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Alterations in the Elasticity, Pliability,
and Viscoelastic Properties of Facial Skin
After Injection of Onabotulinum Toxin A
James P. Bonaparte, MD, MSc, FRCSC; David Ellis, MD, FRCSC

IMPORTANCE This prospective cohort study provides evidence and information on the
mechanism of action of onabotulinum toxin A on the reduction of skin elasticity and pliability.
Understanding the natural course that onabotulinum toxin A has on the elasticity of skin may
help physicians understand why there appears to be a progressive reduction in wrinkle levels
with repeated treatments

OBJECTIVE To determine whether onabotulinum toxin A increases skin pliability and elasticity
with a corresponding decrease in the contribution of the viscoelastic component of skin
resistance.

DESIGN, SETTING, AND PARTICIPANTS From October 1, 2012, through June 31, 2013, this
prospective cohort study enrolled 48 onabotulinum toxin A–naive women (mean [SD] age,
55.2 [11.3] years) with a minimum of mild wrinkle levels at the glabella and lateral orbit
(43 completed the study). Patients were treated at a private cosmetic surgery clinic with
onabotulinum toxin A and assessed at baseline and 2 weeks, 2 months, 3 months, and
4 months after injection.

INTERVENTIONS Standardized onabotulinum toxin A was administered to patients’ glabella,
supraorbit, and lateral orbit.

MAIN OUTCOMES AND MEASURES Skin pliability, elastic recoil, and the ratio of viscoelastic
resistance (Uv) to elastic resistance (Ue).

RESULTS For the supraorbit, there was a significant effect of time on pliability (F = 20.5),
elastic recoil (F = 6.92), and Uv/Ue ratio (F = 5.6) (P < .001 for all). For the glabella, there was
a significant effect of time on pliability (F = 32.23), elastic recoil (F = 31.66), and Uv/Ue ratio
(F = 10.11) (P < .001 for all). For the lateral orbit, there was a significant effect of time on
pliability (F = 15.83, P < .001), elastic recoil (F = 11.43, P < .001), and Uv/Ue ratio (F = 10.60,
P = .009).

CONCLUSIONS AND RELEVANCE This study provides further evidence that there is an
alteration in biomechanical properties of the skin after injection with onabotulinum toxin A.
This effect appears to last up to 4 months in the glabella and up to 3 months at other sites.
The decrease in the Uv/Ue ratio suggests onabotulinum toxin A injection does not result in an
increase in tissue edema suggestive of an inflammatory reaction within the skin. However, it
remains unclear whether this is due to an intrinsic property of the medication or another
unrecognized mechanism.
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H uman skin has 3 key biomechanical features: strength,
pliability (or compliance [the ability to stretch]), and
elasticity (or resilience [the ability to recoil]). As one

ages, these biomechanical properties change.1 Of these age-
related changes, the loss of skin elasticity appears to be the most
prominent.1-8

Physicians often use a variety of methods to attempt to re-
verse the signs of aging. One such method involves the use of
onabotulinum toxin A (Botox; Allergan Inc) injection. Al-
though the primary mechanism of action of onabotulinum
toxin A involves a paralysis of the treated muscle that is due
to blocking transmitting at the motor end plate, recent evi-
dence suggests that the use of onabotulinum toxin A also re-
sults in an alteration in the elasticity and pliability of the skin.9

In this study, we used nonstandardized dosing of onabotu-
linum toxin A injected into the glabella and lateral orbit. Fur-
thermore, the study only measured the results up to 2 months
after treatment; thus, it is unclear whether the results are main-
tained or return to normal after a short period. Given that ona-
botulinum toxin A lasts a mean of 3 months,10-20 one would
expect the changes that occur in skin elasticity to return to the
original pretreatment levels.

Understanding the natural course that onabotulinum toxin
A has on the elasticity of skin may help physicians under-
stand why there appears to be a progressive reduction in
wrinkle levels with repeated treatments.21,22 There have been
a number of theories as to why progressive wrinkle reduction
occurs after repeated injections of onabotulinum toxin A. One
theory suggests that it is a result of a learned response, such
that patients learn not to use their facial muscles for frown-
ing and thus have less motion contributing to the formation
of wrinkles. A second theory suggests that there is a long-
term physiologic change in the muscle itself (ie, muscle
atrophy).23 Both these theories suggest that the wrinkle for-
mation stops after the motion is inhibited. They do not, how-
ever, offer any suggestion as to why the wrinkles fade. On the
basis of previous evidence, a third theory suggests that ona-
botulinum toxin A may have a direct effect on the skin at a his-
tologic level.9,21 However, it remains controversial whether ona-
botulinum toxin A results in a direct effect on skin cells or
whether the alteration in skin biomechanical properties is a
result of local inflammation. A study by Dobrev24 noted that
in skin that was exposed to UV light radiation, the radiation
induced inflammation and caused specific changes in the bio-
mechanical properties of the skin. When a tension force is ap-
plied to human skin, there are 2 primary mechanisms that re-
sist the force. Initially, the elastic component of the skin resists
the stretch (Figure 1). Once the skin’s elastic resistance (Ue) is
at its maximum, a continued force on the skin results in the
further skin deformation as a result of the viscoelastic com-
ponent of resistance (Uv). The Uv of skin expansion is due to
displacement of interstitial fluid through the fibrous network
of the skin. The results of the study by Dobrev24 noted that
when inflammation was present, there was an increase in
edema within the skin, resulting in a relative increase in the
Uv of skin distention. Of interest, Dobrev24 noted that if the
inflammatory response was blocked, there was no increase in
the Uv of skin expansion. If the application of onabotulinum

toxin A results in an inflammatory change in the skin, it is likely
that the Uv will increase relative to the Ue. However, if ona-
botulinum toxin A is resulting in a change in collagen and elas-
tin levels, we hypothesize that a reduction in Uv and an in-
crease in the Ue would occur.

To gain a further understanding of the effect of onabotu-
linum toxin A on the skin, a study assessing the effect of the
medication may help identify potential intrinsic changes that
occur in facial skin after onabotulinum toxin A treatment.
Therefore, the purpose of this study is to test the hypothesis
that onabotulinum toxin A causes an initial increase followed
by decrease in skin elasticity and pliability along with a reduc-
tion in the relative contribution of the Uv of skin, reaching a
maximum effect at 3 months.

Methods
Patient Population
All patients presenting to a facial plastic surgery clinic from Oc-
tober 1, 2012, through June 31, 2013, for an injection of ona-
botulinum toxin A over the glabella, forehead, and lateral or-
bit were approached for enrollment. Patients had to have a
minimum of mild wrinkle levels at the glabella and lateral or-
bit according to the Facial Wrinkle Scale.25 This clinic con-
sists of 2 otolaryngologists (J.P.B. and D.E.) practicing in fa-
cial plastic surgery. The clinic is associated with the Department
of Otolaryngology–Head and Neck Surgery at the University of
Toronto, Toronto, Ontario, Canada. The clinic performs 1000
to 1200 onabotulinum toxin A injections a year. All research
followed the Declaration of Helsinki, and participants signed
a written informed consent form approved by the University
of Toronto Research Ethics Board.

Figure 1. Standard Output of the Cutometer MP 580
in the Time-Strain Mode
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At time 0, the suction pressure is applied to the skin. At this point, the device
begins to measure the distance the skin deforms over time. The Cutometer
provides the elastic resistance (Ue) and viscoelastic resistance (Uv).
At 3 seconds, the Cutometer suction pressure is removed. At this point, the
maximum deformation of the skin is measured (overall pliability [Uf]). The skin
then recoils, and the Cutometer measures this change. At the end of the
3-second period of no suction, the initial recoil elastic (Ur) and the total elastic
recoil (Ua) are measured.
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Inclusion and Exclusion Criteria
Patients were excluded if they met any of the following crite-
ria: pregnant or breastfeeding, a medical comorbidity result-
ing in a contraindication to onabotulinum toxin A, scars or
other anomalies over the measurement sites, any dermato-
logic conditions underlying the measurement site, any his-
tory of onabotulinum toxin A injection, and concomitant or
planned skin tightening (both laser or surgical) or any other
facial laser procedures during the treatment period or within
2 months before the initial treatment. The use of tanning beds
or skin care products was not considered exclusion criteria in
this study.

Instrumentation
A Cutometer MPA 580 skin elasticity meter along with the
accompanying software (Cutometer MPA Q) was used for all
patients (Courage & Khazaka Electronic, Cologne, Germany).
The Cutometer MPA 580 is a device that is often used to pro-
vide an objective measure of in vivo skin biomechanical
properties.7,8,26-30 The Cutometer consists of a probe with a
4-mm round opening that is placed on the skin. The skin con-
tact portion of the probe contains a spring-mounted compo-
nent that is designed to buffer small variations in force and thus
prevent fluctuations in the force applied to the skin.31 The probe
is connected to the primary Cutometer hardware by a tube that
transfers the suction generated by the primary hardware to the
4-mm probe opening. This suction then deforms the skin, pull-
ing it into the probe. Within the probe, a light measures the de-
formation of the skin over time as well as the relaxation of the
skin after the suction is removed. The Cutometer was cali-
brated before testing according to company guidelines. Clean-
ing was performed on the probe daily according to guidelines
by the company. A specially designed double-sided adhesive
tape was used for all patients during testing to ensure ad-
equate contact between the skin and the probe.

Cutometer Settings
Settings were the same as those of a previously reported study.9

All patients were tested using the time-strain mode (mode 1).
For each trial, a 3-second active-suction period followed im-
mediately by a 3-second suction-off relaxation period was used
with a setting of 400 millibar (40 kPa) of suction. This
6-second on-off period will be referred to as 1 cycle in this ar-
ticle. One cycle was performed for each trial.

Data Collection
Data were collected at 5 periods: before treatment and 2 weeks,
2 months, 3 months, and 4 months after treatment. The ex-
perimental protocol was the same for each period. The same
investigator (J.P.B.) collected data for all periods.31 This inves-
tigator was masked to the results of the testing until all data
collection was completed.

All testing was performed in a humidity- and temperature-
controlled environment. The temperature was maintained at
23°C with a relative humidity of 35%. All participants were re-
quired to remain in the environment for a minimum of 15 min-
utes before testing. Participants’ skin was cleaned with iso-
propyl alcohol solution to remove any residual desquamating

skin, moisturizing cream, or cosmetics before testing. The skin
was then allowed to dry for 5 minutes.

After this 5-minute rest, we identified 3 testing sites on each
patient’s face and 1 on the forearm (control site). One side of
the face was chosen for testing. The tested side was deter-
mined randomly by a coin toss. The same side was tested for
all periods.

Testing site 1 was at the glabella, defined as the point half
way between the medial brows above the nasion. Site 2 was
the supraorbital point, defined as the point corresponding to
a vertical line dropped from the lateral limbus of the eye at a
right angle to the Frankfort horizontal plane 1.5 cm above the
orbital rim above the brow. This site was chosen as the ap-
proximate point at which the corrugator supercilious inserts
into the skin.32 Site 3 was the lateral orbit defined as 1 cm lat-
eral to the orbital rim at the midpupillary line. All testing was
performed with the patient at repose.

The forearm skin was used as a control. For this site, a dis-
tance of 10 cm was measured from the proximal volar wrist
crease in the midaspect of the patient’s right forearm. Each site
was tested 3 times, and the median value was used for the fi-
nal data analysis.

The procedure for each measurement was as follows. Once
the Cutometer software program was opened on a computer,
the investigator selected “measurement” from the main pro-
gram screen. At this point, the Cutometer MPA 580 increased
the internal suction pressure to 400 millibar (40 kPa). The
double-sided adhesive tape was then secured to the probe
head. Once completed, the investigator placed the probe on
the measurement site at the marked location. The probe was
then secured at a 90° angle to the skin. At this point, the soft-
ware was instructed to perform 1 measurement cycle. Once
completed, the probe was removed from the patients’ skin, and
a 15-second rest was administered to limit the effect of elastic
hysteresis. We attempted to maintain light skin pressure for
all testing.31,33 Testing was conducted for each trial and skin
location. The double-sided tape was replaced every 3 trials.

Onabotulinum Toxin A Injection
Onabotulinum toxin A was used for all patients. Each 200-U
vial of onabotulinum toxin A was mixed with 2 mL of sodium
chloride, 0.9%, with preservatives. All patients received a dose
that followed guidelines proposed by Carruthers et al.34 Given
that patients were naive to the toxin, a low dose was used for
all sites. Female patients received a total dose of 9 U (3 injec-
tion points) for each lateral orbit. A total dose of 20 U was used
for the glabella (5 injection points). A 30-gauge needle was used
for all injections. A maximum of 3 injections was performed
with each needle. One injection was performed over the pro-
cerus, 3 injections were performed along the corrugator bilat-
erally, and 3 injections were performed along the orbicularis
bilaterally as described by Carruthers et al.35 No additional in-
jections were performed while the patient was enrolled in the
study.

Outcome Measures
There were 3 primary outcome measures collected for this
study (Figure 1): pliability, an absolute parameter reflecting the
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distance the skin is stretched during the 3-second suction pe-
riod; overall (gross) elasticity, a relative parameter represent-
ing the ratio between the elastic recoil after 3 seconds of suc-
tion release divided by the pliability1,36; and overall elasticity
(or elastic recoil), expressed as the percentage the skin re-
turned to baseline position after 3 seconds of no suction.

When the skin is being stretched, there are 2 components
resisting lengthening of the skin: Ue and Uv (Figure 1). The
Uv/Ue ratio represents the 2 components that resist the stretch-
ing of the skin during the 3-second suction period.

Statistical Analysis
Demographic data, including age, sex, Fitzpatrick skin type,
and Facial Wrinkle Scale score, were recorded for each pa-
tient. Both primary outcomes were tested to determine
whether they differ significantly from a normal distribution
using the Anderson-Darling test.37 Any distribution with P <
.05 was considered significantly different than a normal dis-
tribution, and thus transformations were attempted using a
Johnson transformation.37

For each primary outcome measure, a general linear model
analysis of variance (ANOVA) with repeated measures was used
to determine whether there was a statistically significant differ-
ence between times. Tukey post hoc testing was used to assess
individual differences within the ANOVA. Data were analyzed
using Minitab software, version 15 (Minitab Inc). Because 3 pri-
maryoutcomemeasureswerecollected,aBonferroniadjustment
was performed; thus, statistical significance was set at P < .017.

Sample Size Calculation
A sample size calculation for a 1-way ANOVA with 4 levels was
calculated. Assuming P = .025 and a mean (SD) difference be-
tween groups of 10% (10%) at a power of 80%, a minimum
sample size of 28 patients was required.9 The SD of 10% was
estimated by pilot testing and previously published research.8,9

Results
Forty-eight patients from a private cosmetic surgery clinic en-
rolled in the study. Forty-three patients returned for follow-

up. The mean (SD) age of patients was 55.2 (11.3) years, and all
patients were female. The median Fitzpatrick skin type was
3. The median Facial Wrinkle Scale score was 2 for the gla-
bella and 2 for the lateral orbit. Pliability (P = .47) and elastic
recoil (P = .21) data were not significantly different from a nor-
mal distribution.

For the supraorbit, there was a significant effect of time
on pliability (F = 20.50), elastic recoil (F = 6.92), and Uv/Ue ra-
tio (F = 5.60) (P < .001 for all). For the glabella, there was a sig-
nificant effect of time on pliability (F = 32.23), elastic recoil
(F = 31.66), and Uv/Ue ratio (F = 10.11) (P < .001 for all). For the
lateral orbit, there was a significant effect of time on pliability
(F = 15.83, P < .001), elastic recoil (F = 11.43, P < .001), and Uv/Ue
ratio (F = 10.60, P = .008). Age was not significant as a covar-
iate in any of the models (P = .74 for lateral orbit, P = .62 for
supraorbit, and P = .52 for glabella).

For pliability (Figure 2), post hoc testing indicated no sig-
nificant change between baseline and 2 weeks for any site ex-
cept the glabella (P = .02). There was, however, a significant
increase for all 3 sites between baseline and 2 months (P < .001)
and 3 months (P < .001). There was no significant change at 4
months for any site (P = .14 for lateral orbit, P = .79 for supra-
orbit, and P = .41 for glabella) (Table 1).

For elastic recoil (Figure 3), there was no significant change
between baseline and 2 weeks for the lateral orbit (P = .98) and
the supraorbit (P = .97), whereas there was a significant ef-
fect at the glabella (P = .01). For all sites, there was a signifi-
cant increase in elastic recoil between baseline and 2 months
(P < .001). At 3 months, only the glabella reached significance
(P < .001), whereas the lateral orbit (P = .40) and the supraor-
bit did not (P = .29). At 4 months, only the glabella main-
tained a significant increase in elastic recoil (Table 1).

When assessing the Uv/Ue ratio (Figure 4), there was no
significant difference between baseline and 2 weeks for any
site (P = .95 for lateral orbit, P = .63 for supraorbit, and P = .78
for glabella). For the glabella, there was a significant reduc-
tion in the ratio compared with baseline at 2 months (P < .001)
and 3 months (P = .004) but not at 4 months (P = .90). For the
supraorbit, there was a significant reduction in the ratio at 2
months (P < .001), but the ratio at 3 months (P = .03) and 5
months (P = .90) did not reach our definition of significance.

Figure 2. Mean Pliability at All Measured Sites

1.3

1.2

1.0

1.1

0.9

0.8

0.7

0.6

0.5

P
li

ab
il

it
y,

 μ
m

0 2 wk 4 mo2 mo 3 mo

Lateral Orbit

0 2 wk 4 mo2 mo 3 mo

Supraorbit

0 2 wk 4 mo2 mo 3 mo

Glabella

Error bars indicate 95% CI.

Facial Skin Effects of Onabotulinum Toxin A Original Investigation Research

jamafacialplasticsurgery.com (Reprinted) JAMA Facial Plastic Surgery July/August 2015 Volume 17, Number 4 259

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://www.jamafacialplasticsurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamafacial.2015.0376


Copyright 2015 American Medical Association. All rights reserved.

For the lateral orbit, only the 2-month period (P < .001) re-
vealed a significant reduction compared with baseline (Table 2).
The forearm (the control site) did not have any significant
change over time for pliability (P = .46), elastic recoil (P = .32),
or Uv/Ue ratio (P = .21).

Discussion
The results of this study confirm that the injection of onabotu-
linum toxin A in facial skin results in an increase in pliability
and elastic recoil along with a reduction in the Uv/Ue ratio for
skin distention. By 4 months, the effect returned to baseline.

A previous study1 assessing skin biomechanical changes
using the Cutometer have noted that changes in the skin that
occur with aging are the opposite of the changes that occur af-
ter an injection of onabotulinum toxin A. Aging38 and UV ra-
diation exposure2,3,39 lead to an increase in elastase activity,
resulting in a breakdown of elastin fibers and thus a reduc-

tion in skin elasticity.40 From a biomechanical point of view,
the application of UV light radiation results in a significant re-
duction in elasticity and an increase in the Uv and thus an in-
crease in the Uv/Ue ratio. The results of this study indicate that
treatment with onabotulinum toxin A results in the opposite
of these changes.

Of interest, this study also confirmed the contribution of
Uv and Ue to skin stretching change over time after injection
of onabotulinum toxin A. One potential hypothesis is that the
dermal network of collagen may become more organized dur-
ing the period when the onabotulinum toxin A is affecting the
skin as evident in the Uv/Ue data. As noted in a previous study
on fibroblasts,41 the application of onabotulinum toxin A re-
sults in increased collagen, elastin, and procollagen levels. As
more collagen and elastin is produced, the relative amount of
Ue (compared with Uv) increases. These changes produce skin
that has the characteristic features consistent with youthful
skin.6 After 2 to 3 months, these changes begin to wear off and
skin begins to return to its normal characteristics for that in-

Table 1. Summary of Results for Pliability and Elastic Recoil

Time

Pliability Elastic Recoil
Mean Change From
Pretreatment Baseline
(95% CI) P Value

Mean Change From
Pretreatment Baseline
(95% CI) P Value

Lateral Orbit

2 wk 1.3 (−11.5 to 14.1) >.99 1.6 (−6.2 to −0.4) .98

2 mo 27.3 (14.4 to 40.2) <.001 16.8 (8.9 to 24.7) <.001

3 mo 27.8 (14.5-41.1) <.001 8.3 (0.2 to 16.4) .40

4 mo 10.6 (−1.9 to 23.1) .14 0.2 (−5.6 to 9.6) .95

Supraorbit

2 wk 4.2 (−7.5 to 16.0) .86 −1.7 (−9.2 to 5.7) .97

2 mo 27.9 (15.80 to 40.03) <.001 10.2 (2.5 to 17.9) .003

3 mo 31.7 (18.8 to 44.6) <.001 5.7 (−2.4 to 13.8) .29

4 mo 4.7 (−6.9 to 16.5) .79 −1.9 (−9.5 to 5.5) .95

Glabella

2 wk 9.5 (1.1 to 18) .02 7.3 (2.3to12.3) .01

2 mo 29.3 (20.6 to 38.0) <.001 20.5 (15.4 to 25.6) <.001

3 mo 26.1 (17.1 to 35.1) <.001 11.5 (6.2 to 16.8) <.001

4 mo 5.3 (−3.1 to 13.7) .41 8.6 (3.7 to 13.6) <.001

Figure 3. Mean Elastic Recoil at All Measured Sites
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dividual. This effect corresponds to the mean duration of
effect of the medication.

These changes mimic those that one would expect
if a change to more youthful skin, as measured by the
Cutometer, were to occur. Specifically, as skin ages, the elas-
ticity (elastic recoil) reduces from a mean of 70% at the age of
20 years to near 50% at the age of 70 years.1 Similarly, the pli-
ability of the skin also decreases over time, however, with a
lower correlation with age than elastic recoil.1

Nevertheless, it still remains unclear how onabotulinum
toxin A results in these skin changes. A study by Oh et al42 as-
sessed the effect of onabotulinum toxin A on human fibro-
blasts, noting that at 36 and 48 hours there was a significant
increase in procollagen, Col 1A1, and Col 1A2 and a reduction
in matrix metallopeptidase 9 in a dose-dependent manner com-
pared with controls.

The effects of onabotulinum toxin A on the skin are
similar to that reported when using radiofrequency skin
tightening. Studies assessing radiofrequency skin tightening
have noted multiple potential mechanisms of action. One
study43 noted that thermal stimulation of the dermis results
in a microinflammatory stimulation of fibroblasts, thus pro-
ducing new collagen and new elastin, which possibly
increases skin tightness. Although some basic evidence
exists on the effect of onabotulinum toxin A on fibroblasts,
it remains unclear whether the skin-tightening effect is due
to the medication effect or a local inflammatory response to
the injection.

However, as noted in the study by Dobrev,24 an inflam-
matory response in the skin results in a reduction in elasticity
and an increase in the Uv, the opposite of what was observed
in this current study. If onabotulinum toxin A were causing a
local inflammatory response, one would expect a similar pat-
tern in the Uv/Ue ratio; however, this is not the case. Never-
theless, the results of the current study provide evidence sup-
porting the notion that the medication is having a direct effect
on skin, yet the actual mechanism remains elusive. Of inter-
est, the finding that the effect on the skin biomechanics mim-
ics the duration of action of the product on motor end plates
provides some evidence that there may be more than a simple
inflammatory response at play.

Although this study provides evidence supporting our
hypothesis, there are limitations. This study was not
double-blinded, thus reducing the level of evidence. How-
ever, the use of an objective measuring device likely limits
some of this bias. It also remains unclear whether repeated
injections result in larger, more lasting changes in skin.
Future studies are required to determine whether these
changes continue to occur over time. In addition to this,
there was no histologic assessment performed on skin tis-
sue; thus, it is not possible to indicate with confidence that
the biomechanical changes are a direct result of collagen
and/or elastin changes in the skin.

Conclusions
This study found an increase in skin pliability and elasticity
with a corresponding reduction in the Uv after treatment of

Figure 4. Mean Ratio of Viscoelastic Resistance (Uv) to Elastic Resistance (Ue) for All Measured Sites
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Table 2. Summary of Results for Uv/Ue Ratio

Time

Uv/Ue Ratio
Mean Change From
Pretreatment Baseline
(95% CI) P Value

Lateral Orbit

2 wk −0.01 (−0.07 to 0.04) .95

2 mo −0.10 (−0.16 to −0.04) <.001

3 mo 0.01 (−0.05 to 0.07) .98

4 mo 0.03 (−0.03 to 0.08) .71

Supraorbit

2 wk −0.03 (−0.1 to 0.03) .63

2 mo −0.10 (−0.17 to −0.03) <.001

3 mo −0.08 (−0.15 to −0.01) .03

4 mo −0.02 (−0.09 to 0.04) .90

Glabella

2 wk −0.03 (−0.10 to 0.04) .78

2 mo −0.13 (−0.20 to −0.05) <.001

3 mo −0.10 (−0.18 to −0.02) .004

4 mo 0.01 (−0.06 to 0.08) .99

Abbreviations: Ue, elastic resistance; Uv, viscoelastic resistance.
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facial wrinkling with onabotulinum toxin A. The changes
occurring in patients’ skin appear to be the opposite of
those associated with the aging process1 and UV radiation
exposure and inflammation.24 This study also suggests that

the duration of effect of these changes mimics the duration
of effect of the medication. Future studies are required to
determine and quantify the histologic changes that are
occurring.
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Invited Commentary

Furthering the Understanding of Actions of Botulinum Toxin A
Catherine P. Winslow, MD

The fountain of youth or potent neurotoxin? Botulinum toxin
represents both. It has long been known that victims of facial
paralysis present a more youthful visage on the paralyzed side,

and minimizing muscular
contractions can help pre-
vent the formation of folds

and rhytids in facial skin. The biochemical impact of muscu-
lar contractions, however, has largely been overlooked and rep-
resents a fascinating new field in the understanding of the ag-
ing process. That injections affect far more than muscular
contraction, and actually improve collagen and skin quality,
is just now being investigated as a valid histologic response.

Neurotoxin from Clostridium botulinum works by inhibit-
ing the presynaptic release of acetylcholine. It cleaves a protein
responsible for assisting docking and presynaptic release of
vesicles containing acetylcholine (synaptosomal-associated
protein 25 [SNAP-25]) and therefore prevents transmission of the
signal across the synapse. Over time, new protein development
allows for presynaptic release, leading to the temporary nature
of the effects of botulinum on muscle contraction. While this
mechanism is well studied, the direct impact to the skin when
muscles are weakened is less well known. In this issue of JAMA
Facial Plastic Surgery, Bonaparte and Ellis1 attempt to shed some
light on the dermal response to botulinum in their study of skin
elasticity and pliability. This excellent in vivo study adds cre-
dence to research showing increase in collagen deposition and
alteration of fibroblast protein expression.

Botulinum toxin A has been FDA approved for treatment
of the glabella and crow’s feet area, where weakening of active
muscle contractions is well known to improve dynamic rhytids
around the eyes. The impact of botulinum toxin A continues to
undergo evaluation as we attempt to further our understand-
ing of the biochemical impact on the skin. Prevention of mus-
cular contraction not only minimizes folds in the skin but also
prevents release of metabolites of muscular contraction such
as lactic acid. Prevention of release of these metabolites and pro-

duction of free radicals produced with skeletal muscle contrac-
tion, such as reactive oxygen and nitrogen species, may lessen
the effects of skin aging akin to use of potent antioxidants. Pow-
ers et al2 described the increasing recognition of the impor-
tance of these reactive species in their role in skeletal muscle
training and adaptation and note that use of antioxidants re-
sults in minimizing of skeletal muscle training response.

Recent studies have focused on the impact to the fibro-
blast, which is damaged with oxidative stress. Permatasari et
al3 examined the impact of botulinum toxin A on fibroblast cul-
tures exposed to UV B irradiation with regard to proteins ex-
pressed. They found an antagonistic effect on fibroblast ex-
pression of aging-related proteins with an increase in collagen
seen in a dose-dependent manner. This is exciting research
about the potential impact on photoaging with botulinum toxin
A injections. Further studies have been undertaken in an ef-
fort to determine the precise mechanism of impact of botuli-
num toxin A on soft tissues, with mixed findings. Animal stud-
ies have shown reduction of wound and scar contraction with
botulinum toxin A. Kucukkaya et al4 noted such changes in the
rat model, with collagen arrangement and volume affected as
well. Fibroblast density was shown to be significantly higher
in the group treated with botulinum toxin A, but expression
of specific proteins was not studied. Fibroblasts cultured with
botulinum toxin A were studied by Chen et al5 in an attempt
to determine the mechanism of inhibition of scar contrac-
ture. Inhibition of fibroblast growth and proliferation as well
as actin and myosin expression was found, which lent sup-
port to the theory of botulinum toxin A having an affect on scar-
ring. These findings have been applied to the field of keloid
research, with some studies suggesting that application of botu-
linum toxin A may reduce keloid growth and proliferation. Cell
culture models of generic dermal fibroblasts and vascular en-
dothelial cells showed no significant alteration in expression
of growth factor or cytokines with botulinum toxin A in a study
by Haubner et al,6 although patient-specific scar tissue was not
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