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Laser Doppler Imaging of Cutaneous Blood Flow
Through Transparent Face Masks: A Necessary
Preamble to Computer-Controlled Rapid Prototyping
Fabrication With Submillimeter Precision

Rebekah R Allelv, OTR/L.* Lan B, Van-Buendia, MSOTRAL,*
James C. Jeng, MD, TACS* Patricia YWhite, N, T Iingshu Wu, PhD, T
Jonathan Nisweeak, MSOTER /T, 3§ Mavion H. Jordan, MT2, FACS*

A paradigm shiflt in maageanent of posbarm fadal scarming is huking “just beneath the waves™
with the widespread availability of 1woe recent 1echmol agries: predse three-dimensional senming/
digitizing of vom plex surfaces and computer controlled rapid prototvping, three dimensional
“prioters”. Laser Doppler imaging may be the sensible method to track the scar hyperemia that
shonald Term the Basis ol assessings progoeess and directing inaranenial changes in the digitised
Lopographical e mask “prescrprion™. The purepsose ol this siudy was Lo establish Teasibility of
detecting perfnsion throuph tansparent face masks using the Laser Doppler Imaping scanner.
Laser Idoppler imapes of parfusion were obtained ac multiple facial regdons on five vninjured
staft members, Images were obtained without a mask, tollowed by images with a loose fitting
mask with and withead a silicone liner, and then with a tight Atting mask with and withent a
silicone liner. Right and Tefl oblique inages, in addition 1o the fromtal images, were 1sed 1o
oveprcane noobtainable measurements at the extremes of tace mask corvature, General lingsar
model, mized model, and #tests were used for data analysis, Theee hundred seventy-five mea-
sirements were nsed G analysis, with a mean perflision wmnt of 299 and pixel validity ol 97%.
The efiect of Nce mask presawre with and withont the silivme liner was readily quuantified with
significant changes in mean cotansons blood flow (17 < .3, High valid pixel race laser Doppler
mmager tlow data van be obtained throvgh vansparent face masks. Perfusion decreases with the
application ol pressire and wilh silicone. Bvery partidgpant mensured dillercmly it perhsdion
units; however, consistent pecfision patterns in the face were observed. {J Burn Care Res 2008;

20:42 48)

Managing burn [facial scars has long, been a challenge
in burn rehabilitadon as therapists suive o provide
their pagents with the best cosmetic and tncdonal
outenmes. Pressure applicadon for conuolling hyper
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wophic scar in tie burn fee is a widely accepued prac

tce. While therapists may select fom a vaviely ol ma

tedals to provide pressure therapy w the burn face,
st therapists opl w use a wansparent plasdc e
mask. !~ T7sing the transparent face mask has several
advantagey. Transparent face masks can have a posi-
uve psvchological ellect on the buen individual when
compared with fabric [ace masks.® Patents alsa
show improved compliance with the wansparent
face mask.? U'he use ol wanspareny face masks al

lows [or meare accuracy in determining mask 02
because therapists can directly observe the blanch-
ing ol burn scars,

A precise [itting, wansparent face mask is dependent
oI an accurate cast or face mold and the skills of an
experienced therapist., [n 1979, Rivers et al® st de
scribed the wansparent e mask labricaton process.
Tirst, a negatve impression of the face 1y taken with
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alginate dental impression material. Plasrer soips are
used wo Leinfioree the alginate. Next, g positive plaswer
casL is [ormed by powing plaster inke the nepative
impression. Onee ser, heated transparenr plastic ma-
werial is applied owver the plasier mold and conformed
by hand or vacwum. Finally, e mask is modilied 1
cnsure that pressore iz applicd cvenly to the scar. Ina
survey describing wanspaent fGee mask pracdees,
therapists reported this last step 1o be the most difli

enlraspect of making a transparent face mask.” Ther-
apists also reported that reasons odier than growih
[actored inte he need W recast the patent, The re

sults of thiz survey suggest the need for the develop-
mene ol technigques that provide a beoer Gy of wans

parent [ace masks.”

heginning in the mid 1990z, studies have emorged
describing new wansparcnt [ee mask Labcicadon
technigues using, computer aided desian and com
poter-aided mannfactoring (CAD/CAMIE asanal-
Lernadve wa the waditonal methed. ‘These new swelace
scanning Lechnoloples in e Gbidcation process are non
contact, which decreases paticnt discomfort, are less labor-
mntensive o the therapisy, and allow Lor the possibilivy
ol ealier mask Gbrication, In addidon, CAD ACAM
face molds can produce a betrer fiviing face mask than
the tradiional methad of mask Bbricadon.?

Despite the mask fabrication technique used, ad-
equate scal conuol is considered acceplable when
encuph pressure s applisd wa blanch hyperuaphic scar
without causing ischernia. These blanching areas ob-
sarved Uwrangh dhe mask can changs osrer time and will
require further modificaticons. I Laser Doppler imaging,
(LD can show measured perfuson through 4 tans-
parent plasic mateal and can be wsed in combination
with CADCAM face mask [brication technolagies,
our ability o wack soar hvpereamia and direc incremen-
tl changes in (e digitized vapographical bee mask pee
scription would become a realistic possibilive,

Laser Doppler flowmetry studies have examined
micrewascular changes in bun wounds'™ ¥ and
the ealy detectinn of hyperunphic buen scars 42
LDT has equipped burn surgeons with a noninva-
sive method oo assess buen depth and provide prog,
nosis of burn injuries with better precisiontt
With the capacity to monitor microvasewlar changes in
living tsswe while providing color eoded maps and
pixel by pixel perlusion, the LDI has the potendal
to become 4 useful tool in predicting scar develop-
ment il measured perlusion and scar severity can be
crrrelated. !

studies investgating the microvascular perfusion
changes with the applicadon ol a wansparen face
mask currendy do notexist, Therelore, the purpose
of this study was to establish feasibility of detecting
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pertuzion through rransparcnt face mask (with and
without pressure) using the LD scanner on the
uaburned lace.

METHODS

Lo the inerest ol feasibility, live uninjueed stlimem
bers wele selected 1o participate. They Included 1)
rwo Cancasfan women, 23 one Hispanic woman, 3
one Alrican American man, and 1) one Alvican
American wounan., The apes ranged Dom 28 1o 55
years and all were nonsmokers.

A practiioner Gom Hanger Proschetcs ad Ordot
ics, Inc. (Belhesda, MD 7 used 2 dwee dimensional me
ton nacking laser scanncer, [nsignia™ {Bethesda, MDY,
Lo caplwre cach partcipant's [cial image and uo allesy
[or praduction olcustomized plaster vermieulite molds.
‘I'herapists used Vivak™ rShefficld Plastics, Shefficld,
MAL 2 high temperatice wansparcnt copolymer ther
maplastic material, and Silon STS” {Binmed Sciences,
[nc., Allentown, PPAY (Vivak with an adhered silicone
consclnery v Gbricare tean ce masks [or cach par
tcipant with a vacuum [orming, apparatus. Therapists
fitted and moditicd rhe masks o allow for oral, nosmil,
and ocular apenings.

Laser Doppler images of Dlood perfusion were at-
tairted Do the Gces ol (Tve pardeipants with the laser
Doppler imaper LDI2 (Moor Inswruments, Wilming,
ton, DL, usings a hipgh frequency, infraved Laser bean.
The Tastcodnuens scan mode and e lacger squace
scarl aves were consistently set 1o caplwre the anlive
facial area and to alow for quicker seanning. Skin
surlace temiperatires Dom the fovchead, check, chin,
and nose were acquired belfore each scan. To take the
envirommenta temperature changes into consider-
adon, pardcipants were scanned on 3 days under Ove
dilfarentacmes: 1iwithouta mask; 23 with a Vivak [ace
ask, 1o pressure; 50 with a Sllon-5T5 face mask, no
pressuce; 4 willia Vival faee mask, with pressuee; and
51 with a Silon 8TS [ace mask, with pressure. Ligh
teen 8 ounce weights were applisd to nine points
surroubding cach face mask w provide consistency
amang the pardcipants {Tipuee 1

On the day of scanning, particdpants were piven a
minimum 5 minues ol rest Wme woacclimae w the
room lemperatire, Pardcipants were positoned in
supine and remained in thiy posidon in between all
scans. Bye protection approved by representaidves
fom Meor Instruments was in place,

I an eftort w capture data from the exwemes of
[aer mask curvaurs, wo pardcipants were selecud
[ar righit and leli oblique scanning, wials. Lateral neck
rotagon medsuraments were obtained for consistency
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Figure 1. Weights applied o face mask, rotaling 9 1bs. Eye
covers were in place for every scan

during the scans, Markers were placed to assore thata
complete scan was achicvied,

Data Analysis

Regions of interest for analysis were defined as the
forehead, nose, chin, and nghrand left cheeks of cach
participant. The Moor software provided the data in
perfusion units and percent pixel validity, Statistical
power and sample size were caleulared with nQuery
Advisor 6,01, by Sravistical Solutions { Cork, Treland),
SAS 9.1 software | SAS Institure, Cary, NC) was used

ournal of Burm Care 8 Hesearch
lnuary S Febrary 2008

to perform the ststc] procedures of general hinear
model, mixed model, and r rest. Significance was ac-
cepred at P 05,

RESULTS

In total, 375 measurcments were used, with a mean
perfusion unic of 29% and pixel validicy of 97%. The
highest mean perfusion unit was shown with the
free face scan. When a mask withour pressure was
applied, the mean perfusion unit decreases, How-
ever, when a mask with pressure was applied, there
wiis an even greater decrease in the mean perfusion
units. A downward trénd in mean perfusion units
wis noted when comparing the Vivak mask wirhout
and with pressure with the Silon-8TS mask without
and wich pressure, with the exception of the right
cheek, In all the scans, the forehead demonstrated
the least amount of blood perfusion and the nosc
showed the most. Figure 2 illustrates this relation-
ship between perfusion units, facial region, and
pressure.

The mean perfusion unit and percent pixel validicy
of a free face scan (Figure 3B) was compared with
masks without pressure (Figure 30, E). Stavstically
significant differences were found in perfusion units
(= 0001 )bur not found in percent pixel validity
(P=.12) (Table 1), When comparing the mean per-
Rasicn unit and percent pixel validity of Vivak and
Silon-STS masks without pressure (Figure 3C, E)

RELATIONSHIP OF PERFUSION UNITS (PU), FACIAL
REGIONS, AND PRESSURE

BFace Scan

GO0 Only
500 oVivak Mask,
Na Pressure
400
Mean Perfusion 300 OSilon-5T8
Units (PU Mask, No
} Prassure
200
pVivak Mask,
| With
L Prassure
0 B Silen-5TS
Forahasd NS Chin Right Chesk  Laft Cheak Mask, With
Pressure

Regions of Interest

Figure 2. The mean pertusion umits in relagon to the facial regions and the five ditferent arms.,
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Figure 3. Starting from top left. LDT images of (A) live video image; (B) Face scan only; () Vivak™ face mask, no pressure,
(1) Wik fice amask, with pressuie; (B Silon STS™ face mask, io prifcssnre; (F ) Silomn-5TS e mask, with pressore,

with Vivak and Silon-STS masks with pressure {Fig
ure 313, F), soansocally significant differences were
found for both mean perfusion units and percem
pixel validicy (=2 0035, = 002) {Table 2}, Non
significant differences were found in mean perfusion
(P = 57) and in percent pixel validiey (* = .07)
(Table 3} when the Vivak face mask was compared
with the Silon-5TS Ree mask without pressure (Fig

ure 3L, B} The Vivak mask was also compared wich
the Silon-STS mask with pressure (Figore 30, F}
Difterence inmean perfusion unit value was 13,5 wich
a nonsignificant Pyvalue of ,29

The extreme curvarure and laser deflectien could be
owvercome by two obligue views, The extremie edges of
Face masks had noovalid pixels {Figure 4), Overall, st

tistically significant differences were found inomean per
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Table 1. Free face vs masks without pressure

Maszk Witheut
Free Face Mressiire
Mean (5D Mean (5D} r
Mean pertusion a8 (152) 275 (98) <, (0]
st
Percent pixel 953010} P4.5(6.7) i b

validury

Fusion unit values of the Bve parnicipants at each facial
region (=2 0001) (Figure 5),

DISCUSSION

The standard treatment for scar control in healed fa-
cial burns s the application of pressure by means of an
elastic fabric mask, an clastic fabric mask with silicone
insert, or a transparent plastic face mask. Although
pressuce applicaton for conurolling hypertrophic scar
in the burn face 15 a widely accepred pracoce, much
remains o be understood regarding its efficacy. This
study showed that with use of the LI, perfusion
measurements were atrainable ar high percent pixel
validity through the mask (with and without pressure
applicapon) in five nenbum individuals, These find

ings implied that the LT3 can serve as a usetul tool in
evaluating perfusion in hypertrophic scar through
transparent face masks and in objecovely determining
the efficacy of pressure.

Chlinically, in nonburn or burn patients. we know
that as we see blanching of skin or scar from pressure,
it correlates with decreased blood flow, This study
was able to show that with pressure application, mea
sured perfusion units decreased. As expected, thesole
presence of the thermoplastic mask material also
demansrrated an etfect on the face scan as evidenr by
the decreased mean perfusion units with applicanon
of the masks without pressure compared with the free
tace scans. Masks withour pressure did not come in
tull contact to the parncipants’ faces. Clearly, blood
flow had not been affected and as a resulr, this could

Table 2. Masks with no pressure vs masks with pressure

Masks Withoue Masks With
Pressure Pressure

Mean (51 Mean (ST¥) P
Mean perfusion 272 |96 243 (901} iiF5
nis
Peteent |_:n|:-;|."| 5 | & 7i Qa7 (A o2

valiciey

Teonargal of Burny Care & Research
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Table 3. Vivak™ face mask vs Silon-8TSO face mask
[withour pressire |

si'lq l:n-ﬂ'[‘ﬂ I::n.h:
Vivak Face Mask Mask

Mean (513) Mean (S13) P
Mean pertusion 270195 26l (95} ¥
s
Percent pixel G376 G {5.40 Riv
vabiciey

not explaimn the change in measured perfusion. The
scans of the masks without pressure and the corre-
sponding images therefore served asa baseline o look
at the effect of pressure.

Previous studies indicate thar increased  levels of
blood flow exist in hypertrophic scars, ' *1% It is not
documented whether increased areas of blood Tow
are potential areas of hypertrophic scar develop
ment. In the present study, characeeristic perfusion
patterns were noted, despite the presence of the
Face mask ar pressure application. The central face,
particularly the nose and chin, consistently had
higher perfusion when compared with the fore
head, which alwayvs measured with rthe least amount
of perfusion. Monitoring blood How changes in

Figrare 4. Oblique imamng siew captunng a complere scan
of the face
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RELATIONSHIP OF PERFUSION UNITS,
REGION OF INTEREST, and PARTICIPANTS

600

500 @

4040

O Forehead

300

Mean Perfugion
Uit

200

100 4

B MNose

OChin

OR Cheek!

B Ll Cheak

PARTICIPANES

Figuire 5. Differénces in perfusion units amonyg the five participants across the fcial repions.

wounds with the LDI could identfy areas of po
tential hypertrophic scar development,'®

The resules also showed thar perfusion measure-
ments: significandy  differed berween participants,
Naturally, faces are inherently different by many fac-
tors. Further research is needed to determine how
Factors such as the variance in facial contours or in
pigmentation affect perfusion.

We found only one study {in our literature review
that looked at the consistency and amount of pressure
provided by a transparent face mask and compared it
with a Jobst hood {elasde fabric) and a Jobst hood
with silicone face pad, using the Tek-scan and Mar-
scan pressure measurement systems.! Straps of the
transparent face mask were tghtened to the padent’s
comifort and marked for consistemt placement. No
significant differences in pressure were observed be-
eween the Jobst hood with the silicone and the wans-
parent face mask for the selected facial regions, which
included the forehead, left and right cheeks, and chin,
[nreresting o note, the amount of pressure measured
for the tightened transparent face mask acrossall regions
vaned beraeen 10 and 25 mm Hg. In our clinical ob.
servation, we note that blanching areas of hypertophic
scar achieved on application of the wansparent face mask
are not ustally sustained ever time, possi bly due to facial
mevements while alking, changing facial expression,
eic. Using the LD to scan patients while also having a
means of measuring pressure (in millimeters of mer
cury) applicadon o the mask may enable therapists w
quantify the amount of pressure necessary o conwrol
hypertrophic scar formation.

I this study, masks with silicone consistently di
minish perfusion. Although this was not statisdcally
significant when comparing the Vivak mask with the

Silon-8TS mask, an apparent wend of overall de-
creased perfusion was noted. In 2002, Musgrave et
al'® used a laser Doppler o measure perfusion of
hypertrophic scar and adjacent normal skin with and
without application of silicone gel sheeting, Applica-
ton of the silicone gel sheeting did not significantly
alter perfusion in either the hvpertrophic scar or nor-
mal tissne from baseline measurements, nor was there
alteradon in flow or rebound phenomenon when the
silicone gel sheeving was removed, although surface
temperature was found o have significantly in-
creased. In our methods, we did not examine the
effects of silicone, but ow study, along with
Musgrave et al’s study, demonstrate the need to fur-
ther explore the mechanism of silicone gel sheenng
on scar and normal dssae,

Several limitations exist in this stody. First, our
Bndings were based on a small sample size and the
nonburn populaton, Studies on nonburned facesare
essential in hel ping us better understand the potental
uses of the LD before subjecting a burn patient o
the rigors of research wials, In future studies, scan-
ning burn patients with the LDI may verify whether
factors such as sex, race, facial contours, or mask fiv
comributed w individual perfusion differences. Sec-
ond, inherent calibration issues may exist between
individual LDT scanners. In our stady, we used con-
sistent setings during the scans, but if multcenter
stdy wials use the LI} in the furture, this issue needs
to be examined more closely. Third, we clearly see
that temperature would have an effect on LI perfu-
sion measurements, We chose 1o alleviate that prob
lem by grouping our data by regions of interestin our
analysis methods, for example, combining all right
cheek temperatures together. Owerall, this sindy
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scrves as a firscsrepin csmablishing rhe potental nze of
the L3 w examine the perlision pawerns in buen
individuals and Lo determine ellicacy ol burn reliabil
iration techniques.

Despite the technoelogical advaners made with face
mask [abrication Lechniques, Gcial burn scar manage
ment continues to presenta challenge becanse lirtle iz
known abouwl individual dillercnces in ypericophic
scar [ormatinn and e ellects ol pressuce application
over increments in blood perfision from prossre
troneh a wansparem fee mask. Perlision measure
ments were atainable duouah the masks al high pixel
validity. In the tfianwre, three-dimensional digiral scan-
ning ol Grial conuswes with use ol the LI perlusion
scan may prove Lo be valuable in the developmeant off
compnter-controlled rapid protoreping of fice masks.
"T'his news wechnology would allow [ mare exact preci
sion and elliciency in the Jace mask [Abrication process.

CONCLUSIONS

1.1 s teasible through ransparent face masks ar

Ligh pixel walidity.

o Skin perlusion decreases with the application ol
prossure.

* Measwed perfision decreases widh the additon
oigilicone to transparent face masks.

+ Characleristic perlusion patterns ave nowed pa
tcular o the lacial regions.

o Tacey are inherenty different, resaltng in vary-

ing indiwidusl peclusion measie s,
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