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ABSTRACT

Objective: A theoretical model is developed to describe the myogenic response of resistance vessels to
changes in intravascular pressure, based on a consideration of the active and passive length–tension
characteristics of vascular smooth muscle (VSM). The dependence of model parameters on vessel
diameter is examined.

Methods: The vessel wall is represented mechanically as a nonlinear passive component in parallel
with an active contractile component. The level of VSM tone is assumed to have a sigmoidal dependence
on circumferential wall tension or stress. Model parameters are optimized for each of 18 independent
experimental data sets previously obtained using pressure or wire myograph systems.

Results: Close fits between model predictions and experimental data are found in each case. An
alternative formulation in which VSM tone depends on circumferential wall stress is found also to be
consistent with available data. Significant trends in model parameters as a function of diameter are
found.

Conclusions: The results support the hypothesis that circumferential tension or stress in the wall
provides the signal for myogenic responses. The model provides a basis for simulating steady-state
myogenic responses in vascular networks containing a range of vessel diameters.
Microcirculation (2005) 12, 327–338. doi:10.1080/10739680590934745

KEY WORDS: arteriole, mathematical model, vascular regulation, vascular smooth muscle tone, vessel
wall tension

Arterioles and small arteries are responsible for most
of the peripheral resistance in the vasculature, and
regulate blood flow acutely by dilating or constrict-
ing in response to several types of stimuli. These di-
ameter changes are achieved by alterations in vascu-
lar smooth muscle (VSM) tone. One of the mecha-
nisms responsible for a variation in VSM tone is the
myogenic response, which is characterized by a vessel
constriction occurring following an increase in intra-
luminal pressure. This response was first observed
over 100 years ago when Bayliss noted changes in
volume of the hindlimb of a dog after alteration of
systemic blood pressure (1). Its significance was dis-
puted until Folkow showed that vascular regulation
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may have a myogenic component (15). Later work
indicated that circumferential tension in the wall may
be the control parameter governing the myogenic re-
sponse (22). Much recent research has addressed the
mechanisms responsible for the myogenic response at
the cellular level (8,37).

Passive and maximally active length–tension char-
acteristics of VSM were explored in several studies
using in vitro wire (27,28,31) and pressure (7,32)
myograph systems based on experimental methods
developed by Bevan and Osher (2) and Duling et al.
(13), respectively. Vessels were perfused with, or
bathed in, activating (e.g., with norepinephrine) or
relaxing (Ca2+-free) physiological salt solutions, to
allow determination of the minimal circumferential
tension (passive component) and the maximally ac-
tive tension (maximally active component) present in
the vessel wall at a given circumferential length. In
the referenced studies, only vessels developing spon-
taneous tone were included and no preconstrictors
were used. Such results define the operating range
of wall tension for a given vessel. Description of the
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myogenic response requires, in addition, information
on the variation of VSM tone as intraluminal pressure
is varied.

A number of studies have examined the myo-
genic response using pressure myograph systems
(4,9,25,30,40,43). In these experiments, the level of
VSM tone varied with intraluminal pressure, simu-
lating the actual in vivo myogenic response. Vessels
were perfused with physiological salt solutions that
were assumed to have no effect on vascular tone. No
preconstrictors were used and perfusion rates were
low enough that effects of wall shear stress could
be neglected. Diameter changes in resistance vessels
(small arteries and arterioles in the diameter range
of 25–250 µm) were recorded over a range of intra-
luminal pressures. In some cases, pressure was mea-
sured in a tube connected to the vessel. At the very
low flow rates used, this pressure can be assumed
to approximate intraluminal pressure. These experi-
mental results indicate that the variation of diameter
with pressure in a vessel exhibiting the myogenic re-
sponse can be roughly divided into 3 phases (33).
In the first phase, at low intraluminal pressures, a
small increase in diameter is observed with increasing
pressure. Occurring at intermediate values of intra-
luminal pressures, the second phase is characterized
by a significant decrease in vessel diameter with in-
creasing pressure. These 2 phases are described in
all of the experimental studies utilized here, and en-
compass the range of conditions normally occurring
in vivo. In a few of the studies (4,9,30,43), intralu-
minal pressures beyond the physiological range were
applied, and vessel diameter was shown to increase
with increasing pressure, representing the third phase
of the myogenic response.

Previous theoretical models for the myogenic re-
sponse have used a number of different approaches.
In the model of Iida (20), the vessel wall elastic mod-
ulus is assumed to be a function of the intralumi-
nal pressure. This model describes the form of the
myogenic response at low and intermediate pressures
accurately. However, passive and active components
of wall tension are not distinguished, and the third,
high-pressure phase of the myogenic response, which
is dominated by the passive component, is not ac-
curately represented. Fung proposed a model (16)
in which passive and active components of the wall
tension are represented. The passive component is
effectively zero and the active component is maxi-
mal over the range of pressures considered. Although
this model can reproduce observed active pressure
responses (23), it does not reflect experimentally de-

termined length–tension relationships of maximally
active VSM (7,27,28,31,32).

Several models incorporating variable VSM tone
have been developed (5,14,44–46). VanBavel and
Mulvany (44) recognized that VSM tone cannot de-
pend solely on the agonist concentration of the per-
fusate but must depend on another variable, which
they assumed to be vessel wall tension. Using wall
tension as a parameter determining VSM tone is con-
sistent with other studies (3,22,42). In their model
(44), myogenic responses were not considered inde-
pendently of agonist responses. In a model for flow
regulation in the renal microcirculation, Feldberg
et al. (14) represented the myogenic response by as-
suming that tone depends on intraluminal pressure
according to a piecewise linear function. Cornelissen
et al. (5) developed a model incorporating myogenic,
flow-dependent, and metabolic control of coronary
blood flow, but again myogenic tone was assumed
to depend on intravascular pressure. None of these
studies combined the length–tension characteristics
of the vessel wall with tension-dependent generation
of VSM tone in a model for the myogenic response.
Recently, Yang et al. (45,46) developed a model for
the myogenic response based on a consideration of
intracellular signaling pathways in VSM cells. Wall
tension was used as the primary mechanical variable
influencing cellular activation.

The aim of the present study is to develop a theoret-
ical model that describes the myogenic response of
resistance vessels to intravascular pressure, based on
a consideration of vascular smooth muscle mechan-
ics, and assuming variable VSM tone. Following an
increase in intravascular pressure, a vessel typically
shows first an immediate passive increase in diam-
eter, and then an active myogenic contraction to a
new equilibrium diameter. The model describes this
steady-state condition. Circumferential wall tension
and wall stress are considered as potential variables
determining the level of VSM tone. Model predictions
are compared with experimental data from a number
of studies, and the dependence of model parameters
on vessel diameter is explored. The resulting model
is designed to be used as part of more comprehensive
models of blood flow regulation in vascular networks.

METHODS

Model Foundation

The vessel wall under tension is represented mechan-
ically as a nonlinear spring and a contractile unit in
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Figure 1. Graphical representation of model concepts. (A) Spring and contractile element representation of vessel
wall response. (B) Vessel wall tension as a function of circumferential length. Solid curves show passive tension Tpass,
maximally active tension Tmax

act , and total maximally active tension Tpass + Tmax
act . Dashed curves show active tension and

total tension at 50% activation (A = 0.5). Dots show typical observed behavior during active pressure response, with
activation increasing as tension increases. (C) Representative example of variation of activation with tension, showing
data points and fitted curve.

parallel (12) (Figure 1A). The maximal tension that
can be generated at a given length is the sum of the
passive (nonlinear spring) and maximally active VSM
(contractile unit) components and is described here
as the total maximally active tension. The minimal
tension occurs when the contractile unit is inactive
and is equivalent to the passive component of ten-
sion. In a partially activated vessel, the total vessel
wall tension is

Ttotal = Tpass + A · Tmax
act (1)

where Tpass is the passive component of tension, Tmax
act

is the maximal active component of tension, and
A, the activation, represents the level of VSM tone,
which varies between 0 and 1.

Passive Component of Tension

Measured passive length–tension relationships (4,7,
9,25,27,28,30–32,40,43) are nonlinear, with tension
increasing rapidly at higher levels of circumferential
stretch. The following exponential form is used to
represent the passive tension component:

Tpass(L) = Cpass exp
[
C ′

pass

(
L
L0

− 1
)]

(2)

where L is the vessel circumference, Cpass is the pas-
sive tension at a length of L0, and C ′

pass determines
the steepness of the exponential curve. The reference
length L0 is defined as π D0, where D0 is the passive
diameter of the vessel at an intraluminal pressure of

100 mmHg. Choice of a different L0 would yield an
equivalent curve with appropriate changes in Cpass
and C ′

pass.

Maximally Active Component of Tension

The total maximal tension was measured in length–
tension studies (7,27,28,31,32) by bathing or perfus-
ing the tissue with a maximally activating physiolog-
ical salt solution. In some previous studies (11,35),
a reduction in active tension observed at large cir-
cumferential lengths was attributed to cellular dam-
age. However, Mulvany and Warshaw (28) showed
that cellular integrity was maintained even at large
circumferential stretch and that the decreasing active
tension observed at these lengths was due to the prop-
erties of the VSM contractile apparatus. The max-
imal active component of tension can therefore be
obtained by subtracting the passive component from
the total maximal tension. The general form of the
maximal active component in each study was sim-
ilar to that observed in skeletal muscle, in which
maximal tension is generated at a specific length
and tension decreases symmetrically above and be-
low this length (19). This behavior was modeled by a
Gaussian curve:

Tmax
act (L) = Cact exp

[
−

(
L/L0 − C ′

act

C ′′
act

)2]
(3)

where Cact, C ′
act, and C ′′

act are parameters represent-
ing peak magnitude, relative peak location, and rel-
ative curve width, respectively, as shown in Figure
1B.
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VSM Tone

Circumferential wall tension, wall stress, strain, and
pressure are potential determinants of VSM activa-
tion. Here, activation is assumed to depend on wall
tension; other possibilities are considered below. Pre-
vious studies (14, 44) suggest that the dependence is
sigmoidal, and the following expression was therefore
used:

A(Ttotal) = 1
1 + exp(−C toneTtotal + C ′

tone)
(4)

where C tone and C ′
tone determine the steepness of the

sigmoidal curve and tension at half-maximal activa-
tion. An example of the variation of A with wall ten-
sion is shown in Figure 1C. The assumed dependence
of activation on tension implies that wall tension is
controlled by a negative feedback mechanism (22).
Increased tension causes increased tone and contrac-
tion, which reduces wall tension for a given trans-
mural pressure according to the law of Laplace. The
gain of this feedback system increases with increasing
values of the parameter C tone.

Pressure, Tension, and Stress

The length–tension relationship of the vessel wall is
related to the pressure–diameter response observed
in pressure myograph studies through the law of
Laplace:

Ttotal = PD
2

(5)

assuming that the vessel wall thickness is much less
than the radius. The corresponding circumferential
wall stress is

σtotal = Ttotal/w = PD
2w

(6)

where w is the wall thickness. For the model in which
activation depends on wall stress rather than tension,
σtotal replaces Ttotal in Equation 4.

Optimization and Evaluation of Model Parameters

For given values of the 7 model parameters, Cpass,
C ′

pass, Cact, C ′
act, C ′′

act, C tone, and C ′
tone, Equations 1–5

and the relationship L = π D implicitly define the de-
pendence of vessel diameter on pressure both in the

passive state and when an active myogenic response
is present. An optimization procedure is used to find
the parameter values that minimize the mean square
deviation between the predicted and measured di-
ameters at the given values of intraluminal pressure,
using the downhill simplex method (29). First, the 2
passive component parameters, Cpass and C ′

pass, are
estimated for best fit to the passive data. This opti-
mization shows rapid convergence to consistent pa-
rameter values, for a range of initial guesses. Then,
the remaining parameters, Cact, C ′

act, C ′′
act, C tone, and

C ′
tone, are estimated for best fit to the active pres-

sure data. The predicted diameter values are only
defined implicitly by Equations 1–5; therefore a hy-
brid secant-bisection root-finding algorithm is used
to calculate the diameters at each pressure value. The
results of this optimization are found to be sensitive to
the initial parameter guesses, indicating the presence
of local minima in the mean deviation. Therefore,
whenever the optimization procedure approaches a
minimum, a perturbation is applied and the pro-
cess repeated to test whether the minimum is local
or global. To avoid unrealistic values of the model
parameters, all parameters are constrained to remain
positive.

This 7-parameter optimization procedure was ap-
plied to 5 data sets from 4 studies (4,9,30,43) that
contain data from all 3 response phases, including
the high-pressure response. Five other data sets from
2 studies (25,40) lack data in the third phase of the
myogenic response and as a result do not provide
sufficient information to uniquely define the maxi-
mal active component of tension. Therefore, a reli-
able estimation of parameters requires a reduction
in the degrees of freedom of the model. To achieve
this, we utilize length–tension data from 5 studies
(7,27,28,31,32) to establish values for Cpass, C ′

pass,
Cact, C ′

act, and C ′′
act by fitting Equations 2 and 3 to

the passive and maximally active tension data, us-
ing similar procedures to those already described. As
discussed below, C ′

act and C ′′
act do not vary signifi-

cantly with vessel diameter over the range of 50–
300 µm. For the 5 data sets lacking data on the high-
pressure response, these 2 parameters were set equal
to the average of the values obtained from the length–
tension studies, and the remaining 5 parameters were
estimated using the procedure already described.
These model results are referred to as 5-parameter
optimizations.

Only one of the studies (4) used in our analysis
recorded the vessel wall thickness at a specified ves-
sel diameter. Data from this study were used to test
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the model in which activation depends on wall stress
rather than tension. The 7-parameter optimization
was performed as before, but with σtotal replacing
Ttotal in Equation 4.

RESULTS

Optimization and Model Parameters

In Figure 2, model results are compared with experi-
mental data for 5 data sets (4,9,30,43). The left col-
umn of graphs displays the experimental active pres-
sure and passive data and the model fits in terms of
pressure and diameter, the measured quantities. At
low pressures, VSM activation is zero or small, and
diameters are close to passive values. At intermedi-
ate pressures, above ∼40 mmHg, activation increases
and diameters decrease. At high pressures, the VSM
is already fully activated and additional increases in
pressure cause distension of the vessel. All 3 phases of
vessel response are fit closely by this model, with root
mean square (RMS) deviations varying from 1.61 to
4.60% over the 5 data sets. Corresponding parame-
ter values are given in Table 1. The middle column
of graphs presents the same data as length–tension
relationships. Curves representing the maximally ac-
tive component of tension and the maximally active
total tension are also included. The active pressure re-
sponse, with VSM tone varying from passive to max-
imally active, appears as an S-shaped curve. The im-
portance of the data points at high tension levels (at
the top of the S) in establishing the maximally active
component of tension curve is evident. The right col-
umn of graphs shows the variation of VSM tone with
total vessel wall tension. In this case, the data points
are deduced from the experimental data and the fitted
maximally active and passive tension curves. VSM
tone exhibits a steep increase with tension above a
certain threshold.

Table 1 also includes parameter values estimated
using 8 data sets from length–tension studies
(7,27,28,31,32) and from 5 data sets lacking data
for the high-pressure, third phase of the myogenic
response (25,40). In the length–tension studies, ves-
sels were passive or fully activated, so correspond-
ing values of C tone and C ′

tone, could not be esti-
mated. RMS deviations for the fit of the maximally
active component of tension data varied from 2.44 to
9.31%. For the sets lacking high-pressure data, C ′

act
and C ′′

act could not be deduced from the pressure–
diameter data, as previously discussed, and were set
equal to the average of the values obtained from

the length–tension experiments, i.e., C ′
act = 0.910

and C ′′
act = 0.374. The quality of the resulting 5-

parameter fits to the pressure–diameter data is simi-
lar to that for the cases shown in Figure 2, with RMS
deviations varying from 0.65 to 8.45%.

Dependence of Parameters on Vessel Diameter

Estimated parameter values from all data sets con-
sidered are shown in Figure 3 as functions of the ref-
erence vessel diameter, D0. Although this does not
necessarily represent an in vivo vessel diameter, it is
a useful relative measure. Values for C ′

pass, which in-
dicates the steepness of the passive response curve,
show a significant (p < .05) negative trend with re-
spect to increasing diameter (Figure 3A). The small-
est values for C ′

pass are obtained in experiments uti-
lizing a wire myograph. The parameter Cact, which
represents the peak magnitude of the maximally ac-
tive response, increases significantly with increasing
diameter (Figure 3B). The parameter C tone, which
defines the dependence of tone on wall tension,
shows a significant decrease with increasing diam-
eter (Figure 3C). The dependence on diameter of the
remaining parameters, Cpass, C ′

act, C ′′
act, and C tone, is

not shown. The passive tension Cpass at the reference
diameter, corresponding to an intravascular pressure
of 100 mmHg, increases linearly with diameter as
expected from the law of Laplace, Equation 5. The
other parameters, C ′

act, C ′′
act, and C ′

tone, show no sig-
nificant dependence on reference vessel diameter over
the range of vessel sizes considered here.

Results with Stress-Dependent Activation

Two data sets (4) were used to test the model in which
activation depends on wall stress rather than ten-
sion. Figure 4 shows the resulting optimized fits in
the same form as in Figure 2. The closeness of fit be-
tween the model and the data is similar in the 2 for-
mulations (Figures 2A, B and 4A, B). For the femoral
artery data, the model curves and parameters differ
appreciably between the 2 formulations, due to a dif-
ference in the peak height, location and width of the
maximally active VSM stress curve (Table 1).

DISCUSSION

Agreement Between Model and Observations

Five available sets of experimental pressure–diameter
data (4,9,30,43) allowed optimization of all 7 pa-
rameters in the model. The resulting model curves
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Figure 2. Pressure–diameter, length–tension, and activation curves: comparison of experimental and model results.
Experimental data are from the following sources: (A) rat mesenteric arterioles (4); (B) rat femoral arterioles (4); (C)
rat skeletal muscle arterioles (30); (D) rat adipose tissue arterioles (43); (E) hamster cheek pouch arterioles (9). Left
column: experimental data (�, passive; •, active) and model results (– –, passive; ——, active) in terms of pressure and
diameter. Middle column: experimental data (�, passive; •, active) and model results (– –, passive; ——, active) in terms
of length and tension, including predicted maximally active VSM tension (– · –) and maximally active total tension (· · ·).
Right column: predicted curves and inferred experimental data for VSM activation level as a function of total vessel wall
tension.
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Figure 3. Variation of model parameters with reference diameter of vessel, for the data sets considered. (A) Passive
tension parameter C ′

pass. (B) Active tension parameter Cact. (C) VSM tone parameter C tone. Dashed lines represent linear
regressions. Equations of regression lines are included in each graph.

represent all these data sets with remarkable accu-
racy (Figure 2, left column). A similar quality of fit
was obtained for data sets lacking data in the high-
pressure range (25,40), with values for 2 parame-
ters representing the position and width of the max-
imal active tension curve derived from independent
length–tension data. The resulting fitted values of the
remaining 5 parameters are in a similar range to those
obtained from the 7-parameter optimizations. Thus,
this model appears to provide an adequate descrip-
tion of the myogenic response over the range of vessel
sizes, tissue types, and species in the studies utilized
here, and unifies a substantial body of experimental
data.

Figure 4. Pressure–diameter, length–stress, and activation curves describing the two three-phase data sets that include
reference wall thickness data, analyzed assuming that activation is a function of total wall stress. (A) Rat mesenteric
arterioles (4). (B) Rat femoral arterioles (4). Left column: experimental data and model results in terms of pressure
and diameter. Middle column: experimental data and model results in terms of length and stress, including predicted
maximally active VSM stress and maximally active total stress. Right column: predicted curves and inferred experimental
data for the VSM activation level as a function of total vessel wall stress.

Parameter Dependence on Vessel Diameter

The dependence of 3 of the model parameters on
reference vessel diameter is shown in Figure 3. The
significant decrease in C ′

pass with increasing diam-
eter implies that the smaller vessels are relatively
stiffer than the larger vessels investigated, as ob-
served previously (17). The parameter Cact repre-
senting the peak magnitude of the maximally ac-
tive tension shows a significant positive correlation
with diameter. This is to be expected because vessel
wall thickness, and hence the number and/or size of
force-generating smooth muscle cells, increases with
increasing diameter.
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The parameters C ′
act and C ′′

act establish the location
and width of the maximally active tension curve with
respect to vessel circumference. Neither shows signif-
icant dependence on reference vessel diameter. These
results suggest that VSM cells show similar relation-
ships between length and active tension in vessels
with reference diameters ranging from about 50 to
300 µm. Values of C ′

act are close to 1 (Table 1), in-
dicating that the peak force generation occurs at a
length close to that at which significant passive ten-
sion is generated in the vessel wall. This contrasts
with striated muscle, where peak force is generated
when the muscle cell is substantially shorter than the
length needed to generate significant passive tension
in the cell and its surrounding extracellular matrix
(41).

The parameter C tone describes the sensitivity of tone
to changes in tension. With increasing reference di-
ameter, C tone decreases. This trend is consistent with
the fact that larger vessels have thicker walls and
more load-bearing VSM cells. The parameter, C tone,
would be expected to be smaller if the tension is dis-
tributed over a larger number of VSM cells. It would
be desirable to express the activation as a function of
tension per VSM cell, but the studies considered here
do not include sufficient data on wall morphology to
make this possible.

Parameter values show significant variations that
cannot be fully accounted for by a dependence on
diameter (Figure 3 and Table 1). Some of this vari-
ability may result from the fact that the experimental
results used are derived from several different animal
species and tissue types (Table 1). Also, results ob-
tained using a wire myograph may not correspond
with those obtained with a pressure myograph appa-
ratus (24). In the pressure myograph, the vessel can
be held at constant length, mimicking the situation in
vivo. In the wire myograph, vessel length may change
with loading or contraction. However, the available
data sets are not sufficient to reveal systematic vari-
ations in model parameters with species, tissue type
or experimental method used.

Factors Determining Activation

Initiation of smooth muscle cell contraction is linked
to the flux of calcium across the cell membrane (37).
This calcium influx initiates signaling pathways,
leading to release of stored calcium, myosin light-
chain phosphorylation, and contraction of the actin–
myosin complex. The mechanical factors and mecha-
nisms triggering increased intracellular calcium con-

centration, [Ca2+]i, have not been definitely iden-
tified. Proposed mechanical factors include strain,
pressure, tension, and stress, and proposed mecha-
nisms include stretch activation of transmembrane
channels, depolarization of the stretched membrane,
integrin-modulated transduction of tension, and sec-
ondary messenger alteration of the contractile protein
[Ca2+]i sensitivity (8).

Dependence of VSM activation on VSM strain (i.e.,
degree of elongation) has been frequently proposed
since the discovery of stretch-activated calcium chan-
nels and stretch depolarization of the cell membrane.
However, the experimental results show that VSM
strain cannot be the main controlling variable for ac-
tivation, since multiple levels of activation can occur
at a given level of vessel strain, as in the S-shaped
part of the active length–tension curves (Figure 2,
middle column). Additionally, if strain were the con-
trolling variable, an increase in pressure could lead
to a contraction tending to restore the vessel to its
original diameter, but could not result in a decrease
in diameter, as seen in the myogenic response. These
arguments indicate that although stretch-activated
channels may play a role in the myogenic response,
VSM strain itself cannot be the main controlling vari-
able. This is consistent with the finding that [Ca2+]i
levels are not related directly to VSM strain (47),
and does not exclude the possibility that wall tension
or stress is sensed by changes in strain in a passive
sensing element coupled in series with the contractile
elements of a smooth muscle cell (22).

Intravascular pressure has been used in some models
as the parameter determining VSM tone (5,6,14).
However, this is unlikely to be a valid assumption
for several reasons. First, the stress due to pressure
is much smaller than the circumferential stress in a
thin-walled vessel, as can be seen from Equation 6.
Second, sensing of the transmural pressure difference
would require VSM cells to detect the differential
pressure between their inner and outer surfaces,
and there is no evidence for such a pressure sensing
mechanism in VSM cells. Thirdly, such a mechanism
would require that the level of activation varies
smoothly with pressure in some ranges but varies
abruptly in other ranges, based on experimental
observations (Figure 2, left column). In contrast,
mechanisms based on a smooth dependence on wall
tension or stress (present model) inherently lead to
such behavior.

Our results support the hypothesis that circumfer-
ential wall tension or stress is the primary variable
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governing VSM activation. Tension in VSM cells
may be transmitted via the cytoskeleton to integrins,
which can influence the signaling cascade leading
to contraction (10,26). Tension has been positively
correlated to [Ca2+]i and myosin light chain phos-
phorylation, both critical events in the contraction of
smooth muscle (47). The present model shows that
a sigmoidal variation in VSM tone as a function of
tension is compatible with the myogenic responses
observed in all the studies considered.

Wall stress is closely related to wall tension, accord-
ing to Equation 6. Estimation of wall stress requires
data on wall thickness, which is not available for most
of the studies considered here. For the data of Bund
(4), a model based on the assumption that activation
depends on stress gave essentially equivalent results
to the model based on tension. Therefore, it is not
possible to distinguish between these two possibil-
ities based on the available experimental evidence.
For purposes of simulating regulatory mechanisms,
the model based on wall tension appears to be ade-
quate and can be used without information on wall
thickness.

Hysteresis in Myogenic Response Behavior

Unstable resistance vessel diameters have been ob-
served in some studies, with more than one possible
radius at a given pressure and hysteretic behavior
during loading and unloading (7,18,21,34,38,39). In
the present model, the possibility of such behavior
can be assessed with reference to the results shown
in Figure 2 (middle column). According to Equation
5, a given intravascular pressure can be represented
by a line through the origin with a slope proportional
to the pressure. Multiple radii are possible if such a
line intersects the active length–tension curve more
than once. This occurs only in the upper range of
pressures, if at all, in the examples considered here.
For instance, such behavior is seen in the Bund (4)
femoral artery data (Figure 2B, middle column) and
is reflected in the abrupt transition in diameter pre-
dicted at a pressure of about 200 mmHg (left col-
umn). This phenomenon has been discussed by Quick
et al. (36) for the case of vessels with fixed levels of
VSM tone. According to the results of the present
model, hysteresis would be expected to occur only at
pressures above the normal physiological range.

Applications of the Model

The present model has been developed based on cur-
rent concepts of smooth muscle mechanics, and uses

a minimum number of free parameters to provide a
close fit to experimental data. As such, it provides a
consistent framework for comparing and interpret-
ing data from several experimental studies. The vari-
ation of model parameters with diameter is expressed
in terms of linear correlations, which can be used to
predict the myogenic response of a vessel segment
with any given diameter in the range considered, al-
lowing the simulation of myogenic responses in net-
works of vessels. Effects of other signals, such as wall
shear stress and vasoactive substances, can be incor-
porated into the model through their effects on the
activation parameter A. The present model applies
to steady-state conditions. It can be extended to sim-
ulate time-dependent components of the myogenic
response by considering the dynamic dependence of
the activation A on the time-varying tension Ttotal.
The model can also be extended to incorporate more
detailed models of intracellular signaling processes
and cellular-level wall mechanics, as have recently
been presented (45,46).
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