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(57) ABSTRACT 

The present invention pertains to methods of determining 
where, on the skin, a diagnostic, therapeutic, or cosmetic 
agent is likely to be most effectively applied (e.g., injected), 
and to methods for monitoring a patient after Such an agent 
has been administered. The monitoring can produce informa 
tion useful in determining whether a diagnostic, therapeutic 
(e.g., Surgical), or cosmetic regime should be initiated, con 
tinued, continued in a modified fashion, or terminated (e.g., 
for a brief or prolonged period of time). The methods can be 
repeated periodically and use a non-invasive, in vivo form of 
digital image speckle correlation (DISC) to track deformation 
of the skin. 

• For Botox, Patients are photographed with their faces at rest and during 
a Small movement 

- Raising Eyebrows (Forehead) 
- Frowning Glabella) 
- Blinking (Crow's Feet) 

• Photos are taken at T=0, 1 week, 2 weeks, 4 weeks, and monthly to 6 
months 

• Digital photos are analyzed using DISC and facial muscle contraction is 
quantified and Compared to baseline 

• Quantitative analysis is corroborated with FLO-118, SPA8 Measure, and 
SGA (physician and patient) scores 

• For Acoustic Neuroma Study, Patients were photographed with their 
faces at rest and during a small movement: Smile 

• Photos are taken either Post surgery or Presurgery. 
• DISC is then used to analyze the digital photos 
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METHODS USEFUL IN OPTIMIZING THE 
TREATMENT OF NEUROPATHIES AND 
TARGETING TISSUES WITH COSMETIC 

BOTULINUMINUECTIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of the filing date 
of U.S. Application No. 61/482,057, which was filed May 3, 
2011. The content of this earlier-filed provisional application 
is hereby incorporated by reference herein in its entirety. 

STATEMENT REGARDING FEDERALLY 
FUNDED RESEARCH 

0002 This invention was made with government support 
under grant number DMR0606387 awarded by the National 
Science Foundation. The government has certain rights in the 
invention. 

FIELD OF THE INVENTION 

0003. The present invention relates to both cosmetic treat 
ments and to more serious conditions, including neuropathies 
(e.g., those caused by an acoustic neuroma) and stroke. More 
specifically, the invention relates to methods of optimizing 
where cosmetic agents such as botulinum toxin are best 
applied (e.g., injected); to methods of determining when and 
where treatment, including Surgical intervention, for neuro 
pathies should be undertaken; and to methods of evaluating 
the extent to which a patient’s condition is improving or 
declining (e.g., as a neuropathy develops or during or after a 
stroke). 

BACKGROUND 

0004 Digital Image Speckle Correlation (DISC) analysis 
is a sensitive, non-invasive technique that calculates the mag 
nitude and vector of muscle contraction through photo 
graphic analysis. This technique has been used in animal 
studies of skin dynamics (see, e.g., Guan et al., Dermatol. 
208(2):112-119, 2004). In addition, the technique has been 
used to characterize the biomechanical properties of human 
skin and to assess the effects of aging. For example, U.S. 
Patent Application No. 2007/0125390 describes methods of 
evaluating structural changes in the skin due to exogenous or 
endogenous factors. More specifically, U.S. Patent Applica 
tion No. 2009/0022665 describes methods employing DISC 
analysis for evaluating immediate effect skin-molding 
agents, which are topically applied agents that cause a mea 
Surable, quantifiable change and/or reaction in the skin. 
Images are obtained before and after applying Such agents in 
order to evaluate the skin's reaction and thereby determine 
the desirability of the agent. As noted therein, the methods 
provide for evaluating the skin's response to cosmetic, der 
matologic or medicinal treatment or to any other factor 
alleged to affect the skin. 

SUMMARY 

0005. The present invention is based on our conception of 
methods for extending DISC to direct clinical application. 
The methods are based on following the deformation of a set 
of speckles (e.g., a correlated set of speckles), whose density 
defines the spatial resolution (denser speckles providing 
greater spatial resolution). While conventional speckle mate 
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rial can be used, the pores intrinsic to the skin forman ideal set 
of features that can also be followed. Accordingly, any of the 
methods of the invention can employ extrinsic speckle mate 
rial and/or intrinsic pores or other skin Surface markers (e.g., 
the stubble of a beard). Instead of an applied force, which is 
used in traditional mechanical testing, or an invasive tech 
nique, the present methods can be carried out by analyzing 
natural motions, such as one or more of the following, to 
generate skin deformation: Smiling (e.g., slight Smiling), eye 
movement (e.g., blinking or looking in a defined direction), 
movement of the jaw, lips, or tongue (e.g., opening of the 
mouth), and movement of the forehead (e.g., raising one or 
both eyebrows and frowning). One then generates, based on 
the DISC or DISC-like analysis, a map of the deformation of 
the speckles or the cutaneous markers (e.g., a pore ensemble), 
which identifies the loci where stress is applied to the skin, the 
regions of dissipation of the elastic strain, and the specific 
combination of muscles involved in a given motion. This 
allows one to then assess variations in skin elasticity and to 
map the differences that exist among different regions of for 
example, the face, including the area around the eye, the 
forehead, and the area around the mouth. The vector displace 
ment of the skin generated by DISC or DISC-like analysis can 
further be used to calculate the magnitude and direction of 
muscle contraction. 

0006. As noted above, the present methods can be applied 
where non-cosmetic conditions or procedures are contem 
plated (e.g., an acoustic neuroma or following a stroke 
(whether pharmaceutically treated and/or treated with physi 
cal therapy). We applied DISC to see a change in nerve 
function of 12 patients suffering from acoustic neuroma. 
Another study was done to quantify the effects of botulinum 
toxin Type A (BOTOXR) on tension and contraction of 
treated muscle groups in six patients for a period of six 
months. Previously, many invasive techniques, which can be 
painful, have been used to see the effect of acoustic neuroma 
on nerve function. Similarly, for botulinum toxin injections, 
past treatment was based on Subjective measures of aesthetic 
outcomes. While useful in determining patient satisfaction 
and self-image following treatment, these metrics fail to 
objectively quantify the direct effect of botulinum toxin on 
the facial musculature, nor do they allow us to predict a 
patient's response to treatment in a meaningful way. The 
present methods improve upon Such outcomes. Despite sev 
eral validated questionnaires, including the Facial Line Out 
come (FLO-11) questionnaire and the Self-Perception of Age 
(SPA) measure, there is a lack of an objective measurement 
tool to determine the degree or duration of the toxins effects 
(or of any other cosmetic procedure, such as the injection of 
a filler material to the lips, chin, cheekbones, or forehead). 
Our methods employ DISC as a sensitive non-invasive tool 
that derives corresponding displacement vectors through 
tracking geometric features on digital images before and after 
muscle deformation (e.g., before and after apatient is asked to 
assume a particular pose. Such as Smiling). By taking images 
(e.g., digitized images), DISC analysis can improve the cur 
rent standard of care for cosmetic treatments in which an 
agent that alters the muscular function or form of the face is 
injected. We expect a similar improvement in the standard of 
care for neuropathies, including acoustic neuromas, as it can 
be difficult at present to track the rate of change and determine 
when to intervene and/or the Success of an intervention. 
Moreover, the present methods can be adopted to analyze the 
extent of a stroke and/or a patient's recovery. They may be 
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especially useful where the stroke is either mild (making an 
assessment of the impaired function difficult somewhat dif 
ficult to perceive) or major (as function can be so impaired, 
small degrees of improvement can be difficult to detect). In 
the case of cosmetic treatments, such as BOTOXOR) treat 
ments, DISC analysis enhances clinical judgment by indicat 
ing where injections should be performed to produce optimal 
cosmetic results. Thus, the methods of the present invention 
are not limited to those (and can exclude those) in which the 
skin's response to cosmetic, dermatologic or medicinal treat 
ment is evaluated following treatment. The present methods 
can be employed prior to treatment in order to inform the 
application of the treatment, for example, to optimize the 
treatment (e.g., by selecting a targeted area for treatment 
and/or determining the number and or size of an area or areas 
to be treated). The methods can also be applied both before 
and after the treatment; they are not merely evaluative. As 
indicated for neuromas, the present methods can help the 
treating physician or Surgeon determine the effect of the neu 
roma on nerve function and treat the patient accordingly. The 
same is true in the event of stroke. Any of the methods of the 
invention can include a step of selecting or identifying a 
patient who will or who may benefit from treatment. As 
acoustic neuromas have been linked with the genetic disorder 
neurofibromatosis type 2 (NF2), the present methods focused 
on neuropathies can include a step of identifying a patient 
suffering from NF2. In addition, the methods can be 
employed over time to monitor the progress of a condition or 
the progress of recovery following nerve repair and/or mus 
cular injection. 
0007 Although we tend to stress the use of DISC analysis, 
the invention is not limited to methods in which DISC, as 
strictly and currently understood, is applied. The present 
methods can be carried out using any technique that calcu 
lates the magnitude and direction (vector) of muscle contrac 
tion in a sufficiently sensitive manner. While photographic 
analysis is inexpensive and convenient, other imaging tech 
niques that allow muscle contraction to be analyzed as DISC 
or a DISC-like technique does can also be used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is an outline of the photographic process and 
analysis for patients who wish to undergo a cosmetic proce 
dure (e.g., BOTOX(R) injections) and patients with an acoustic 
UOa. 

0009 FIG. 2 includes a series of color maps produced by 
DISC analysis, a bar graph Summarizing the data, and a 
representative photograph of a patient. Although the data in 
the color maps is much easier to discern from color photo 
graphs, one can see, even from the black and white copies 
shown here, the evidence of muscle contraction at "O Day' 
when the patient is frowning (prior to BOTOXOR) injection), 
the lack of contraction due to muscle paralysis at “Week 1 
and “Week 2, and the gradual return of muscle contraction 
over the subsequent periods of time when the patient frowns. 
0010 FIG.3 is a series of contour maps produced by DISC 
analysis, with the length and direction of the arrows indicat 
ing the magnitude and direction of muscle tension generated 
in a patient who was photographed while frowning. The con 
tour maps were generated at the times shown (i.e., at "Oday' 
(upper left) and then at 1, 2, and 4 weeks after BOTOXOR) 
injection (moving from left to right across the top row of 
contour maps); photographs taken at later times, as labeled, 
are shown in the second and third rows). 
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0011 FIG. 4 shows a photograph of a patient performing 
another facial movement, raising her eyebrows rather than 
frowning, and a corresponding contour graph. One of ordi 
nary skill in the art could overlap the photograph with the 
contour map to determine the location of areas of stress. 
0012 FIG. 5 includes a series of color maps generated 
from photographs obtained on “ODay” —before a patient 
received a BOTOXR injection—and 1, 2, 4, and 8 weeks 
afterward. Even though the black-and-white reproductions of 
the color figures are not as informative, one can still see the 
reduction in muscle contraction after the BOTOXOR) injection 
and its reemergence over time. FIG. 5 also includes a bar 
graph plotting the average degree of deformation over time. 
0013 FIG. 6 includes a photograph of a patient diagnosed 
as having an acoustic neuroma. This patient has already 
undergone Surgical treatment, and the data shown in the con 
tour and color maps are used to assess the degree of asym 
metry of muscular activity (the color map on the left depicts 
motion along the X axis and the color map on the right depicts 
motion along the Y axis). 
0014 FIG. 7 includes a photograph of a patient diagnosed 
as having an acoustic neuroma. This patient has not under 
gone Surgical treatment, and greater asymmetry in muscular 
ability relative to the treated patient assessed in FIG. 6 is 
evident in the contour and color maps generated from photo 
graphs using DISC analysis. 

DETAILED DESCRIPTION 

(0015 The present methods are based, in part, on our rec 
ognition that DISC analysis can be used to monitor enervation 
of muscles (e.g., facial muscles) and to monitor skin mechan 
ics and the stress or tension on the skin from underlying 
muscles (e.g., facial muscles). Compared to previously 
known procedures for monitoring a patient (e.g., over time, 
either before or after a treatment regimen has been instituted), 
DISC is likely to be both less expensive and easier. We expect 
it will also provide detailed information about muscle paraly 
sis, tension, and contraction. Moreover, in the context of 
BOTOX(R) injections, we expect DISC to be useful in quan 
tifying the initial paralysis of each treated muscle group (e.g., 
in the forehead, glabellar complex, and around the eyes) and 
in revealing differences in the response to treatment among 
the muscle groups, including the rate of return-of-function 
over time. Another expected advantage of the present meth 
ods is that, while the data obtained may reveal certain general 
constants, they also provide highly individualized or “per 
sonal treatments. In the context of BOTOXR injections, 
DISC analysis enhances or Supplements visual, clinical judg 
ment by providing indicators of where the BOTOXR injec 
tions should be made to produce optimal cosmetic results. 
0016. The outline provided as FIG. 1 shows that patients 
who are contemplating BOTOXR injections would be pho 
tographed at least twice; once with their faces at rest and one 
while making a small movement (e.g., raising their eyebrows 
to generate muscle contraction in the forehead; frowning to 
contract the muscles in the glabellar complex, between the 
eyebrows; or blinking to generate muscle contraction in the 
area where “crow's feet typically develop). The paired 
images (e.g., photographs; resting and non-resting) can be 
taken over time (e.g., prior to BOTOXR injection, at about 1 
week, 2 weeks, 4 weeks, and monthly for up to about six 
months following the injection(s)). The digital photographs 
obtained can be analyzed using DISC analysis, and facial 
muscle contraction can be quantified and compared to base 
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line. If desired, the quantitative analysis can be corroborated 
with FLO-11(R, SPAR), Measure, and SGA (physician and 
patient) scores. 
0017. The outline provided as FIG. 1 also shows that 
patient who have been diagnosed with an acoustic neuroma 
can similarly be photographed with their faces at rest and 
while making a movement (e.g., a small movement). The 
photographs can be taken at points in time (e.g., approxi 
mately weekly, monthly, or quarterly) to monitor the progres 
sion of the neuroma prior to treatment or at points in time 
(e.g., approximately weekly, monthly, or quarterly) to moni 
tor the patient’s progress or recovery after treatment (e.g., 
surgical intervention for the neuroma). DISC analysis is used 
to analyze the digital photographs. 
0018. A suitable DISC system is described in U.S. Appli 
cation Publication No. 2007/0125390, and that system and 
systems like it can be used in the present methods. Thus, as 
described in the application just mentioned, the system can 
include a camera for capturing digital images (preferably 
providing a minimum of four mega pixel resolution). This 
resolution is Sufficient to resolve the pores of human skin, 
which can be the cutaneous points being tracked in the meth 
ods of the present invention. While virtually any feature in the 
image field may be used to track between images. Successful 
DISC-type techniques depend on a plurality of features to 
track. As noted above, in humans, skin pores fulfill this 
requirement. Some useful cameras (as previously described 
in the application just mentioned) are Canon EOS Rebel 
Digital camera (6.3 mega pixel resolution), the Toshiba 
DK-120F CCD camera, the five-megapixel Canon D60 or 
Canon Powershot Pro1. Data collected by the camera can be 
pre-processed by a frame grabber, such as PIXCIR) from 
EPIX(R), and the digitized information is downloaded to a 
computer for numerical analysis. Other research groups have 
developed their own software on the DISC technique to suit 
their own needs; thus, there is room for customization and 
Such modifications and adaptations are within the skill of one 
of ordinary skill in the art. Persons of ordinary skill in the art 
are capable of developing such software without undue bur 
den. Furthermore, there are also commercially available soft 
ware applications, one being VIC-2D from Correlated Solu 
tions Inc. (West Colombia, S.C.), with an advertised 
displacement accuracy of better than one one-hundredth of a 
pixel. Another Supplier of digital image correlation systems 
and software is Optical Metrology Innovations (Cork, Ire 
land; as noted in the aforementioned U.S. application). 
0019. In one embodiment, the methods comprise captur 
ing two or more images of the Subject. A procedure with just 
two images is described, and easily extended to more than two 
images. A first image of a Surface (i.e. a portion of skin) can 
be made when the skin and underlying muscles are at restand 
a second image of the Surface can be made when the patient 
has generated Some movement (e.g., by performing a grin or 
slight Smile; in the event of a neurological impairment, the 
movement will obviously vary depending on the patients 
ability to achieve the desired muscle control). To facilitate the 
methods, the area of the patient’s body being imaged can be 
partially immobilized. For example, where the area of study is 
on the face, a chin rest or other device may be used to help 
hold a subjects head still. Useful devices of this type are 
available from Canfield Scientific. It is also preferable that the 
camera (or other image capture device) be held still during 
SC. 
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0020. As described in U.S. Application Publication No. 
2007/0125390, software, such as Photoshop from Adobe R, 
can be employed once an image has been obtained. For 
example, Such software can be used to impose on the images 
a boundary of the area to be studied and a reference coordi 
nate system. The Software can also be used for obtaining a 
rough estimate of pore displacement. As described in the 
aforementioned application, the boundaries can be somewhat 
arbitrary and may be chosen to define a domain large enough 
for analyzing several areas of the skin. More Sophisticated 
image analysis software is commercially available. For 
example, products sold under the OriginLab(R) label are able 
to analyze DISC-type digital image data to calculate values 
for a host of mechanical properties of the material under 
investigation. The image analysis Software determines the 
coordinates of each pore in the displacement field relative to 
the reference coordinate system, for the before and after 
image. From this data, correlations are established between 
the pores in the before and after images and a field of dis 
placement vectors, as discussed above, may be generated. 
Each displacement vector represents the movement of one 
pore from its initial to final location. Each pore vector in the 
field of displacement vectors is resolved into its vertical and 
horizontal projections, from which vertical and/or horizontal 
projection maps may be produced. In the projection maps, the 
horizontal and vertical axes convey the coordinates of any 
position in the field of study. Areas of constant displacement 
are color coded in these figures. By measuring the displace 
ment of features (pores) at the boundary of the image area, it 
is, in principle, straightforward to calculate the change in size 
of the image area. The change in size along the vertical and 
horizontal directions may be separately calculated, or a total 
deformation of the image region may be calculated. These 
may be expressed as percent change in size or strain, induced 
in the bounded area. 

0021 Alternatively, sufficiently sophisticated digital 
analysis Software is available (i.e. OrignLab.R.) that can ana 
lyze the entire displacement field and directly calculate strain 
at any position and average strain over the field. 
0022. Accordingly, in one aspect the invention features 
methods, which we may also refer to as techniques (e.g., a 
non-invasive technique) for assessing nerve function in the 
skin. The methods can include the step of obtaining an image 
of the patient (e.g., photographing a patient) Suspected of 
having compromised nerve function. The images (e.g., pho 
tographs) can be taken of one or more areas of the patients 
skin while the patient is at rest and then taken again while the 
patient is performing an action. The images (e.g., photo 
graphs) are then subjected to DISC or DISC-like analysis. 
The patient can be suspected of having an acoustic neuroma, 
and the one or more areas of the patient’s skin that are imaged 
can be areas of skin on the patient's face or neck. The skin can 
also be located on one or more of the chest, back, arm, leg, 
hand or foot. In the “non-rest' or active position, the patient 
may have been instructed to perform one or more of the 
following movements: moving the jaw, lips, or tongue; mov 
ing the eyes; or moving the forehead. The DISC or DISC-like 
analysis can be performed on two or more occasions in time 
in order to assess the stability or instability of the nerve 
function. The DISC analysis per se can include a step of 
quantifying the strength and/or qualifying the direction of the 
effect produced when the patient is performing an action 
relative to the patient at rest. The DISC analysis can also 
include the step of examining one or more vector displace 
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ment maps of skin markers (e.g., pores). The DISC analysis 
can further include the step of identifying the principle axis of 
strain in the vector displacement maps. 
0023. In another aspect, the invention features methods or 
techniques (e.g., non-invasive techniques) for determining 
where a cosmetic agent that causes muscle paralysis should 
be injected. These methods also include a step of imaging 
(e.g., photographing) a patient. However, these patients are 
those who wish to be treated with a cosmetic agent. The 
images (e.g., photographs) are taken of one or more areas of 
the patient’s skin while the patient is at rest and again while 
the patient is performing an action. The images (e.g., photo 
graphs) are then subjected to DISC or DISC-like analysis. 
These methods can further include a step of generating a 
vector diagram based on the DISC analysis that indicates the 
locus of large stress on the skin from muscular tension and a 
step of injecting the cosmetic agent at the locus of large stress. 
The areas of the patient’s skin one would image can include 
the skin of the face or neck, and the patient may have been 
instructed to perform one or more of the following move 
ments: moving the jaw, lips, or tongue; moving the eyes; or 
moving the forehead. The DISC analysis perse can include a 
step of quantifying the strength and/or qualifying the direc 
tion (magnitude and direction; vector) of the effect produced 
when the patient is performing an action relative to the patient 
at rest. 

0024. In another aspect, the invention features methods or 
techniques (e.g., non-invasive techniques) for assessing a 
patient’s recovery from stroke. The methods can include the 
step of imaging (e.g., photographing) a patient who has had a 
stroke. The images (e.g., photographs) can be taken of one or 
more areas of the patient’s skin covering an area of the body 
affected by the stroke. For example, an area of the body that 
is paralyzed to some extent. The images are obtained while 
the patient is at rest and again while the patient is attempting 
to move the area of the body affected by the stroke, and the 
images are then subjected to DISC or a DISC-like analysis. 
The one or more areas of the patient’s skin can include skin of 
the face or neck, but may also be skin covering some or all of 
the chest, back, arms, legs, hands, or feet). The patient may be 
instructed to perform one or more of the following move 
ments: moving the jaw, lips, or tongue; moving the eyes; 
moving the forehead; or tensing a muscle in the chest, back, 
arms, legs, hands, or feet. The DISC analysis can be per 
formed on two or more occasions in time in order to assess the 
patient’s ability to move the area of the body affected by the 
stroke as time passes. The DISC analysis perse can include 
quantifying the strength and/or qualifying the direction of the 
effect produced when the patient is performing an action (or 
attempting to performan action) relative to the patient at rest. 
The DISC or DISC-like analysis can also include the step of 
examining one or more vector displacement maps of skin 
markers (e.g., pores). 
0025. In any of the methods of the invention, the steps can 
include either imaging (e.g., photographing) a patient or pro 
viding an image (e.g., a photograph) of a patient. In the event 
of a neurological impairment, the methods can be carried out 
while a patient is undergoing a treatment in order to help the 
physician assess the efficacy of the treatment. 

EXAMPLES 

0026. Examples of data generated from the present meth 
ods are shown in FIGS. 2-7. In addition, the following work 
has been conducted. 
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0027. As noted above, DISC is based on following the 
deformation of a correlated set of speckles and generates an 
essentially complete mapping of the deformation of the skin 
pores, thereby determining the loci where stress is applied to 
the skin and the specific combination of muscles involved in 
a particular motion. Botulinum Toxin (BT) has a number of 
clinical applications, including cosmetic treatment of facial 
lines. (In the description above, we have referred to the widely 
used formulation of BT marketed as BOTOXOR, however it is 
to be understood that any cosmetically acceptable agent that 
similarly induces paralysis could be used and analyzed by the 
present methods in the same manner.) Previously, the degree 
and duration of effects on the muscles of facial expression 
have been evaluated using qualitative Subjective measure 
ments (Carruthers and Carruthers, Dermatol. Surg. 33 (1 Spec 
No.):S10-7, 2007). Here, we successfully quantified the ini 
tial facial muscle paralysis as well as monitored the duration 
of the effect of BT treatment by DISC analysis, a sensitive, 
non-invasive technique that derives corresponding displace 
ment vectors through tracking geometric features on digital 
images before and after muscle deformation. This technology 
has not previously been used in conjunction with BT injection 
and could provide treating clinicians an insight into optimal 
dosing and effect duration for individual patients. 
0028. The objectives of our study were to quantify the 
facial muscle paralysis of each treated muscle group (fore 
head, glabellar complex, and crow’s feet) using DISC and to 
determine the differences in treatment response seen among 
the muscle groups and the rate of return over time. Currently, 
we know of no useful tools to quantify the changes in facial 
muscle contractile strength following treatment with botuli 
num toxin. Vector displacement of the skin generated by 
DISC can help determine the site of injection to produce 
optimal cosmetic results. DISC analysis calculates the mag 
nitude and vector of muscle contraction through photo 
graphic analysis and determines the point at which the toxins 
effects have fully dissipated by monitoring the return of 
muscle contraction. 

0029. In our study protocol, we enrolled male or female 
patients aged 18 or older (n-6). The patients’ photographs 
were taken pre-treatment with their faces at rest, frowning, 
raising their eyebrows and blinking to determine the magni 
tude of baseline reference for muscle motion of individual 
patients. We then performed injections based on PRS guide 
lines and physician’s Subjective muscle mass assessment in 
the glabellar complex, forehead, and crow’s feet. The patients 
were photographed again immediately following the injec 
tions. Follow-up occurred at 1 week, 2 weeks, 4 weeks, 8 
weeks, 12 weeks, 16 weeks, 20 weeks, and 24 weeks. Photo 
graphs were taken in the same way at these time points, and 
we performed analysis of the face at each time point in order 
to monitor changes in muscle contraction over time. For 
treatment of the glabellar complex (corrugator Supercilii, pro 
cerus, depressor Supercilii, and obicularis oculi), 5-7 injec 
tions were given, with males receiving 30-40 units and 
females receiving 10-30 units. For treatment of crow's feet 
(orbicularis oculi (lateral part)), 4-10 injections were given 
(2-5 per side). Males were injected with 6->15 units in total, 
and females were injected with 6-15 units in total. The results 
obtained from Patient 4 while frowning and raising her eye 
brows prior to treatment and at specific follow up time points 
are shown in FIG.8. DISC analysis demonstrated substantial 
facial muscle paralysis beginning at 2 weeks and varying 
degrees of recovery by 20 weeks, depending upon the indi 
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vidual muscle group. The graphs shown in FIG. 8 demon 
strate the paralysis and recovery of the forehead and glabellar 
areas in Patient 4. The frontalis muscle, which demonstrates 
a dramatic decrease in contraction when Patient 4 attempts to 
raise her eyebrows beginning at the second week, also shows 
a more rapid recovery. The glabellar complex (activated by 
frowning) also displays a significant drop in contraction 
strength, with the maximum effect seen at 2 weeks post 
treatment, which was greater in magnitude and slower to 
recover. Despite the demonstrated near recovery of the para 
lyzed muscles, patient perception of effect only began to 
decrease slightly at the 12-week time point as measured by 
FLO-11 (from 90.9 at week 4 to 74.5 at week 12) and no 
change in SPA. The DISC results were averaged by Gaussian 
integration to calculate the percentage change from baseline. 
0030 Vector diagrams depicting the direction of muscle 
contraction in the glabellar and forehead region as the patient 
is Subjected to frowning and raising of the eyebrows are also 
shown in FIG. 8. Such a vector map generated by DISC 
analysis can give an insight into the areas where stress is 
directed and how it dissipates following the botulinum toxin 
treatment. Knowledge of the direction of the muscle contrac 
tion can help tailor the site of injection for individual patients. 
0031 DISC analysis can provide insight into the precise 
duration of muscle paralysis or the cumulative effects of 
multiple successive treatments. It can enhance clinical judg 
ment, tailoring the amount and location of injections to the 
unique facial muscle profile of the patient. Additional clinical 
applications include monitoring the recovery after nerve 
repair and recording prospective outcomes data for facial 
transplant recipients. With its highly sensitive, non-invasive 
nature and ease of reproducibility, we believe DISC analysis 
can revolutionize outcomes measures in clinical practice. 
What is claimed is: 
1. A non-invasive technique for assessing nerve function in 

the skin, the method comprising photographing a patient 
Suspected of having compromised nerve function, wherein 
the photographs are taken of one or more areas of the patients 
skin while the patient is at rest and again while the patient is 
performing an action, and Subjecting the photographs to 
DISC analysis. 

2. The method of claim 1, wherein the patient is suspected 
of having an acoustic neuroma and the one or more areas of 
the patient’s skin comprises skin of the face or neck. 

3. The method of claim 2, wherein the patient is instructed 
to perform one or more of the following movements: moving 
the jaw, lips, or tongue; moving the eyes; or moving the 
forehead. 

4. The method of claim 1, wherein the DISC analysis is 
performed on two or more occasions in time in order to assess 
the stability or instability of the nerve function. 

5. The method of claim 1, wherein the DISC analysis 
comprises quantifying the strength and/or qualifying the 
direction of the effect produced when the patient is perform 
ing an action relative to the patient at rest. 
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6. The method of claim 1, wherein the DISC analysis 
comprises the step of examining one or more vector displace 
ment maps of skin pores. 

7. The method of claim 1, wherein the DISC analysis 
further comprises the step of identifying the principle axis of 
strain in the vector displacement maps. 

8. The method of claim 1, wherein the skin is located on one 
or more of the chest, back, arm, leg, hand or foot. 

9. A non-invasive technique useful in determining where a 
cosmetic agent that causes muscle paralysis should be 
injected, the method comprising photographing a patient who 
wishes to be treated with the cosmetic agent, wherein the 
photographs are taken of one or more areas of the patients 
skin while the patient is at rest and again while the patient is 
performing an action, and Subjecting the photographs to 
DISC analysis. 

10. The method of claim 9, further comprising generating 
a vector diagram based on the DISC analysis that indicates the 
locus of large stress on the skin from muscular tension. 

11. The method of claim 10, further comprising the step of 
injecting the cosmetic agent at the locus of large stress. 

12. The method of claim 9, wherein the one or more areas 
of the patient’s skin comprises skin of the face or neck. 

13. The method of claim 12, wherein the patient is 
instructed to perform one or more of the following move 
ments: moving the jaw, lips, or tongue; moving the eyes; or 
moving the forehead. 

14. The method of claim 9, wherein the DISC analysis 
comprises quantifying the strength and/or qualifying the 
direction of the effect produced when the patient is perform 
ing an action relative to the patient at rest. 

15. A non-invasive technique for assessing a patients 
recovery from stroke, the method comprising photographing 
a patient who has had a stroke, wherein the photographs are 
taken of one or more areas of the patient’s skin covering an 
area of the body affected by the stroke while the patient is at 
rest and again while the patient is attempting to move the area 
of the body affected by the stroke, and subjecting the photo 
graphs to DISC analysis. 

16. The method of claim 15, wherein the one or more areas 
of the patient’s skin comprises skin of the face or neck. 

17. The method of claim 16, wherein the patient is 
instructed to perform one or more of the following move 
ments: moving the jaw, lips, or tongue; moving the eyes; or 
moving the forehead. 

18. The method of claim 15, wherein the DISC analysis is 
performed on two or more occasions in time in order to assess 
the patient’s ability to move the area of the body affected by 
the stroke. 

19. The method of claim 15, wherein the DISC analysis 
comprises quantifying the strength and/or qualifying the 
direction of the effect produced when the patient is perform 
ing an action relative to the patient at rest. 

20. The method of claim 15, wherein the DISC analysis 
comprises the step of examining one or more vector displace 
ment maps of skin pores. 
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