168

Lymphology 44 (2011) 168-177

CHANGES IN TISSUE WATER AND INDENTATION RESISTANCE
OF LYMPHEDEMATOUS LIMBS ACCOMPANYING

LOW LEVEL LASER THERAPY (LLLT) OF FIBROTIC SKIN

H.N. Mayrovitz, S. Davey

College of Medical Sciences (HNM), Nova Southeastern University, Ft. Lauderdale, and Healing
Hands of Lymphatics Plus (SD), Hallandale Beach, Florida USA

ABSTRACT

Our goal was to determine effects of low-
level-laser-therapy (LLLT) on skin water and
tissue indentation resistance (TIR) in patients
with arm (N=38) or leg (N=38) lymphedema.
Skin water was determined from tissue
dielectric constant (TDC) measurements and
TIR determined from measurements of force
resulting from tissue indentations of 3-4 mm.
A limb-location with fibrosis was identified by
palpation and treated with an LLLT device for
one minute at each of five points within a 3
cm? area. TDC and TIR at these sites and
corresponding sites on the contralateral limb
were measured prior to LLLT (pre-LLLT),
immediately after LLLT (post-LLLT) and after
a manual lymphatic drainage (MLD) session
(post-MLD). Results, from arms and legs,
showed that post-LLLT values of TIR and
TDC were significantly less than pre-LLLT.
TIR values remained significantly reduced at
post-MLD whereas TDC values were not
significantly different from pre-LLLT values.
On follow-up visit, 17 previously LLLT treated
legs were sham treated with an inactive LLLT
unit and measurements replicated. A TIR
and TDC change-pattern similar to that
obtained with the active LLLT was obtained,
but sham-related reductions in TIR and TDC
immediately post sham-treatment were
significantly less than achieved with the prior
active LLLT treatment.
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One complication of lymphedema is the
development of fibrosis in which the skin
and underlying tissues of lymphedematous
regions become hardened. A consequence
of this form of fibrosis is that it makes
treating the underlying lymphedema much
more difficult since the fibrosis is thought to
interefere by encapsulating fluid and
reducing the efficiency of manual lymphatic
drainage therapy (MLD) to remove excess
fluid. A few reports have suggested that low
level laser therapy (LLLT) when used to treat
the axillary region may act to ‘break-up’
fibrosis and otherwise soften fibrotic regions
of tissue remote to the site of treatment.
Rufina and colleagues (1) reported that LLLT
applied to the axillary region for four weeks
was associated with up to a 33% increase in
softness of forearm tissue when measured
four weeks after the final treatment. Earlier
reports (2) indicated a forearm softness
increase of about 20% after 10 weeks of LLLT
directed at the axillary region but a regression
in this softening was observed when assessed
subsequently (3). Contrastingly, hardening of
the affected arm was reported during and
immediately after LLLT treatment whereas a
softening trend was stated to emerge three
months after treatment had ended (4). The
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TABLE 1
Demographic Summary
Arm Lymphedema Leg Lymphedema
N (Total) 38 38
N (Female) 38 19
Age (Years) 69.7 £ 15.0 69.1 = 14.7
Height (in) 62.6 + 3.1 65.5 4.1
Weight (Ibs) 165 = 37 220 =73
BMI (Kg/m?) 29.7 + 6.7 36.0 = 10.6
Lymphedema
Duration (Months) 33.4 £ 40.6 36.0 £ 142.9
Entries are mean + SD.

reports describing tissue hardness changes
with LLLT generally also indicate reductions
in arm edema volume (1,2,4). Other studies
using LLLT, but not measuring its possible
effect on tissue hardness, have also reported
reductions in arm edema volume (5-7). The
LLLT mechanisms that might be involved in
either reducing tissue hardness or edema
volume are speculative in that at present they
need to be derived from isolated studies of
LLLT effects on experimental animals that
have demonstrated mainly anti-edema (8-11)
and some tissue matrix changes (12-14).
None-the-less, LLLT devices are being used
clinically for treating lymphedema so there is
a need to better characterize potential aspects
of such therapy. Because there is very little
known about the effects of LLLT on the
directly treated tissue the present study was
undertaken to quantitatively characterize the
acute effects of a single laser treatment of
LLLT when applied directly to lymphedema-
tous limbs at sites designated as having
clinical fibrosis.

METHODS
Subjects

Subjects (N=76) were persons who had
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been referred to the clinic for treatment of
their lymphedema (arms or legs) and who
had some amount of clinically identifiable
fibrosis as judged by palpation. Prior to
participating in the research component of
this study, the study was explained to each
subject and they signed an institutional
review board approved informed consent.
Ultimately included in the active laser
treatment part of the study were 38 women
with arm lymphedema subsequent to breast
cancer related treatment and 38 subjects (19
male and 19 female) with leg lymphedema
secondary to venous insufficiency, gyneco-
logical surgery, prostrate surgery, or other
conditions. Demographic and other features
of this study group are summarized in
Table 1. In addition, 17 subjects with leg
involvement were re-evaluated one week
after their active LLLT treatment during an
MLD session in which the same research
protocol was done except that the laser was
not activated; this is termed the sham LLLT
treatment. For this subset of subjects, effects
of the active LLLT treatment were compared
to those of sham treatment.

Measurements

All quantitative measurements were

Reproduction not permitted without permission of Journal LYMPHOLOGY.



170

Five LLLT
Treatment

~Control Site

5 treatment
sites marked
with template

Fig. 1. Target site location and marking. A. Five LLLT treatment sites marked on an affected arm. B. Five treatment
sites marked on an affected leg. All target sites marked with the template shown in B. Template has dimensions as
shown in A. Control limb measurements made at the control site at a corresponding anatomical location.

made on the affected and contralateral
limbs with the subject in a supine position on
a padded examination table.

Limb Girth

Prior to the subject’s scheduled MLD
session done according to the Vodder method
(15), the affected limb was visually examined
and palpated to determine a region in which
significant fibrosis was present. At the
approximate center of this region a template
was used to mark a center point and also
mark four circumferential points located 1.1
cm from the center as shown in Fig. 1 as done
on an arm (A) and on a leg (B). The approxi-
mate area of the target treatment area was
3.8 cm?. The girths of the limbs (both affected
and control limbs) were measured around
the marked center point using a Gulick-type
tape measure pulled to a constant tension as
illustrated in Fig. 2-A.

Tissue Dielectric Constant (TDC)

After the girth measurements, the tissue
dielectric constant (TDC) of the skin and
underlying tissue at the center region of the
target site and its contralateral side were
determined using the Moisture Meter-D
(Delfin Technologies Ltd., Kuopio Finland)
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with the probe held gently on the skin as
shown in Fig. 2-B. The probe used for this
purpose had an effective penetration depth
of 2.5 mm and thereby mostly included the
tissue from the skin surface down to the
effective depth. The principles and basis of
this method has been previously described
(16-20) and its use widely reported (21-25).
In brief, a 300MHz signal is generated within
a control unit and is transmitted to the tissue
via the probe that is contact with the skin.
The probe itself acts as an open ended coaxial
transmission line. The portion of the incident
electromagnetic wave that is reflected
depends on the dielectric constant of the
tissue, which itself depends on the amount of
free and bound water in the tissue volume
through which the wave passes (16,17,19,26).
Reflected wave information is processed
within a control unit and the relative
dielectric constant, which is dimensionless, is
displayed which is an index of the tissue
water. For reference, pure water has a value
of about 78.5. TDC measurements were made
in triplicate and the average used to
characterize the TDC value at affected and
contralateral limb targets.

Tissue Indentation Resistance (TIR)

The tissue indentation resistance (TIR) is
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Fig. 2. Measurements and LLLT application. A. Girth measured at the center of the target site using a fixed tension
tape measure. B. Tissue dielectric constant (TDC) measured at the target site. C. Indentation force measured as an
index of the tissue’s indentation resistance. For affected limbs the central indenter is displaced inward by 4 mm and
3 mm and the corresponding force recorded. D. LLLT applied for one minute at each of the five marked target sites.

an index of the relative hardness of the skin
and subcutaneous tissue. Such measurements
have frequently been made with tonometers
(27-29) in which a fixed mechanical load is
used to cause an indenter to move into tissue
being measured and the vertical movement
of the indenter measured. Accordingly, less
indentation for a fixed load the greater the
tissue hardness. An alternative method,
which is the one used in the present study, is
to indent the tissue to certain depth and
measure the force required to produce that
indentation. Accordingly the greater the
required force for a fixed indentation the
greater is the tissue hardness. The method
and its features have previously been
described (30) and are illustrated in Fig. 2-C.
Advantages of this method over mechanical
gravitational loading tonometers is that the
hand held device does not require the device
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to be supported by the tissue and does not
have to be in a completely vertical orienta-
tion. In operation the indenter is placed at
the target tissue site and the tissue resistance
measured by indenting to a standardized
indentation depth and recording the force
required to achieve this indentation. In
practice the indentation depth is achieved
within 3-5 seconds and the force meter holds
the indentation force value for easy reading.
The measured force (in grams) for a given
indentation is used as the TIR parameter;

A greater force value for a given indentation
corresponds to a higher TIR value. In this
study indentation depths of 3 mm and 4 mm
were used on the affected limb. The control
limb was subjected to an indentation depth of
4 mm only. Prior to the start of the TIR
measurement patients were asked to relax
their arm as much as possible in order to
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minimize the effect of muscle clenching on
the measured TIR value. Although not all
patients were able to relax to the same amount,
each appeared to be able to relax arm muscles
similarly for each of the three TIR measure-
ment intervals (pre-LLLT, immediately post-
LLLT and after the MLD session).

Low Level Laser Therapy (LLLT)

After measuring baseline (pre-treatment)
parameters (girth, TDC and TIR) the target
tissue was treated with the laser for five
minutes with each of the five marked sites
receiving one minute of treatment. Treatment
is achieved by placing the cone-shaped head
of the laser on a marked target site as
illustrated in Fig. 2-D. The laser device used
in this study was the RianCorp LTU 904H
(RianCorp Pty Ltd., Henley Beach, South
Australia, Australia). The unit is a portable,
rechargeable, battery powered device that
emits a pulsed 904 nanometer beam with an
average output of S mw from a treatment
head of 0.2 cm? in size. This is the same
type of LLLT device used in some previous
lymphedema related studies (4,6).

Protocol Sequence

The above series of measurements (girth,
TDC and TIR) were done prior to the LLLT
treatment (Time = T0) and repeated starting
one minute after completing the five minute
LLLT sequence (Time = T1) and repeated
again after finishing the MLD session (Time
= T2). The MLD session started about one
minute after completing the T1 measurement
set and lasted (mean = SD) 52+2 minutes.
Initial measurements (arm girths) were started
after the patient had been in a relaxed supine
position for between 10-12 minutes. Patients
remained in the supine position at least until
they had had all pre-LLLT measurements
completed, had received their active or sham
LLLT treatment, and had their immediate
post-LLLT or post-sham measurements. They
remained in a supine or near supine position

Permission granted for single print for individual use.

for the duration of the MLD session and
were in the same supine position when the
final measurement set was done.

Statistical Analysis

Overall differences among parameter
values obtained at T0, T1 and T2 were tested
using a general linear model (GLM) for
repeated measures with the values at T0, T1
and T2 being the within measures (SPSS,
version 13). Given the presence of significant
overall difference (p<0.05), follow-up tests
used within-subject contrasts, properly
adjusted with the Bonferroni correction, to
determine the significance of the paired-
differences. Differences in parameter values
between paired-limbs and between active and
sham treatments for affected legs were tested
using the nonparametric Wilcoxon test.
Separate analyses were done for the arms and
for the legs. An alpha level less than 0.05
(p<0.05) was taken as statistical significance.

RESULTS
Arms

All results are expressed as mean + SD.
GLM results indicated an overall significant
difference (p<0.001) among the affected arm
values at the three measured time points
(T0, T1 and T2) for TDC and indentation
force values, but no significant differences
among control arm parameter values.
Results showed (Table 2) that affected arm
pre-treatment (TO) values for TDC (43.3+£9.9),
indentation force (297+107 g) and girth
(26.9+4.2 cm) were all significantly greater
(p<0.001) than values measured on the
contralateral arm at corresponding anatomi-
cal sites. After applying LLLT to the affected
arm for five minutes there was a significant
reduction (p<0.001) in TDC and indentation
force to values of 39.5+9.8 and 222+113 g.
These correspond to reductions by 8.2+12.5%
and 27.4+18.9% for TDC and force
respectively. Girth values were insignificantly
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TABLE 2

Parameter Values for 38 Arm Pairs
(mean = SD)

TDC Value Indentation Force (gms) Girth (cm)
Affected Control Affected Control Affected Control
Measurement Arm Arm Arm Arm Arm Arm

Pre-Treatment (T0) 43.3+9.9 26.4+5.8%f 297+107  224+100Ff 26.9+4.2 22.8+3.5%
Post-Treatment (T1) 39.5+9.8%* 26.4+6.1% 222+113%** 213+096 26.7+4.3 22.6+3.2%
Post-MLD (T2) 43.3+9.7 27.1+5.8%F 243+102*%* 213+1061 26.8+4.2 22.6+3.3%

TDC is the tissue dielectric constant to an effective depth of 2.5 mm and Indentation
Force is the force in grams measured for an indenter displacement into tissue of 4 mm.
Girth is the circumference measured at the center of the treated site. ** p<0.001 compared
to Pre-Treatment, 1 p<0.01 compared to Affected arm $p<0.001 compared to Affected arm

TABLE 3

Parameter Values for 38 Leg Pairs
(mean = SD)

TDC Value Indentation Force (gms) Girth (cm)

Affected Control  Affected Control Affected Control
Measurement Arm Arm Arm Arm Arm Arm
Pre-Treatment (T0) 42.6+9.8 34.8+10.0% 381+167 327+1741 40.9+13.0 36.6+11.6%
Post-Treatment (T1) 35.5+£10.9%* 35.6x9.8 314+162** 330175 40.8+13.1 36.7+11.8%
Post-MLD (T2) 39.6+12.1 35.7+10.0 355+159% 308+1541 40.8+13.0 36.7+11.6%

TDC is the tissue dielectric constant to an effective depth of 2.5 mm and Indentation
Force is the force in grams measured for an indenter displacement into tissue of 4 mm.
Girth is the circumference measured at the center of the treated site. **p<0.001 compared
to Pre-Treatment, 1p<0.01 compared to Affected leg; $p<0.001 compared to Affected leg

was significantly reduced (p<0.001) at both
T1 and T2. Control arm parameter values

changed from the pre-treatment values
(26.9+4.2 vs. 26.7+4.3, p>0.5). Affected arm

values measured at the end of the MLD
treatment session (T2) showed that TDC had
increased from its immediately post-LLLT
value and its final value (43.3+9.7) was now
insignificantly different than the pre-treatment
value. Contrastingly, although the measured
4 mm indentation force was increased from
its T1 value, its post-MLD value (243+102 g)
remained significantly less (p<0.001) than the
pre-treatment value. The reduction at T2 as
compared to pre-treatment was 17.8+18.7%.
A similar pattern of force reduction after
LLLT was found for 3 mm indentation forces
of the affected arm as shown in Table 4. The
pre-treatment force (161+75 to 111+65 g)
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(TDC, indentation force and girth) were
insignificantly changed from T0 through T1.

Legs (Active LLLT)

As with the arm results, GLM results for
legs indicated an overall significant difference
(p<0.001) among the values obtained at the
three measured time points (T0, T1 and T2)
for affected leg TDC and for TIR as
indicated by the measured indentation force
values. Again similar to the arm results,
there was no significant differences among
any parameter values for the control leg.
Results showed (Table 3) that affected leg
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TABLE 4

Affected Limb Indentation Force and its Change

Indentation Force (gms) % Change from Pre-Treatment

Affected Affected Affected Affected
Measurement Arm Legs Arm Legs
N 38 38 38 38
Pre-Treatment (T0) 161 =75 265 = 153
Post-Treatment (T1) 111 = 65%* 200 + 139%*=* -27.9 + 18.2 -26.4 + 18.4
Post-MLD (T2) 123 + 63%* 232 + 138%%* -19.8 + 21.9 -10.3 + 23.0

Values are mean + SD for Indentation Force (grams) measured for an indenter displace-

ment into tissue equal to 3 mm. ** p<0.001 compared to Pre-Treatment

pre-treatment (T0) values for TDC
(42.6+9.8), indentation force (381+167 g) and
girth (40.9+13.0 cm) were all significantly
greater than values measured on the
contralateral legs at corresponding
anatomical sites. After applying LLLT to the
affected leg for five minutes there was a
significant reduction (p<0.001) in TDC and
indentation force to values of 35.5+10.9 and
314+162 g. These corresponded to reductions
of 16.8+16.7% and 18.5+15.1% for TDC and
force respec-tively. Girth values were
insignificantly changed from the pre-
treatment values (36.6+11.6 vs. 36.7+11.8,
p>0.5). Affected leg values measured at the
end of the MLD treatment session (T2)
showed that TDC had increased from its
immediately post-LLLT value so that its final
value (39.6+12.1) was less than but now not
significantly different from the pre-treatment
value (p=0.07). The measured 4 mm
indentation force increased from its T1 value
so that its post-MLD value (355+159 g) was
less than but still significantly different
(p<0.05) than the pre-treatment value.
Indentation forces to 3 mm (7Table 4) indicate
a similar pattern to the 4 mm indentation
outcome with both the T1 and T2 values
remaining significantly less than the LLLT
pre-treatment force values. Control leg
parameter values (TDC, indentation force
and girth) were insignificantly changed from
TO through T1.
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Legs (Active LLLT and Sham Treatment)

Comparisons of the pattern of changes
associated with active LLLT and sham
treatment of affected legs (N=17, Table 5)
show them to be similar to those described
above for the full complement of LLLT
treated legs (N=38). Both LLLT and sham
treatments produce an early (T1) reduction in
both TDC and TIR followed by a return
toward pre-treatment values by the end of the
MLD session. There is however a greater
statistical significance (p<0.001) of the LLLT
reduction than the significance (p<0.05) of
the sham treatment reduction for all
measured parameters. In addition, for the
active LLLT, the post-MLD (T2) indentation
forces remained significantly less than pre-
LLLT (TO) forces (p<0.05) whereas for sham
treatment there was no significant difference
between pre-treatment values for any
parameter. Further, although both active
LLLT and sham treatments caused
reductions in all parameters, the percentage
reduction in TDC and indentation forces
caused by the five-minute active LLLT was
also significantly greater than for the sham
treatment as shown in Table 6.

DISCUSSION

The main goal of this study was to
determine if a single localized five minute
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TABLE 5

Parameter Measures for 17 Affected Legs That Had LLLT
and Sham Treatment (mean = SD)

TDC Value Indentation Force Indentation Force
(4 mm) (3 mm)
Measurement LLLT SHAM LLLT SHAM LLLT SHAM

Pre-Treatment (T0) 40.8+8.0 38.5+5.8 353+102 319+100 243+100 185+91
Post-Treatment (T1) 33.949.6%*% 36.3+6.1*% 278+102%** 293+104* 170+85%* 161+71*
Post-MLD (T2) 38.6£9.9 40.0+8.0 322+104* 304+102 208+91* 178+87

TDC is the tissue dielectric constant and Indentation Force is the force in grams that
measured for an indenter displacement into the tissue equal to 4 mm or 3 mm. **p<0.001
compared to Pre-Treatment, *p<0.05 compared to Pre-Treatment

TABLE 6

Percentage Reduction in TDC and Indentation Force of Affected Legs
That Had Both Active LLLT and Sham Treatment

TDC Value Indentation Force Indentation Force
(4 mm) (3 mm)
Measurement LLLT SHAM LLLT SHAM LLLT SHAM
Reduction (%) 17.2+16.7 5.3+7.5 30.2+14.5 11.7+18.1 33.2+27.1 11.1x14.8
p-value 0.011 0.004 0.002
N 17 17 17 17 17 17

Entries are values (mean + SD) for the percentage reduction in TDC and force from
pre-treatment to immediate post treatment associated with either active LLLT or sham
treatments. TDC is the tissue dielectric constant and Indentation Force is the force in grams
measured for an indenter displacement into the tissue equal to 4 mm or 3 mm. P-values were
computed based on the nonparametric Wilcoxon test for the differences between LLLT and
SHAM treatment.

LLLT treatment applied directly to parameters at the end of a standard MLD
lymphedematous tissue would reduce the session that was on average 52 minutes post-
treated tissue’s dielectric constant (TDC), LLLT. The immediately post-LLLT reduction
indentation resistance, or girth. In this in TDC and TIR, measured one minute after
context, TDC is used as an index of the LLLT application, occurred for affected arms
relative tissue water content, the force and legs with no significant change in TDC
required to indent the tissue is used as an or TIR of control limbs. However, by the
index of the indentation resistance, and the end of the MLD session TDC did not remain
local circumference used as a direct measure significantly less than pre-LLLT values for
of the limb’s girth. either arms or legs. Contrastingly, although
Considering the entire group (N=76), the at the end of the MLD session the reduction
main findings revealed a pattern of change in indentation forces tended to be less than
characterized by a large and statistically they were immediately post-LLLT, the forces
significant reduction in both TDC and TIR remained significantly less than pre-LLLT
immediately after the LLLT with a return values for indentation depths of 3 mm and
toward pre-treatment values of both 4 mm for both arms and legs. At no time
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were there any statistically significant LLLT
related changes in girth for either arms or
legs with this acute protocol.

Considering the subgroup of 17 subjects
who received both active LLLT and sham
treatments of their affected legs, the main
findings revealed a pattern of changes similar
to the pattern described above for the entire
group. Further, the patterns observed for the
active LLLT and sham treatments were not
qualitatively different from each other. Thus
for both active LLLT and sham treatments
there was an immediate post-LLLT or post-
sham reduction in both TDC and indentation
forces that tended toward pre-treatment
values at the end of the MLD session.
Although qualitatively similar, the active and
sham treatments resulted in significantly
different quantitative changes. The immediate
post-treatment reduction was significantly
greater for the active LLLT than for the
corresponding reduction for the sham
treatment. This was true for reductions in
TDC and indentation forces to both 3 mm
and 4 mm as summarized in Table 6.

The interpretation of the above findings
is clouded by the qualitative similarity of
responses to active LLLT and to sham
treatment, at least for the subgroup of 17 legs
so evaluated. However, both the observed
pattern and the quantitative changes
measured provide a foundation for specu-
lation as to the underlying events. A common
finding among active and sham treatments is
the initial reduction in TDC and indentation
forces. One explanation of this result is that
the mechanical effects of placement of the
laser head combined with the weight of the
laser unit in contact with the tissue is
sufficient in and of itself to initially cause
movement of underlying edematous fluid out
of the measuring site. This could account for
the initial reduction in TDC. The initial force
reduction could be in part due to the same
action, possibly combined with a mechanical
action of the laser head on the tissue itself
that transiently “break-ups” some of the
hardened underlying tissue. The second
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common finding of both active and sham
treatments is the tendency for the reductions
in both TDC and force to lessen by the end
of the MLD session. Based on the speculated
process causing the initial reductions, this
might occur when initially displaced lymphe-
dema fluid re-enters the measurement site
and the initial mechanically induced tissue
softening partially recovers. Although the
above speculative processes could explain the
common qualitative features between active
and sham treatments, they do not explain the
significantly greater amount of initial reduc-
tion associated with active LLLT treatment.
Thus, based on our current information, it is
our tentative interpretation that the observed
initial reductions in TDC and indentation
force are partially mechanically related and
partially related to an unknown aspect of the
LLLT treatment. The nature of such an
“unknown aspect” is again speculative but
may be related to one or more of the variously
described in vitro and in vivo effects of laser
light (1,4-7,12). It is suggested that further
systematic study of LLLT as it relates to
treatment of lymphedema and its complica-
tions are needed to better characterize its
utility and possible mechanisms of action.

REFERENCES

1. Rufina, WL, RW Lau, GL Cheing: Managing
postmastectomy lymphedema with low-level
laser therapy. Photomed. Laser Surg. 27
(2009), 763-769.

2. Piller, N, A Thelander: Treating chronic post-
mastectomy lymphoedema with low level
laser therapy: A cost effective strategy to
reduce severity and improve the quality of
survival. Laser Therapy 7 (1995), 163-165.

3. Piller, NB, A Thelander: Treatment of chronic
postmastectomy lymphedema with low level
laser therapy: A 2.5 year follow-up.
Lymphology 31 (1998), 74-86.

4. Carati, CJ, SN Anderson, BJ Gannon, et al:
Treatment of postmastectomy lymphedema
with low-level laser therapy: A double blind,
placebo-controlled trial. Cancer 98 (2003),
1114-1122.

5.  Ahmed Omar, MT, A Abd-El-Gayed Ebid,
AM El Morsy: Treatment of post-mastectomy
lymphedema with laser therapy: Double blind

Reproduction not permitted without permission of Journal LYMPHOLOGY.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

placebo control randomized study. J. Surg.
Res. 165 (2011), 82-90.

Dirican, A, O Andacoglu, R Johnson, et al:
The short-term effects of low-level laser
therapy in the management of breast-cancer-
related lymphedema. Support Care Cancer 19
(2011), 685-690.

Kaviani, A, M Fateh, R Yousefi Nooraie,

et al: Low-level laser therapy in management
of postmastectomy lymphedema. Lasers Med.
Sci. 21 (2006), 90-94.

Baratto, L, L Calza, R Capra, et al: Ultra-low-
level laser therapy. Lasers Med. Sci. 26 (2011),
103-112.

Giuliani, A, M Fernandez, M Farinelli, et al:
Very low level laser therapy attenuates edema
and pain in experimental models. Int. J.
Tissue React. 26 (2004), 29-37.

Silva, MP, F Bortone, TR Araujo, et al:
Inhibition of carrageenan-induced expression
of tissue and plasma prekallikreins mRNA

by low level laser therapy in a rat paw edema
model. Rev. Bras. Fisioter. 15 (2011), 1-7.
Mafra de Lima, F, AB Villaverde, MA
Salgado, et al: Low intensity laser therapy
(LILT) in vivo acts on the neutrophils
recruitment and chemokines/cytokines levels
in a model of acute pulmonary inflammation
induced by aerosol of lipopolysaccharide from
Escherichia coli in rat. J. Photochem.
Photobiol. B 101 (2010), 271-278.

Pugliese, LS, AP Medrado, SR Reis, et al:
The influence of low-level laser therapy on
biomodulation of collagen and elastic fibers.
Pesqui Odontol. Bras. 17 (2003), 307-313.
Medrado, AR, LS Pugliese, SR Reis, et al:
Influence of low level laser therapy on wound
healing and its biological action upon
myofibroblasts. Lasers Surg. Med. 32 (2003),
239-244.

Soares, LP, MG de Oliveira, SR de Almeida
Reis: Effects of diode laser therapy on the
acellular dermal matrix. Cell Tissue Bank 10
(2009), 327-332.

Kasseroller, RG: The Vodder School:

The Vodder method. Cancer 83(12 Suppl
American) (1998), 2840-2842.

Aimoto, A, T Matsumoto: Noninvasive
method for measuring the electrical properties
of deep tissues using an open-ended coaxial
probe. Med. Eng. Phys. 18 (1996), 641-646.
Alanen, E, T Lahtinen, J Nuutinen:
Measurement of dielectric properties of
subcutaneous fat with open-ended coaxial
sensors. Phys. Med. Biol. 43 (1998), 475-485.
Lahtinen, T, J Nuutinen, A Alanen: Dielectric
properties of the skin. Phys. Med. Biol. 42
(1997), 1471-1472.

Nuutinen, J, R Ikaheimo, T Lahtinen:

Permission granted for single print for individual use.
Reproduction not permitted without permission of Journal LYMPHOLOGY.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

177

Validation of a new dielectric device to assess
changes of tissue water in skin and subcuta-
neous fat. Physiol. Meas. 25 (2004), 447-454.
Petaja, L, J Nuutinen, A Uusaro, et al:
Dielectric constant of skin and subcutaneous
fat to assess fluid changes after cardiac
surgery. Physiol. Meas. 24 (2003), 383-390.
Mayrovitz, HN: Assessing local tissue edema
in postmastectomy lymphedema. Lymphology
40 (2007), 87-94.

Mayrovitz, HN: Local tissue water assessed by
measuring forearm skin dielectric constant:
Dependence on measurement depth, age and
body mass index. Skin Res. Technol. 16
(2010), 16-22.

Mayrovitz, HN, S Davey, E Shapiro: Local
tissue water changes assessed by tissue
dielectric constant: Single measurements
versus averaging of multiple measurements.
Lymphology 41 (2008), 186-188.

Mayrovitz, HN, S Davey, E Shapiro:
Localized tissue water changes accompanying
one manual lymphatic drainage (MLD)
therapy session assessed by changes in tissue
dielectric constant inpatients with lower
extremity lymphedema. Lymphology 41
(2008), 87-92.

Mayrovitz, HN, M Luis: Spatial variations in
forearm skin tissue dielectric constant. Skin
Res. Technol. 16 (2010), 438-443.

Nuutinen, J, T Lahtinen, M Turunen, et al:

A dielectric method for measuring early and
late reactions in irradiated human skin.
Radiother. Oncol. 47 (1998), 249-254.
Bagheri, S, K Ohlin, G Olsson, et al:

Tissue tonometry before and after liposuction
of arm lymphedema following breast cancer.
Lymphat. Res. Biol. 3 (2005), 66-80.

Clodius L, L Deak, NB Piller: A new
instrument for the evaluation of tissue tonicity
in lymphoedema. Lymphology 9 (1976), 1-5.
Piller, NB, L Clodius: The use of a tissue
tonometer as a diagnostic aid in extremity
lymphoedema: A determination of its
conservative treatment with benzo-pyrones.
Lymphology 9 (1976), 127-132.

Mayrovitz, HN: Assessing lymphedema by
tissue indentation force and local tissue water.
Lymphology 42 (2009), 88-98.

Harvey N. Mayrovitz, PhD
College of Medical Sciences
Nova Southeastern University
3200 S. University Drive

Ft. Lauderdale, FL 33328,
Phone: 954-262-1313

Fax: 954-262-1802

E-mail: mayrovit@nova.edu





