underlying factor 
responsible for arterial dilatation, has been emphasized by 

the found relation between blood pressure and diameter 
increase both in healthy arteries and in arteries affected by 
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Abstract
The popliteal artery (PA) is, after aorta, the most common site for aneurysm formation. Why the PA is more susceptible 
than other peripheral muscular arteries is unknown. We hypothesized that the wall composition, which in turn affects 
wall properties, as well as the circumferential wall stress (WS) imposed on the arterial wall, might differ compared to 
other muscular arteries. The aim was to study the WS of the PA in healthy subjects with the adjacent, muscular, common 
femoral artery (CFA) as a comparison. Ninety-four healthy subjects were included in this study (45 males, aged 10–78 
years and 49 females, aged 10–83 years). The diameter and intima-media thickness (IMT) in the PA and CFA were 
investigated with ultrasound. Together with blood pressure the WS was defined according to the law of Laplace adjusted 
for IMT. The diameter increased with age in both PA and CFA (p<0.001), with males having a larger diameter than females 
(p<0.001). IMT increased with age in both PA and CFA (p<0.001), with higher IMT values in males only in PA (p<0.001). 
The calculated WS was unchanged with age in both arteries, but lower in PA than in CFA in both sexes (p<0.001). In 
conclusion, this study shows that the PA and CFA WS is maintained during aging, probably due to a compensatory 
remodelling response with an increase in arterial wall thickness. However, the stress imposed on the PA wall is quite low, 
indicating that mechanisms other than WS contribute to the process of pathological arterial dilatation in the PA.
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aneurysmal dilatation.9,10 The aim of this study was to 
investigate, in healthy subjects, if there is a different regula-
tion of circumferential wall stress in the PA compared to 
another peripheral muscular artery; the common femoral 
artery (CFA), not being affected by pathological dilation at 
the same extent as the PA.

Materials and methods

Materials

Ninety-four healthy subjects participated in this study (45 
males, range 10–78 years and 49 females, range 10–83 
years). In 44 males and 45 females, ultrasonic examination 
of the diameter and intima-media thickness (IMT) of the PA 
was performed successfully, and of the CFA in 36 males 
and 42 females.

The subjects were all non-smokers, free from medica-
tions and did not have any history of hypertension, cardio-
pulmonary or renal disease, cerebral-vascular events, 
diabetes or intermittent claudication. The ankle–brachial 
index (ABI) was greater than 1.0 in all subjects. Pregnancy 
was an exclusion criterion. All subjects gave informed con-
sent to participate in this study according to the Declaration 
of Helsinki, and the Ethics Committee at Lund University, 
Sweden, approved the study.

Examination

The measurements were performed by an experienced 
ultrasound technician in a darkened and quiet room. At the 
beginning of the investigation the non-invasive pressure 
was measured with a cuff in the upper arm bilaterally. Since 
no significant difference in pressure between the arms was 
found, the right arm was used due to the location of the 
ultrasound equipment in the investigation room.

The subjects rested in a supine position for at least 15 
minutes before the ultrasound measurements. The right 
CFA was examined at the site of the inguinal fossa, with the 
hip joint as a landmark and the right PA was examined at 
the site of the popliteal fossa, with the patient prone, using 
the patella as a landmark. The arteries were visualized in 
the longitudinal section and care was taken to minimize 
pressure from the transducer to the skin.

Measurement of intima-media thickness 
and lumen diameter

The IMT was measured as a substitute to arterial wall thick-
ness.11 The adventitial layer was not included, but it is evi-
dent that the major part of the wall is studied.12,13 Further, 
the relation between adventitial thickness and the IMT is 
unaffected by sex or age.14 Accordingly, during recent years 
the IMT has been used as a surrogate to arterial wall thick-
ness in the calculation of wall stress.11,15–18

For measuring the IMT and lumen diameter (LD), a 
Philips P700 ultrasound device was used (Philips Ultrasound, 
Santa Ana, CA, USA) with a 7.5 MHz linear transducer to 
visualize the CFA and a 5 MHz linear transducer to visualize 
the PA. A longitudinal perpendicular image of the vessel 

was insonated and recorded on a video monitor, two images 
of good quality were frozen in end-diastole, according to the 
prevailing standard of IMT measurements, and the IMT of 
the far wall as well as the LD were measured manually by 
tracing a cursor along the echo edges on a section of 10 mm 
with the aid of the digitizer.11,19,20 This provides approxi-
mately 100 boundary points from which the mean value of 
IMT and LD is automatically calculated (VAP version 2.0, 
Department of Applied Electronics, Chalmers University of 
Technology, Gothenburg, Sweden). The accuracy of the 
technique was studied by Pignoli et al.,20 who showed a good 
correlation between ultrasound and histology measurement 
of the arterial wall. The reproducibility in the PA and CFA 
measurements is acceptable, coefficient of variation 10% 
and 2% for IMT and LD, respectively.11 The mean value of 
IMT and LD was calculated based on two images with good 
recording quality.

Wall stress

Stress is the force per unit cross-sectional area. In the artery, 
stresses are present along the circumferential, the radial and 
the longitudinal axes. Since arteries elongate little during 
the cardiac cycle and the compression of the vessel wall is 
considered negligible, we have focused on the circumferen-
tial wall stress (dyne/cm2), calculated according to the law 
of Laplace21,22

 
Wall stress 

DP LD 2

IMT

x

=
/

 (1)

where DP = diastolic pressure, LD = the lumen diameter 
(cm) and IMT = intima-media thickness (cm). Diastolic 
pressure (dyne/cm2) was used since IMT measurements 
were performed in diastole: 1 mmHg equals 1333 dyne/
cm2. Body surface area (BSA) was estimated according to 
Du Bois’s formula:23 BSA (m2) = weight0.425 (kg) × 
height0.725 (m) × 71.84.

IMT was used in the measurements as arterial wall 
thickness, even though the adventitia layer is not included 
in IMT. However, evidence points out that the major part of 
the total wall thickness is included as shown (e.g. in the 
abdominal aorta, iliac and coronary arteries). Further, since 
the relation between adventitial thickness and the IMT does 
not seem to be affected by age and sex, this approximation 
is acceptable. Accordingly, during recent years IMT has 
been used as a surrogate for wall thickness in the calcula-
tion of WS.17,18,24–27

When measuring the diastolic blood pressure, it would 
be favourable to measure it invasively ‘in situ’, since the 
blood pressure undergoes transformation in the arterial 
tree.22 Direct measurement of blood pressure in the PA and 
CFA may be performed, but seems unethical and difficult to 
use in larger population studies. Instead, we used the bra-
chial artery for blood pressure measurements. Studies in 
our laboratory, however, show that blood pressure in the 
CFA compared with auscultatory blood pressure in the 
upper arm, has only a slightly lower diastolic blood 
pressure.8
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Statistics

Pearson’s correlation coefficient was used to assess the 
relationship between age and LD, IMT and wall stress. 
Differences between sexes were tested using analysis of 
covariance. Paired Student’s t-test was used to calculate 
differences between studied vessels. A multiple regression 
model was performed on IMT and LD. A p-value <0.05 was 
considered to be significant. The statistical analyses were 
performed in IBM SPSS 19.0 and graph illustrations were 
performed in IBM SPSS 19.0 and Microsoft Excel 2007.

Results

Table 1 presents the demographic data of the studied 
population.

Lumen diameter of the popliteal artery and 
common femoral artery

The LD of the PA increased with age in both males (r=0.68, 
p<0.001) and females (r=0.53, p<0.001), with 23% higher 
LD values in males than in females (p<0.001). In adults 
between the ages of 25 and 70 years, the LD increased from 
5.42 to 7.43 mm in male subjects (37%) and from 4.74 to 
5.67 mm (20%) in females. The LD of the PA was mainly 
affected by age (46% for males vs 28% for females), while 
the BSA and systolic blood pressure (SBP) only had a 
minor influence (BSA 10% for males vs 2% for females; 
SBP 11% for females).

The LD of the CFA increased exponentially with age in 
both males (r=0.58, p<0.001) and females (r=0.50, 
p<0.001), with males having 20% larger LD values than 
females (p<0.001). In adults between the ages of 25 and 70 
years, the LD of the CFA increased from 7.78 to 9.74 mm 
(25%) and 6.65 to 7.61 mm (14%) in males and females, 
respectively. The LD of the CFA was mainly affected by 
age in both males and females (33% vs 25%). Only in males 
did BSA and diastolic blood pressure (DBP) influence the 

LD (18% vs 7%). The LD values were higher in the CFA 
than in the PA in both males (p<0.001) and females 
(p<0.001).

Intima-media thickness of the popliteal 
artery and common femoral artery

The IMT values of the PA increased exponentially with age 
(r=0.82 and r=0.62) in males and females, respectively 
(p<0.001), with males having IMT values 14% higher than 
females (p<0.001). In adults between the ages of 25 and 70 
years, the IMT of the PA increased from 0.42 to 0.63 mm 
(50%) in males and from 0.41 to 0.54 mm (32%) in females. 
The IMT of the PA was mainly influenced by age (68% and 
38% in males and females, respectively) and the LD influ-
enced only males in a modest way (6%).

The IMT of the CFA increased exponentially with age 
in males (r=0.73, p<0.001) and females (r=0.47, 
p<0.005), but without any sex difference. In adults 
between the ages of 25 and 70 years, the IMT of the CFA 
increased from 0.38 to 0.57 mm (50%) and from 0.39 to 
0.54 mm (39%) in males and females, respectively. The 
IMT of the CFA in males was affected by age (53%) and 
LD (7%). In females, the IMT was only affected by age 
(22%). In males, the IMT of the CFA was thinner than  
in the PA (p<0.001), while in females no difference  
was seen.

Wall stress of the popliteal artery and 
common femoral artery

Figure 1 shows the wall stress in the PA (A) and CFA (B) in 
relation to age in males and females. There was no increase 
in wall stress with age either in PA or in CFA. Males had 
11% and 20% higher wall stress than females in the PA and 
the CFA (p<0.01 and p<0.001, respectively). Figure 2 
shows the difference in wall stress in PA and CFA in males 
and females. Wall stress was higher in the CFA than in the 
PA in both males and females (p<0.001).

Table 1. Demographic data of the studied population.

Parameters Males Females Significance

No. of subjects 45 49  
Age, years 48±21 52±20  
Height, cm 176±10 165±8 p<0.001
Weight, kg 76±14 63±9 p<0.001
Heart rate, beats/minute 60±10 62±9 NS
Body surface area, m2 1.9±0.2 1.7±0.1 p<0.001
Systolic blood pressure, mmHg 130±17 129±21 NS
Diastolic blood pressure, mmHg 77±9 75±9 NS
Mean arterial pressure, mmHg 95±10 93±12 NS
Pulse pressure, mmHg 53±14 54±17 NS
LD popliteal artery, mm 6.6±1.3 5.2±0.8 p<0.001
LD common femoral artery, mm 8.8±1.5 7.4±1.0 p<0.001
IMT popliteal artery, mm 0.57±0.14 0.48±0.09 p<0.001
IMT common femoral artery, mm 0.47±0.12 0.48±0.14 NS

Data given as mean±SD.
LD, lumen diameter; IMT, intima-media thickness.
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Blood pressure

There was an age-related increase in SBP (p<0.001), DBP 
(males, p<0.001; females, p<0.005), mean arterial blood 
pressure (p<0.001) and pulse pressure (males, p<0.05; 
females, p<0.001) without any pressure differences 
between the sexes.

Discussion

The arterial wall structure changes with age, with an increase 
in collagen, decrease in elastin and thickening of the vessel 
wall. In healthy subjects, the mechanical properties in cen-
tral elastic arteries such as the aorta show an age-related 
pronounced decrease in distensibility, while peripheral mus-
cular arterial walls seem practically unaffected, indicating 
less of an age-related arterial wall remodelling and degen-
eration.3–8 In central elastic arteries, the structure of the wall 
is the main determinant of wall mechanics, while in muscu-
lar arteries – intrinsic myogenic mechanisms, the endothe-
lial-dependent detection of a change in wall shear force with 
a resultant release in nitric oxide, as well as sympathetic 
modulation of vascular smooth muscle tone, may be more 
important in the regulation of arterial wall compliance.28,29

Despite the fact that the PA is characterized as a muscular 
artery, it is, after aorta, the most common location in the 
arterial system for aneurysm formation. Thus, about 5% of 
patients with AAA may be affected by popliteal aneurysm2 
and about 30% of those found with popliteal aneurysm also 
have an AAA.1 Why the PA is more susceptible than other 
peripheral muscular arteries to aneurysmal disease is at pre-
sent unknown. A study from our laboratory showed, how-
ever, that the wall properties of the PA are affected by a 
marked decrease in distensibility and an increase in stiffness 
during aging, and show similar pattern of abdominal aorta.9 
This is not the behaviour of a true muscular artery, and dif-
fers from the near superficial and CFA region, as well as 
other regions of muscular arteries where no decrease in dis-
tensibility with age has been found.3–5,8,30,31 The reduced 
distensibility of the popliteal wall, as in the aorta, probably 
reflects a decreased elastin to collagen ratio.

The diameter in the PA and CFA and blood pressure 
increased with age. It has been demonstrated experimen-
tally both in vitro and in vivo that increased pressure as 
well as diameter activates the smooth muscle cell produc-
tion of connective tissue components, with an increase in 
matrix production as well as wall thickness.32–35 This might 
be modulated by the matrix metalloproteinase system (e.g. 
MMP-2 and MMP-9) that has an important role in main-
taining the homeostasis of the extracellular matrix.36–39 
Despite the age-related pressure and diameter increase, the 
circumferential wall stress in the PA and CFA remained 
unchanged, which seems to be due to a compensatory 
increase in wall thickness and thus stabilized at a pre-deter-
mined level according to the law of Laplace (Figures 1 and 
2). This indicates that circumferential wall stress is an 
important determinant for vessel wall remodelling during 
aging in man.32 The wall stress has been shown to be high 
in the abdominal aorta, with an age-related increase in wall 
stress in the abdominal aorta observed only in males and 
not in females, which is in accordance with the increased 
prevalence of AAA in males.18 In diabetic patients, 

Figure 2. Mean wall stress in the popliteal artery (PA) (grey 
bars) and in the common femoral artery (CFA) (white bars) 
in males and females. Note the lower wall stress in the PA 
compared with the CFA in both males and females (***p<0.001).

Figure 1. (A) Wall stress of the popliteal artery (PA) in relation 
to age; (B) wall stress of the common femoral artery (CFA) 
in relation to age (males: black circles, solid line; females: open 
circles, dashed line).
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however, the wall stress of the abdominal aorta is reduced, 
probably due to the compensatory wall remodelling 
response of an increased IMT compared to healthy con-
trols, and reflects the reduced risk of aneurysmal disease in 
diabetic patients.27

The possibility of an imbalance between circumferential 
wall stress and wall strength, being an underlying factor 
responsible for arterial dilatation, is emphasized by the found 
relation between blood pressure and diameter increase both 
in healthy arteries and in arteries affected by aneurysmal 
dilatation.9,10,40 Despite the fact that the PA is more prone to 
aneurysmal dilatation than the CFA, the circumferential wall 
stress was lower in the PA than in the CFA (Figures 1 and 2). 
This indicates that predisposing factors other than circumfer-
ential wall stress may be of importance. Since there is an 
intricate balance between circumferential wall stress and 
wall strength, it might be argued that not only circumferen-
tial wall stress, but also wall strength, might be lower in the 
PA than in the CFA, making the PA more susceptible to risk 
factors. Repetitive longitudinal deformation by flexion has 
been correlated to subsequent lesion progression and may 
also be of relevance for the preponderance of pathological 
dilatation in the PA. Anecdotal evidence from cavalry offic-
ers indicates that tight boots together with repeated flexion 
and extension while riding may traumatize the PA and cause 
an aneurysm.41,42 Further, the propagating arterial pulse wave 
causes cyclic changes in arterial lumen size and shape. For 
the femoral artery, the change in lumen diameter is about 
10%.8 In the PA, however, it becomes much smaller with age 
because of the increase in wall stiffness.9 Thus, a zone of 
compliance mismatch between the femoral artery and PA 
occur. In combination with stiff atherosclerotic plaques 
bending at the junction between stiff plaques and vessel wall, 
the wall constituents may weaken, in accordance with find-
ings in the coronary tree.43,44

Another factor to consider is that the PA below the knee 
is divided into three much smaller arteries that may be of 
relevance for increased pressure wave reflections, possibly 
making the PA more susceptible to aneurysmal dilatation, 
in analogy with the increased risk of AAA in patients with 
traumatic above-knee amputations.45 Finally, during the 
daytime, the PA is repetitively exposed to upright posture 
with increased local haemodynamic burden.46

In conclusion, this study shows that wall stress both in 
the popliteal and CFA is unaffected by aging. This seems to 
be caused by a compensatory remodelling response with an 
increase in arterial wall thickness. The absence of high wall 
stress in the PA, and instead lower stress than in the CFA – a 
peripheral muscular artery not affected by aneurysmal dila-
tation to the same extent, indicates that mechanisms other 
than wall stress contribute to the process of pathological 
arterial dilatation in the PA.

Declaration of conflicting interest

The authors declare no conflicts of interest.

Funding

This study was supported by grants from: The Swedish Research 
Council [12661]; Swedish Heart and Lung Foundation [20130650]; 

Futurum – the Academy for Healthcare, County Council, 
Jönköping, Sweden [259701]; King Gustav V and Queen Victoria’s 
Foundation.

References

 1. Ravn H, Bergqvist D, Bjorck M. Nationwide study of the 
outcome of popliteal artery aneurysms treated surgically. Br 
J Surg 2007; 94: 970–977.

 2. Sandgren T, Sonesson B, Ryden A, Lanne T. Arterial dimen-
sions in the lower extremities of patients with abdominal 
aortic aneurysms–no indications of a generalized dilating 
diathesis. J Vasc Surg 2001; 34: 1079–1084.

 3. Van der Heijden-Spek JJ, Staessen JA, Fagard RH, Hoeks AP, 
Boudier HA, van Bortel LM. Effect of age on brachial artery 
wall properties differs from the aorta and is gender depend-
ent: a population study. Hypertension 2000; 35: 637–642.

 4. Benetos A, Laurent S, Hoeks AP, Boutouyrie PH, Safar 
ME. Arterial alterations with aging and high blood pres-
sure. A noninvasive study of carotid and femoral arteries. 
Arterioscler Thromb 1993; 13: 90–97.

 5. Bortolotto LA, Hanon O, Franconi G, Boutouyrie P, Legrain 
S, Girerd X. The aging process modifies the distensibility of 
elastic but not muscular arteries. Hypertension 1999; 34(4 Pt 
2): 889–892.

 6. Länne T, Sonesson B, Bergqvist D, Bengtsson H, Gustafsson 
D. Diameter and compliance in the male human abdominal 
aorta: influence of age and aortic aneurysm. Eur J Vasc Surg 
1992; 6: 178–184.

 7. Sonesson B, Hansen F, Stale H, Lanne T. Compliance and 
diameter in the human abdominal aorta–the influence of age 
and sex. Eur J Vasc Surg 1993; 7: 690–697.

 8. Ahlgren AR, Astrand H, Sandgren T, Vernersson E, Sonesson 
B, Lanne T. Dynamic behaviour of the common femoral 
artery: age and gender of minor importance. Ultrasound Med 
Biol 2001; 27: 181–188.

 9. Debasso R, Astrand H, Bjarnegard N, Ryden Ahlgren A, 
Sandgren T, Lanne T. The popliteal artery, an unusual mus-
cular artery with wall properties similar to the aorta: implica-
tions for susceptibility to aneurysm formation? J Vasc Surg 
2004; 39: 836–842.

 10. Cronenwett JL, Sargent SK, Wall MH, et al. Variables that 
affect the expansion rate and outcome of small abdominal 
aortic aneurysms. J Vasc Surg 1990; 11: 260–268.

 11. Astrand H, Sandgren T, Ahlgren AR, Lanne T. Noninvasive 
ultrasound measurements of aortic intima-media thickness: 
implications for in vivo study of aortic wall stress. J Vasc 
Surg 2003; 37: 1270–1276.

 12. Gamble G, Beaumont B, Smith H, et al. B-mode ultrasound 
images of the carotid artery wall: correlation of ultrasound 
with histological measurements. Atherosclerosis 1993; 102: 
163–173.

 13. Ghorpade A, Baxter BT. Biochemistry and molecular regu-
lation of matrix macromolecules in abdominal aortic aneu-
rysms. Ann N Y Acad Sci 1996; 800: 138–150.

 14. Hodges TC, Detmer PR, Dawson DL, et al. Ultrasound deter-
mination of total arterial wall thickness. J Vasc Surg 1994; 
19: 745–753.

 15. Masawa N, Glagov S, Zarins CK. Quantitative morphologic 
study of intimal thickening at the human carotid bifurcation: 
II. The compensatory enlargement response and the role of the 
intima in tensile support. Atherosclerosis 1994; 107: 147–155.

 16. Liang YL, Shiel LM, Teede H, et al. Effects of blood pres-
sure, smoking, and their interaction on carotid artery struc-
ture and function. Hypertension 2001; 37: 6–11.

 at Jonkoping University Library on September 16, 2014vmj.sagepub.comDownloaded from 

http://vmj.sagepub.com/


136 Vascular Medicine 19(2)

 17. Carallo C, Irace C, Pujia A, et al. Evaluation of common 
carotid hemodynamic forces. Relations with wall thickening. 
Hypertension 1999; 34: 217–221.

 18. Astrand H, Ryden-Ahlgren A, Sandgren T, Lanne T. Age-
related increase in wall stress of the human abdominal aorta: 
an in vivo study. J Vasc Surg 2005; 42: 926–931.

 19. Wendelhag I, Gustavsson T, Suurküla M, Berglund G, 
Wikstrand J. Ultrasound measurement of wall thickness in 
the carotid artery: fundamental principles and description 
of a computerized analysing system. Clin Physiol 1991; 11: 
565–577.

 20. Pignoli P, Tremoli E, Poli A, Oreste P, Paoletti R. Intimal 
plus medial thickness of the arterial wall: a direct measure-
ment with ultrasound imaging. Circulation 1986; 74: 1399–
1406.

 21. Bader H. Dependence of wall stress in the human thoracic 
aorta on age and pressure. Circ Res 1967; 20: 354–361.

 22. Nichols WW, O’Rourke MF, Vlachopoulos C (eds). Properties 
of the arterial wall: theory. In: McDonald’s Blood Flow in 
Arteries. Theoretical, Experimental and Clinical Principles, 
6th edition. London: Hodder Arnold, 2011: 55–75.

 23. Du Bois B, Berlington W. Clinical calometry. 10th paper. 
A formula to estimate the approximate surface area if 
height and weight be known. Arch Intern Med 1916; 17: 
863–871.

 24. Holzapfel GA, Sommer G, Gasser CT, Regitnig P. 
Determination of layer-specific mechanical properties of 
human coronary arteries with nonatherosclerotic intimal 
thickening and related constitutive modeling. Am J Physiol 
Heart Circ Physiol 2005; 289: H2048–2058.

 25. Holzapfel GA. Determination of material models for arterial 
walls from uniaxial extension tests and histological structure. 
J Theor Biol 2006; 238: 290–302.

 26. Holzapfel GA, Ogden RW. Modelling the layer-specific 
three-dimensional residual stresses in arteries, with an appli-
cation to the human aorta. J R Soc Interface 2010; 7: 787–
799.

 27. Astrand H, Ryden-Ahlgren A, Sundkvist G, Sandgren T, 
Lanne T. Reduced aortic wall stress in diabetes mellitus. Eur 
J Vasc Endovasc Surg 2007; 33: 592–598.

 28. Zarins CK, Zatina MA, Giddens DP, Ku DN, Glagov S. 
Shear stress regulation of artery lumen diameter in experi-
mental atherogenesis. J Vasc Surg 1987; 5: 413–420.

 29. Boutouyrie P, Lacolley P, Girerd X, Beck L, Safar M, 
Laurent S. Sympathetic activation decreases medium-sized 
arterial compliance in humans. Am J Physiol 1994; 267(4 Pt 
2): H1368–1376.

 30. Tai NR, Giudiceandrea A, Salacinski HJ, Seifalian AM, 
Hamilton G. In vivo femoropopliteal arterial wall compli-
ance in subjects with and without lower limb vascular dis-
ease. J Vasc Surg 1999; 30: 936–945.

 31. Bjarnegard N, Lanne T. Arterial properties along the upper 
arm in humans: age-related effects and the consequence of 
anatomical location. J Appl Physiol 2010; 108: 34–38.

 32. Ben Driss A, Benessiano J, Poitevin P, Levy BI, Michel JB. 
Arterial expansive remodeling induced by high flow rates. 
Am J Physiol 1997; 272(2 Pt 2): H851–858.

 33. Boutouyrie P, Bussy C, Hayoz D, et al. Local pulse pressure 
and regression of arterial wall hypertrophy during long-term 
antihypertensive treatment. Circulation 2000; 101: 2601–
2606.

 34. Leung DY, Glagov S, Mathews MB. Cyclic stretching 
stimulates synthesis of matrix components by arterial 
smooth muscle cells in vitro. Science 1976; 191: 475– 
477.

 35. Keeley FW, Alatawi A, Cho A. The effect of wall stress 
on the production and accumulation of vascular elastin. In: 
Tamburro AM, Davidson JM (eds) Elastin: Chemical and 
Biological Aspects. Galatina: Congedo Editore, 1990: 339–
356.

 36. O’Callaghan CJ, Williams B. Mechanical strain-induced 
extracellular matrix production by human vascular smooth 
muscle cells: role of TGF-β1. Hypertension 2000; 36: 319–
324.

 37. Chesler NC, Ku DN, Galis ZS. Transmural pressure induces 
matrix-degrading activity in porcine arteries ex vivo. Am J 
Physiol 1999; 277(5 Pt 2): H2002–2009.

 38. Freestone T, Turner RJ, Coady A, Higman DJ, Greenhalgh 
RM, Powell JT. Inflammation and matrix metalloproteinases 
in the enlarging abdominal aortic aneurysm. Arterioscler 
Thromb Vasc Biol 1995; 15: 1145–1151.

 39. McMillan WD, Tamarina NA, Cipollone M, Johnson DA, 
Parker MA, Pearce WH. Size matters: the relationship 
between MMP-9 expression and aortic diameter. Circulation 
1997; 96: 2228–2232.

 40. Szilagyi DE, Elliott JP, Smith RF. Clinical fate of the 
patient with asymptomatic abdominal aortic aneurysm 
and unfit for surgical treatment. Arch Surg 1972; 104: 
600–606.

 41. Stein PD, Hamid MS, Shivkumar K, Davis TP, Khaja F, 
Henry JW. Effects of cyclic flexion of coronary arteries 
on progression of atherosclerosis. Am J Cardiol 1994; 73: 
431–437.

 42. Sedge S, Spittell J, Wallace R. Aneurysms of the distal pop-
liteal artery and their relationship to the arcuate popliteal 
ligament. Circulation 1961; 24: 270–273.

 43. Falk E, Shah PK, Fuster V. Coronary plaque disruption. 
Circulation 1995; 92: 657–671.

 44. MacIsaac AI, Thomas JD, Topol EJ. Toward the quies-
cent coronary plaque. J Am Coll Cardiol 1993; 22: 1228– 
1241.

 45. Vollmar JF, Paes E, Pauschinger P, Henze E, Friesch A. 
Aortic aneurysms as late sequelae of above-knee amputation. 
Lancet 1989; ii: 834–835.

 46. Gemignani T, Matos-Souza JR, Coelho OR, Franchini KG, 
Nadruz W Jr. Postural changes may influence popliteal ath-
erosclerosis by modifying local circumferential wall tension. 
Hypertens Res 2008; 31: 2059–2064.

 at Jonkoping University Library on September 16, 2014vmj.sagepub.comDownloaded from 

http://vmj.sagepub.com/

	Low wall stress - TP
	vascular medicine Low wall stress

