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Abstract
Background: Surgical rejuvenation alters facial volume distribution to achieve more youthful aesthetic contours. These changes are routinely compared
subjectively. The introduction of 3-dimensional (3D) stereophotogrammetry provides a novel method for measuring and comparing surgical results.
Objectives: We sought to quantify how specific facial areas are changed after rejuvenation surgery using the 3D camera.
Methods: Patients undergoing facial rejuvenation were imaged preoperatively and postoperatively with 3D stereophotogrammetry. Images were regis-
tered using facial surface landmarks unaltered by surgery. Colorimetric 3D analysis depicting postoperative volume changes was performed utilizing the 3D
imaging software and quantitative volume measurements were constructed.
Results: Nine patients who underwent combined facelift procedures and fat grafting were evaluated. Median time for postoperative imaging was
4.8 months. Positive changes in facial volume occurred in the forehead, temples, and cheeks (median changes, 0.9 mL ± 4.3 SD; 0.8 mL ± 0.47 SD; and
1.4 mL ± 1.6 SD, respectively). Negative changes in volume occurred in the nasolabial folds, marionette basins, and neck/submental regions (median
changes, −1.0 mL ± 0.37 SD; −0.4 mL ± 0.9 SD; and −2.0 mL ± 4.3 SD, respectively).
Conclusions: The technique of 3D stereophotogrammetry provides a tool for quantifying facial volume distribution after rejuvenation procedures.
Areas of consistent volume increase include the forehead, temples, and cheeks; areas of negative volume change occur in the nasolabial folds, marionette
basins, and submental/chin regions. This technology may be utilized to better understand the dynamic changes that occur with facial rejuvenation and
quantify longevity of various rejuvenation techniques.

Level of Evidence: 4

DiagnosticAccepted for publication October 14, 2015; online publish-ahead-of-print November 30, 2015.

Facial aging involves a progressive redistribution of facial
volume resulting from atrophy and deflation of the midface
with inferior descent of soft tissue.1,2 The process distorts
the primary arcs of the young face and creates the inverted
heart shape characteristic of aging.3,4 These morphologic
changes have been objectively characterized by volume
analysis studies with magnetic resonance imaging (MRI)
and computed tomography (CT) imaging,2,4 which has en-
hanced understanding of how to achieve more youthful
contours with rejuvenation surgery (ie, lifting facial tissue
and restoring volume).5 However, despite the dependence
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of volume restoration on the success of rejuvenation proce-
dures, the assessment of facial aesthetic outcomes after
surgery remains largely a subjective observation.

The introduction of 3-dimensional (3D) stereophotogram-
metry creates a practical method for objectively comparing
surgical results and determining longevity of procedures after
rejuvenation surgery.6,7 The terminology for this technology
is derived from the terms photogrammetry, which is the
science of making reliable measurements from photographs,
and stereo, which refers to the use of two or more cameras
configured for simultaneous image capture to create 3D coor-
dinates. Thus, the 3D stereophotogrammetry system uses
data from multiple digital cameras that simultaneously
capture an image of the same object from different angles.
The image is calculated from a collection of points obtained
along an x, y, and z coordinate system. The data, besides ren-
dering a 3D image, is easily obtained and included software
can be utilized to perform anthropometric analysis of facial
soft tissue landmarks with a reliability of <1 mm.8-13 For this
reason, this stereophotogrammetry has been rapidly em-
ployed in evaluating preoperative and postoperative changes
in frontal soft tissue in the fields of dentistry, orthognathics,
and cranio-maxillo-facial surgery.10,14

For cosmetic purposes, 3D cameras are commonly used for
visual communication with patients by simulating projected
postoperative changes or demonstrating 3D augmentation.
However, realizing additional clinical utility of this technology
in facial plastic surgery is an active source of investigation.
Since 2009, we have utilized a 3D camera system to take pre-
operative and postoperative 3D images of facial rejuvenation
patients. For the current study, we sought to evaluate the
Vectra 3D camera (Canfield, Fairfield, NJ) system’s utility
for classifying change in facial volume and describe the
redistribution of volumes after facial rejuvenation surgery.
Furthermore, we aimed to develop a useful, clinical protocol
for reproducibly assessing volume changes in the face over
time.

METHODS

Patient Population

After obtaining IRB approval (Sharp Memorial Hospital,
San Diego, CA), the first 9 patients imaged in our practice
with preoperative and postoperative 3D pictures who un-
derwent facial rejuvenation were included for study.
Patients featured in the figures provided consent to allow
their photos to be used. Imaging and procedures were per-
formed between December 2011 and June 2012. Facial reju-
venation included face and necklift with facial fat grafting.
No patients underwent repeated interventions, including
revisions or additional injectables (ie, fillers or fat grafting)
between surgery and analysis for this study.

Surgical Technique

Surgical facial rejuvenation (eg, facelift and necklift) was
performed under general anesthesia. After induction of
anesthesia, patients were infused with a saline; 0.25%
Marcaine with 1:200,000 epinephrine tumescent solution.
Skin flaps were raised via pre-auricular and post-auricular
incisions. The superficial muscular aponeurotic system
(SMAS) was addressed on an individual basis utilizing
SMAS flaps, SMASectomy, or SMAS plication as necessary.
When SMAS flaps are performed, a SMAS pennant was re-
positioned behind the ear in a posterior-superior vector.
Neck rejuvenation consisted of an open approach including
a submental incision, direct lipectomy, and corset platys-
moplasty; all patients in the study were treated in this
fashion. Excess skin was removed and skin incisions were
repositioned without tension and surgical closure was per-
formed. A single drain placed intraoperatively in the sub-
mental region was used for 1 day to collect any drainage or
residual tumescent fluid. Patients underwent additional re-
juvenation procedures (eg, blepharoplasty, browlift, etc.)
based on individual need. The first 2 patients in the study
underwent browlifting; the remainder did not.

Fat Grafting Technique

The facelift incision was utilized, when possible, or stab in-
cisions were made with an 18-gauge needle at sites that pro-
vided easy access to areas requiring fat grafting. Fat was
harvested using a 3.7 mm cannula attached to a 60 mL
Toomey syringe (Bard Medical, Covington, GA) and grafted
throughout the face, but primarily in key areas such as the
temporal region, lateral eyebrows, malar regions, upper
and lower eyelids, the nasolabial folds, marionette basins,
labiomental grooves, pre-jowl regions, lips, buccal fat pads,
and at the mandibular border. Fat was placed in the earlobes
when indicated and used as a thin layer in the subcutaneous
tissues around the lips and in areas of acne scars, if present.
Fat injections were performed using a blunt cannula in small
threads or microdroplets deposited in a retrograde fashion.
Detailed location and amount of fat injected was recorded in
the operating room for each patient. The range of total amount
of fat grafted was between 10 to 70 mL in the face (mean,
36 mL±19 SD). The volume varied depending on individual
need. We injected approximately 2 to 5 mL of fat in each tem-
poralis region, 1 to 3 mL in each glabellar region, 3 to 7 mL in
each buccal region, 1 to 3 mL in each nasolabial fold, 2 to
10 mL in the perioral region, and 1 to 3 in each supramental
crease, as needed. We estimate approximately 50 to 80% of fat
is retained and the remainder is resorbed due to non-viability.

If cell-enriched fat grafting was planned, the fat was har-
vested prior to the surgical facelift. A minimum of 200 mL
of lipoaspirate was obtained and inserted into the Celution
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(Cytori, San Diego, CA) device (not FDA approved) to
obtain stromal vascular fraction cells. The process takes
approximately 90 minutes. During processing for stromal
vascular fraction, the facelift is performed.

Image Analysis

Patients were imaged with the Vectra 3D Face and Body
System for image capture and analysis. The system consists
of 4 geometric and 2 texture cameras positioned with the
subject in a triangulated configuration. Each image is com-
posed of high-resolution 3D surface geometry (x, y, z coor-
dinates), color, and texture. Image analysis to construct
postoperative volume changes was performed utilizing the
included Mirror 3D (Canfield) imaging software. Two raters
trained in direct anthropometric techniques performed the
analysis ( JB, BM). The included software package provides
a grid to orientate patient landmarks.

All images were first prepared by deleting any imaging
below the base of the neck using the selection tool. Each pre-
operative image was registered to the software grid system
manually by aligning the vertical vector in the midline of the
face, and the horizontal grid placed at the Frankfort horizontal
line. Both face forward and lateral views were utilized during

this process. The image was saved as the “registered preopera-
tive” picture. The postoperative picture was then registered to
the “registered preoperative” image using a 2-step process.
First, the postoperative imagewas aligned manually for a “best
fit” relative to the preoperative image. Then, a split-screen
view was utilized to place common surface landmarks on
each image. The postoperative image was then registered to
the preoperative image by creating accommodation vectors at
the named surface landmarks. Seven landmarks unaltered by
surgery were chosen on each image for this registration
process including bilateral lacrimal caruncle, the inferior at-
tachment of bilateral nasal alar bases, the base of the columel-
la, and the bilateral intertragal notch of ears (Figure 1). The
landmarks provide the software a starting point for registration
of the preoperative to postoperative images. The chosen land-
marks were least likely to move during the rejuvenation
process (ie, medial lacrimal caruncle). These landmarks initial-
ize the orientation of the superimposed images. The software
then takes the 3D images and automatically registers them to
each other, aligning as many areas of similarity as possible
(Figure 2). After registration, colorimetric analysis was per-
formed depicting relative distance from postoperative to preop-
erative image after registration (Figures 3 and 4). Areas of
green indicate areas of no change from preoperative to

Figure 1. (A) Preoperative and (B) 8 month postoperative 3D images of a 66-year-old woman who underwent facial rejuvenation.
The image registration process was based on surface landmarks unaltered by surgery. For each patient, 7 landmarks were used
(bilateral lacrimal caruncles, the inferior attachment of each nasal ala, the base of the columella, and bilateral intertragal notches).
The postoperative image was then registered to the preoperative image based on these landmarks. The image features the patient’s
left face. The same patient is featured in the color map in Figure 3 with her front and right sides shown.
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postoperative image; whereas areas in blue indicate relative
volume gain and areas in red indicate relative volume loss in
the postoperative image compared to the preoperative image.
Quantitative volume measurements were constructed at the
color-changed areas by way of two different protocols.

Volume Analysis
Protocol 1: Facial Zone Analysis
In order to evaluate the volume shift after facial rejuvena-
tion surgery, volume change was analyzed according to
designated facial zones: neck, lower face, and midface.
This required a 2-step process. First, a colorimetric map de-
picting distance from the registered preoperative and post-
operative image was made, as described above, and each
blue or red color-changed area was isolated using the selec-
tion tool (Figure 3). A separate volume measurement was
constructed at each isolated area. Next, the face was
divided into the designated facial zones and a net volume
change was calculated within each respective zone by
adding all the identified volume changes. The face was
divided into zones with the midface including the zygoma,
upper buccal region, and temporalis; this represented the

area most positively affected by the rejuvenation proce-
dures. The lower face included the jowls, perioral region,
nasolabial folds, and deflated lower buccal fat pads. All
images for analysis were captured in 3D. The transverse
plane was drawn on the 3D image as it was rotated on the
computer monitor.

Protocol 2: Isolated Analysis of Treated Areas
In order to examine how specific areas of the face may
change with treatment, volume change was specifically as-
sessed at bilateral cheeks, bilateral nasolabial folds, and
forehead for each patient. For this process, the selection
tool was used to isolate each aforementioned anatomic area
on the registered preoperative and postoperative image.
A volume measurement depicting the distance from postop-
erative to preoperative image was calculated for each ana-
tomic site. A unique template was drawn out for each zone
separately on every preoperative patient image. The same
template was superimposed onto the postoperative image
and the volume difference calculated. This was done to
limit individual measurement variability.

Statistical Analysis

The primary outcome of interest was volume change in
each facial zone in postoperative image relative to preopera-
tive image. Statistical comparisons were made between the
right and left midfacial zones. A t test was used for compar-
ison of the means. Cohen’s kappa statistic measured the
level of agreement in each patient. To accomplish this com-
parison, the volume difference was assigned a “0” if the
amount of change varied by more than 1 mL, and assigned
a “1” if the volume changed varied by less than 1 mL. All
reported P-values were 2-sided, with values of P of < .05
considered statistically significant. Statistical analyses were
performed using SPSS (version 20; Chicago, IL).

RESULTS

Patient Population

Of the 9 patients, all underwent face and necklift. All pa-
tients were female ranging from 47 to 66 years of age
(mean, 60 years± 6.7 SD). The median follow-up for post-
operative pictures was 4.8 months (mean, 6.4 months±
4.7 SD; range, 1.1-12.4 months). Patients with greater
degrees of ptosis and deflation achieved greater amounts of
positive change compared to patients with less facial aging.
Some patients had net negative volume changes.

Changes in Facial Volume: Protocol 1
(Facial Zone Analysis)

Table 1 describes volume changes according to 3 facial
zones. The midface demonstrated a positive change in

Figure 2. Superimposed registered preoperative and 6 month
postoperative 3D images of a 47-year-old woman who under-
went facial rejuvenation. The lighter brown colored areas
(upper face, zygomas, and lateral face) represent postoperative
areas of volume gain and repositioning. The darker colored
areas (lower face, nasolabial folds, and neck) represent preop-
erative areas of volume decent.
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Figure 3. (A) Frontal and (B) right face three-quarters views of 3D colorimetric analysis of a 66-year-old woman (the same patient
as in Figure 1) depicting areas of volume change at 8 months postoperatively. Increasing depth of blue color represents gain of
volume while increasing depth of red color indicates loss of volume relative to preoperative photo. Areas of green represent no
volume change and this serves as one measure of registration adequacy. This patient lost volume around her nasolabial folds
and neck and gained volume around the anterior cheeks and temples. Additional postoperative images for comparison were
unavailable.

Figure 4. (A) Left lateral view and (B) right lateral view color maps of the registered preoperative and 6 month postoperative
profile images of a 58-year-old woman who underwent facial rejuvenation. The different shades of green represent relative volume
loss and gain. There was a net volume loss in the neck region (−8.9 mL).
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volume (mean, 2.97 mL for the right; mean, 2.78 mL for the
left). No statistical difference existed between changes in
volume of the right and left midface (P=0.85). A level of
agreement for the right and left sides of each patient’s face
was calculated with a Cohen’s kappa statistic. This test found
no correlation between the amount of change between one
side and the other (Κ<0, P=0.15); these results represent
the inherent asymmetry of the face and the different degree
of augmentation that occurs during the rejuvenation process.
The lower face and neck showed a loss of volume for the
postoperative picture vs the preoperative one (−5.73 mL and
−4.75 mL, respectively) (Figure 4). Two patients underwent
browlift. Measurements of the upper face found a small
positive change in overall volume. This finding is likely
due to the tissues being repositioned higher into the same
facial compartments (ie, lower forehead to upper forehead)
and did not fully represent the degree of change that
occurred.

Changes in Facial Volume: Protocol 2
(Isolated Analysis of Treated Areas)

Positive changes in facial volume occurred in the forehead,
temples and cheeks (median changes, 0.9 mL; 0.8 mL; and
1.4 mL, respectively). Negative volume changes occurred
in the nasolabial folds, marionette basins, and neck/sub-
mental regions (median changes, −1.0 mL; −0.4 mL; and
−2.0 mL, respectively).

DISCUSSION

Facial aging is a process of soft-tissue descent and deflation
from the upper-to-mid and mid-to-lower-faces. The aim of

facial rejuvenation is to lift tissues and restore volume.
Defining these changes quantitatively allows for more ob-
jective assessment of postoperative outcomes. This study
presents a method for objectively classifying these changes
in volume distribution after aesthetic recontouring.

In this report, we described two protocols for measuring
volume change in the rejuvenated face. Our first protocol
divided the face into 3 zones in order to more broadly
assess volume redistribution across the entire face (ie,
neck, lower face, and midface). The other protocol evaluat-
ed volume change in specific areas of the face, including
the bilateral cheeks, bilateral nasolabial folds, and fore-
head. Both protocols demonstrated a trend in volume gain
in the upper and middle face with a loss of volume in the
lower face and neck. This is a reversal of the aging process
where the midface hollows and skin and soft tissue sags
into the lower face and jowl area.1,3

Interestingly, when considering specific areas of the face
with protocol 1, we observed only modest volume changes
in any particular area. The greatest volume gain was in the
cheeks; however, even this gain was small (1.4 mL). While
this volume change may seem mild, similar volumes are
observed in quantitative studies of the aging face. For
example, based on MRI data, the most dramatic changes in
soft tissue volume between age groups (young, middle-
aged, and old) occurred in the cheek area, but that differ-
ence was only around 2.2 mm.4 Thus, small volume shifts
in the face may represent a larger clinical significance. We
also observed differences between the right and left sides
of the same individual’s face. This results from a number of
inherent factors.15 Namely, the face is not a symmetric
structure and most patients generally have a long-narrow
side and short-wide side,16 which are preserved even after

Table 1. Patient Characteristics and Volume Changes According to Facial Zones

Patient Age (years) BMI Fat injected
(mL)

Lipocrit Left midface Right midface Midface total Lower face Neck

1 64 23 32 28.8 2.79 0.8 3.59 −5.93 −3.01

2 65 18.5 20 18 3.09 4.4 7.49 −6.348 −2.79

3 60 25.8 35 31.5 5.26 6.328 11.588 −11.7 −6.63

4 62 21.8 60 54 0.33 2 2.33 −0.13 −1.16

5 66 22.3 10 9 0.14 3.7 3.84 −0.2 −2.98

6 47 21.5 70 63 6.9 0.241 7.141 −19.9 −11.22

7 66 28.8 20 18 1.58 3.96 5.54 0.116 −3.477

8 52 17.9 42 37.8 3.8 3 6.8 −5.848 −2.6

9 58 19.8 40 36 1.106 2.309 3.415 −1.6 −8.9

Mean ± SD 60 ± 7 22 ± 3 36 ± 19 32 ± 17 2.7 ± 2.3 2.9 ± 1.9 5.7 ± 2.9 −5.7 ± 6.6 −4.7 ± 3.4

BMI, body mass index.
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facial rejuvenation. The face also undergoes asymmetric
aging as the left face generally receives more sun damage
while driving. Additional documented factors that contrib-
ute to asymmetric rejuvenation include the handedness of
the surgeon and the laterality order in which the proce-
dures are performed. We believe all of these factors contrib-
ute to the difference we obtained. Changes in volume
occurred collectively from both lifting and filling; the mea-
sured volumes in this study could not differentiate between
the two.

The median follow-up time for this study was 4.8
months (mean, 6.4 months± 4.7 SD). This follow-up dura-
tion time allows us to quantify facial volumes and define
the changes of the face in its rejuvenated state after the ma-
jority of edema has resolved. After longer periods of time
(eg, 1 year), a certain degree of recurrent ptosis is frequent-
ly observed and longer-term results may misrepresent the
face in its newly rejuvenated state. A collection of longitudi-
nal serial images assessing incremental changes over time
would help define the longevity of the procedures.

When the volume change was measured according to
the facial zones as in protocol 2, we found a net-negative
change in volume from the neck and lower face (−4 mL
and −5 mL, respectively) and a net volume gain in the
midface (+5 mL). While the location of volume shift that
we observed in our study may be intuitive, classifying these
findings numerically can be used to follow surgical
changes in an individual patient over time and to objective-
ly catalog the longevity of the facelift procedure and quanti-
fy fat graft retention. Previous estimates using Global
Aesthetic Improvement Scores defined the longevity of
surgical correction of the face at 5.5 years.17 However,
these estimates indicated a differential aging by facial
region, with the neck recurring quicker than the jowls,
nasolabial, and marionette areas.17 This difference in recur-
rence makes observer objectivity less reliable by specific
region, as the overall appearance of aging can be underesti-
mated when they are seen in comparison to variable aged ad-
jacent areas. Alternatively, 3D photographic measurements
reduce the limitation of subjective measurements and sub-
conscious relative comparisons, and provide more credibility
to single observer judgments. It must be emphasized, these
numbers are not compared to each other, as each patient will
undergo various amounts of facial change depending on
their individual need. The values can be used to follow the
longevity of rejuvenation. Augmentation can vary depending
on various factors, including patient anatomical factors,
degree of facial ptosis, amount of soft tissue augmentation,
and amount of retention. Patients receive correction based
on their individual needs. This data begins to provide the in-
formation needed to support the stereophotogrammetry-
based optical profilers to provide acceptable surface quality
and image overlays suitable for measurement and visual in-
spection to which others can compare.18

The image registration process is important to under-
stand when analyzing changes between preoperative and
postoperative images utilizing 3D software. During this pro-
gression, the two images are superimposed and then the
differences between them are visualized by a color scale, or
distance map (Figures 2 and 3). It is imperative that this
process be highly accurate, as any differences between the
photos can be a result of inherent error in the registration
technique or as a result of actual change related to surgical
treatment. While several studies have examined various 3D
digital photogrammetry systems with respect to linear
metric abilities,8-11,19 few studies address the precision and
error of the registration process. Maal et al determined
surface-based registration is the most accurate method to
compare 3D photographs of the same individual at different
times and that performing the registration procedure with
the preprocessed photographs, the registration error de-
creases.14 If these two things are done, the registration
error is less than 0.3 to 0.4 mm.14 However, it is important
to understand the limitations of the registration process
when analyzing study data. Accuracy determinations are
dependent on assurances of the industry and software de-
velopers and included measuring tools.18 Future studies to
test precision may include correlation with MRI, CT, cone
beam CT, and laser surface scanning. Their accuracy may
be more accurate, however this has not been clearly eluci-
dated in the literature.20 In all, we did not find the measur-
ing tools to be user-friendly and it was difficult to obtain
consistent, reproducible results. After extensive multi-rater
evaluations we feel confident with our obtained values.
However, this tool’s volume measurement use for routine
clinical practice in its current generation is very time con-
suming. Therefore, it is currently used primarily in our
practice for research purposes. The 3D camera is a signifi-
cant investment and may not be cost-effective for many
practices. Image capture and retrieval is straight forward,
however manipulation, volume measurement, and analysis
is time consuming and not user friendly enough for accu-
rate, routine comparisons of small volume changes. With
future generations, our hope is that this camera can
become an increasingly valuable tool for clinical and re-
search purposes.

For this study, resident physicians learned the computer’s
software by reviewing the included instruction manuals and
completing telephone-training sessions by company repre-
sentatives and software developers to create standardized
protocols for conventional clinical purposes. Even with this
training, the professional grade software is not intuitive to an
average computer user. Additionally, the camera comes with
multiple redundant functions, which are difficult to under-
stand and time consuming to master for consistent, efficient
use. However, over time, we achieved good registration for
most patients with a systematic approach. First, all images
were processed by removing hair and any data below the
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clavicle that would interfere with registration. Next, the pre-
operative image was registered to the surface grid. The post-
operative image was then manually aligned to the registered
preoperative image. The postoperative photo was then regis-
tered to the preoperative image according to the correspond-
ing landmarks. This process worked for most patients,
however there were instances where alternate landmarks
were needed depending on specific surgical intervention (ie,
blepharoplasty or rhinoplasty). In these cases, a combination
of landmark and manual registration was performed. On
average, it took approximately 1 hour to achieve good regis-
tration and classify each patient according to each volume
calculation protocol, which may limit applicability for
routine clinical use.

CONCLUSIONS

Positive and negative volume distribution changes occur
after facial rejuvenation surgery which can be quantified
using 3D imaging technology. The differences in volume
distribution include an average net volume loss in the neck
and lower face (−4 mL and −5 mL, respectively) and a net
volume gain in the midface (+5 mL). These changes
appear to be due to a combination of fat redistribution as
the underlying SMAS and subcutaneous tissues are shifted
much as tectonic plates along with the addition of grafted
fat. We present a protocol using the included Vectra Mirror
software that offers an approach for classifying changes
after facial rejuvenation. These quantitative measurement
techniques using the 3D camera require experience with
imaging software and dedicated training as the software is
not intuitive for the average computer user. Even after de-
veloping fluency with the software, the measurement tech-
niques are still time consuming and it can be difficult to
obtain reproducible results. Our hope is that future soft-
ware generations will become more efficient and user
friendly. At current, we find the 3D camera’s utility for
measuring volume change to be a difficult tool to easily in-
corporate into a busy clinical practice. However, despite
these limitations, this technology still offers a unique tool
for visual patient communication and has promising re-
search potential for noninvasively collecting and compar-
ing volumetric measurements.

Disclosures
Dr Cohen is a consultant for Cytori Therapeutics (San Diego,
CA), Puregraft (Solana Beach, CA) and Solta Medical (Valeant)
(Hayward, CA). The other authors declared no potential con-
flicts of interest with respect to the research, authorship, and
publication of this article.

Funding
The authors received no financial support for the research,
authorship, and publication of this article.

REFERENCES
1. Friedman O. Changes associated with the aging face.

Facial Plast Surg Clin North Am. 2005;13(3):371-380.
2. Gosain AK, Klein MH, Sudhakar PV, Prost RW. A volumet-

ric analysis of soft-tissue changes in the aging midface
using high-resolution MRI: implications for facial rejuvena-
tion. Plast Reconstr Surg. 2005;115(4):1143-1152. discus-
sion 1153–1155.

3. Donofrio LM. Fat distribution: a morphologic study of the
aging face. Dermatol Surg. 2000;26(12):1107-1112.

4. Wysong A, Joseph T, Kim D, Tang JY, Gladstone HB.
Quantifying soft tissue loss in facial aging: a study in women
using magnetic resonance imaging. Dermatol Surg. 2013;39
(12):1895-1902.

5. Lambros V. Models of facial aging and implications for treat-
ment. Clin Plast Surg. 2008;35(3):319-327. discussion 317.

6. Donath AS, Glasgold RA, Meier J, Glasgold MJ. Quantitative
evaluation of volume augmentation in the tear trough with
a hyaluronic Acid-based filler: a three-dimensional analysis.
Plast Reconstr Surg. 2010;125(5):1515-1522.

7. Meier JD, Glasgold RA, Glasgold MJ. 3D photography in
the objective analysis of volume augmentation including
fat augmentation and dermal fillers. Facial Plast Surg Clin
North Am. 2011;19(4):725-735, ix.

8. Ghoddousi H, Edler R, Haers P, Wertheim D, Greenhill D.
Comparison of three methods of facial measurement. Int
J Oral Maxillofac Surg. 2007;36(3):250-258.

9. de Menezes M, Rosati R, Ferrario VF, Sforza C. Accuracy
and reproducibility of a 3-dimensional stereophotogram-
metric imaging system. J Oral Maxillofac Surg. 2010;68
(9):2129-2135.

10. Choi JW, Lee JY, Oh TS, Kwon SM, Yang SJ, Koh KS.
Frontal soft tissue analysis using a 3 dimensional camera
following two-jaw rotational orthognathic surgery in
skeletal class III patients. J Craniomaxillofac Surg. 2014;
42(3):220-226.

11. Baik HS, Lee HJ, Lee KJ. A proposal for soft tissue
landmarks for craniofacial analysis using 3-dimensional
laser scan imaging.World J Orthod. 2006;7(1):7-14.

12. Jacobs RA; Plastic Surgery Educational Foundation
DATA Committee. Three-dimensional photography. Plast
Reconstr Surg. 2001;107(1):276-277.

13. Ras F, Habets LL, van Ginkel FC, Prahl-Andersen B.
J Dent. 1996;24(5):369-374.

14. Maal TJ, van Loon B, Plooij JM, et al. Registration of
3-dimensional facial photographs for clinical use. J Oral
Maxillofac Surg. 2010;68(10):2391-2401.

15. Rohrich RJ, Ghavami A, Constantine FC, Unger J,
Mojallal A. Lift-and-fill face lift: integrating the fat com-
partments. Plast Reconstr Surg. 2014;133(6):756e-767e.

16. Rohrich RJ, Ghavami A, Lemmon JA, Brown SA. The in-
dividualized component face lift: developing a systematic

386 Aesthetic Surgery Journal 36(4)

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/article/36/4/379/2613924 by guest on 16 M

ay 2023



approach to facial rejuvenation. Plast Reconstr Surg.
2009;123(3):1050-1063.

17. Jones BM, Lo SJ. How long does a face lift last?
Objective and subjective measurements over a 5-year
period. Plast Reconstr Surg. 2012;130(6):1317-1327.

18. Goldman MP, Skover GR, Payonk GS. Three-dimensional
imaging techniques in the assessment of facial volume
augmentation. J Drugs Dermatol. 2009;8(12):1113-1119.

19. Littlefield TR, Kelly KM, Cherney JC, Beals SP, Pomatto
JK. Development of a new three-dimensional cranial
imaging system. J Craniofac Surg. 2004;15(1):175-181.

20. Kuijpers MA, Chiu YT, Nada RM, Carels CE, Fudalej PS.
Three-dimensional imaging methods for quantitative
analysis of facial soft tissues and skeletal morphology
in patients with orofacial clefts: a systematic review. PLoS
One. 2014;9(4):e93442.

Mailey et al 387

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/article/36/4/379/2613924 by guest on 16 M

ay 2023



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


