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1. INTRODUCTION

The evolution of lymphoedema during physical treatment appears
quite easy to measure, especially if we limit ourselvesto
considering the decrease in its volume, and furthermore if we limit
the volume’ s measurement to the geometry of the arms, forearms,
legs and thighs to a cylinder (lymphoedema reside mostly in these
anatomical segments). On the other hand if we want to observe
more complex anatomical areas such as the breast or scrotum, and
especially when we take into account other parameters that are
equally asinteresting, such as the quality of the skin, it's water
density, the thickness of the dermis etc., the task of remaining
precise becomes much more complex.

With regard to the measurement of the shape of the oedema, a
series of pictures taken in standardized conditions (which are
explained in detail below), can suffice for the analysis of the
treatment’ s results and the control of its efficiency. But how can
we deal with more complicated geometries like the root of the
limb, hands, feet, the face, breasts, external genitalia...and again
other parameters that are less visible to the naked eye such asthe
thickness of the dermis, the variation of the subcutaneous tissue,
the skin’stemperature, the quality of the skin, the tonicity of the
oedema, thejoint’s function, the quality of life, etc. All of them
are measurable and important in the evaluation of the treatment’s
efficacy. Regular measuring in the daily practice represents an
important part in the assessment of the oedema’s evolution, and
the more parameters the therapist can avail of, the better equipped
they will be to adapt the treatment to each patient’ s specificities.
Another interesting application of the knowledge that can be
obtained from measuring the affected area is the predictive factor
or early indicator: detecting slight changes that are invisible to the

naked eye, and thus availing of thisinformation to commence
treatment before the possible onset of aclinically significant
lymphoedema.

Our aim is to discuss the most common parameters that are
available for measurement, and the methods used to measure them,
and to weigh their advantages and disadvantages to facilitate the
comparison of different treatments and methods both on a
theoretical level and in apractical setting.

2. MEASURE OF VOLUME AND PERIMETERS

Thefirst impression you get when you observe a part of the body
affected by lymphoedema, is the deformation of that area, either in
comparison with the other side, or compared to what can be
considered as “normal”.

Thusit seemslogical to try to measure the variation in volume of
the oedema, firstly in order to monitor the treatment and secondly
to motivate the patient by providing quantifiable evidence of
improvement throughout its evolution.

There are two different approaches for measuring volume: a direct
and an indirect technique.

1.1. Thedirect technique consists of a derivation of the
Archimedes's Principle: abody immersed wholly or
partiadly in fluid (liquid or gas) displaces a quantity of
liquid equa to itsimmersed volume. Consequently the
oedematous segment will beimmersed into a recipient
filled with water and the water’ s displacement will be
gauged. If you examine more closely the quality of this
method, you notice that there is a non negligible potential
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1.2

of errors®. The main reasons rely on the superficia tension,
the adsorption phenomenon, the reproducibility of reference
points on the wrist, the microscopic structure of the skin's
surface, the temperature of the water, the texture of the
recipient’ sinner surface, the proportion between the size of
the immersed object and the water volume and finally the
error on the lecture of the values.

Therefore many authors proposed or experimented various
types of measuring systemsin the field of volumetry by
immersion. Some proposed to fix a pressure transducer in
the bottom of a container, others measure the rate of the
water displacement and still others recuperate the quantity
of displaced water in a graduated beaker in order to weigh
or measureit. Ph. Leféevre? suggested avery sensitive
method in which he set up a volumetric device which
alows the measurement of the hand with an accuracy of
1%, for volumes between 250 and 300ml. In this method a
metallic needleis placed on top of the water surfacein
order to measure the variation of the electric resistance due
to changes in the height of the water.

The mgjority of the apparatus available today, even in the
best of conditions result in a 3% error, it isfor this reason
that we cannot refer to the immersion technique as the
golden standard, asit has sometimes been considered by
other authors. “ Measurements of volume can be misleading,
particularly when the swelling of an obviously oedematous
limb isrestricted by tissue resection or contraction from
fibrosis. Furthermore, volume measurements are prone to
error because all oedema varies widely according to the
time of day, the stage of the menstrual cycle and physical
activity” 3,

Literature overview of this topic shows us that the
immersion method is an inappropriate method in the
majority of situations, except due to their complex
geometry, when dealing with the particular case of an
oedema of the hand or foot. In practice when dealing with
the limbs, this procedure requires a whole collection of
different containers and apparatus that renders it
unpractical, messy and time consuming. Furthermore with
regards to hygiene, since people with lymphoedema often
have concomitant skin alterations, the appropriateness of
this procedure is questionable and it is also not suitable for
patients in the immediate postoperative period.

Another weakness of the water displacement method is that
the root of the segment is not immersible. Knowing the
variation within this areaisimportant to understand the
displacement of the oedemaasit playsakey rolein
determining whether the oedemais leaving the limb. Finally
the water displacement gives only aglobal view of the
reduction in the oedema, and not a preci se segmental
analysis which is required for monitoring appropriately
multi layer bandaging.

The indirect technique comprises the acquisition of the
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perimeters’ values that are then integrated into geometrical
formula. There are two possibilities, the smplest method is
to consider the lymphoedema as the addition of little
cylindersthat are 4cm long. In this case we can apply the
simplified formula:

Inwhich Z is equal to the circumference and whereit is of
utmost importance to take the measures every 4cm
precisely.

This ssimplified method induces a substantia error because
of the fact that alymphoedemaisunlikeatubeinthat itis
not uniform and produces skin folds.

The other calculating method, using the truncated cone’s
volume tries to reduce this error by taking into account two
successive circumferences. In this case the distance between
two circumferences is non defined but the closer the
measurements of the circumferences the more accurate the
resulting volume.
r
Vi =2X° + Y2+ xy
31

In this equation x equals one circumference and y the other.

Authors have tested the reliability between these two
methods and the water displacement volumetry and they
have concluded that the circumferential measurement has a
better reliability. Due to the fact that interrater reliability is
quite low, but that the intrarater reliability is higher, ideally
apatient should always be evaluated by the same therapist“.
These measurements will vary according to the
reproducibility of the reference marks, the moment of the
day or the activity before the measurement. In a bilateral
lymphooedema, the comparison between the two limbs
remains interesting to evaluate if one limb reacts better than
the contralateral limb after the same treatment.

The tape measurement technique has the strength that it
alowsthe analysis of segmentsindividually and this, up
until the root of the limb.

In the situation where hands or feet cannot be immersed in
water there exists another technique in which the measuring
tape is wrapped around the hand forming an ‘8', authors®
have shown that this technique is an ICC of 0.9 compared to
the immersion technique.

Other technology allows us to obtain values for the
circumference of the limb, such as optoelectronic systems
based on infrared diodes or LASER.

« Optoelectronic volometer (Fischbach & Goltners - 1986)
isasystem based on infrared diodes which record the
shadow of thelimb. This system has a good accuracy if
the geometry of the limb isregular, however if thisis not



the case it can generate an inherent error of 10-15% when
dealing with the complex geometry ¢ of an arm affected
by lymphoedemawith alot of skinfolds. Furthermore
these systems require a large abduction to permit the
machine to access the isolated limb especially at the root
and due to the configuration of the machine the extremity
and the root of the limb end up being neglected. For
examplein the case of the leg, the foot is held in place by
asaddle that blocks the light and hence the measurement.
These systems are very expensive for a private practice
and therefore are redlistically attainable only in much
bigger organisations.

* LASER technology is a promising technique that can aso
be used in measuring the evolution of lymphoedema.
These techniques have been used for along time when
dealing with lumbar problems, casts and corset
fabrication. When applied to lymphoedematous limbs it
will allow afast, precise and reproducible perimetry. It
has passed its phase of development, but remains
expensive and isin hand of industry.

3. MEASUREMENT OF THE SKIN FOLDS

The components of alymphatic oedema, depending on the
conditions and different elements considered, can leave the
affected area by three different evacuation routes; venous,
lymphatic and interstitial. Intermittent compression therapy and
multilayered bandaging applied to the limb cover the whole
oedema up until the root of the limb, at this level part of the
oedemaiis therefore pushed closer to the root of the limb and to the
chest or hip areadirectly in relation with the limb. The trained
hands of a physiotherapist can aid these fluidsin rejoining
lymphatic substitution pathways that drain into the contra-lateral
lymphnodes, or simply attaining sub cutanous region where
physiological drainage continues to run well. These sub cutanous
routes are filled with interstitial fluid, and for this reason skin folds
in this region are much thicker. The measurement and comparison
of these skin folds with a caliper, compared to the contra-lateral
side, enable usto establish a clear picture of which regions are
receiving the liquid coming from the affected limb. Thistool is
therefore very useful for the management and treatment of
lymphoedema.

Another advantage of this utensil isits use when we have to deal
with “flatter” areas of the body like the chest, hips or breasts. A
caliper is much better adapted to these forms, and presents the
ideal solution for evaluating lymphoedema through the measure of
skin foldsin this area with an acceptable reliability and accuracy.

4. IMAGERY BY PHOTOGRAPHY

An easy, quick, and cheap method in the assessment of the
evolution of alymphoedema through out treatment remains
photography. Taking pictures helps patients on the one hand to
visualize the reduction of their swelling, and can act as aform of
psychological support especialy when the treatment is heavy and
the oedema persistent, on the other hand it’ s a precious piece of

evidence for communication with other therapists. In both cases,
they only have to throw a glance at the pictures to acknowledge
the relevance of the treatment.

The relative simplicity of photography also representsits
weakness: small modifications of the volume are not visible, the
picture is only two-dimensional, the control of luminosity and the
difficulty of placing patientsin the same conditions for every
picture pose a problem.

Thus, the use of photography helps the therapist to demonstrate
with ease the treatment’ s benefit in the case of abig
lymphoedema, where the volume reduces quickly, but for smaller
oedema or slower evolutions, because of the difficulty of taking
measures from the pictures, it is not exhaustive. Accordingly,
photography constitutes thus first and foremost a qualitative and
not a quantitative tool.

In order to obtain a reproducible photograph where we can assure
that the patient isin the exact same position, we propose asimple
method based on the grid function that is available on all modern
cameras.

Thisgrid is made up of 9 rectangles, each composed of aratio
between their width and length. Thisratio is based on the Golden
Ratio and Fibonacci Numbers’.

Our ideais to magnify these rectangles and draw then on the wall,
or background, in front of which the photograph can be taken
every time. We therefore enable areferential that can be
reproduced with ease, and that isreliable, so when taking the
photograph the lines can be aligned and thus the exact same frame
is used.

5. IMAGERY BY DEEP INFRA-RED THERMOGRAM

The backflow of lymph into the superficial tissues, also called «
dermal backflow », is a pathognomic sign of lymphatic
insufficiency. The backflow is due to the incapacity of lymphatic
collectors of one areato drain the lymph properly. The lymph
recedes into theinitial lymphatic network inside the dermis, where
liquids and macromolecules cannot be reabsorbed. Because of
local pressure, they haveto find their way through the dermisto
another area of the body, for example up to the root of the limb
until they find areas where the physiological drainage is efficient.
The dermal areathat is not sufficiently drained firstly increasesin
pressure, and then becomes more voluminous. Thislymphatic
stasis increases the pressure on local tissues causing among other
things a compression of the arteriovenous capillaries.

From aclinical point of view, in the first stage this
physiopathological state occasions a paleness and coldness of the
skin. This cold area can be identified and measured precisely with
adeep infrared camera, that therefore pin points the areas that are
affected by dermal backflow, directing the clinician to this site that
demands specific attention in the global treatment of
lymphoedema.

Despite the fact that lymphoscintigraphy represents the golden
standard examination for the diagnosis of the dermal backflow,
because it requires an injection of radiocolloids, it is not
conceivable in aregular follow-up of atreatment. Thisleavesa
greater place for thermograms in treating lymphoedema.
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Following thisfirst stage of coldnessif the stasis isimportant and
makes the tissues suffer, the skin becomes warmer, because of the
beginning of the inflammation process. Deep infrared
thermograms enable us to make an early detection, because of the
sengitivity of the camera and are a valuable tool in this situation.
The use of infrared thermal cameras enables usto obtain surface
thermograms of high precision and excellent resolution for the
diagnosis and evaluation of the treatment’s efficiency with
lymphoedema accompanied by dermal backflow. Thanksto their
easy mode of operation and quick manipulation, these cameras can
be used in adaily routine. We have completed preliminary studies
with promising results, but further investigation is needed on this
topic.

6. TONOMETRY

Tissue tonometry is the measurement of mechanical change due to
external pressure that displacesinterstitial fluid to leave a
depression or pit in an oedema. Tonometry registers the depth of
tissue compression by a known mass over afixed timeinterval. It
can be an important tool to mesure the success of alymphoedema
treatment and management program, although rarely used. The
measurement of the depth of pitting in lymphoedema has been
described using atonometer by various authors?,

The Tissue Tonometer appears to be an easy-to-use, fast and non-
invasive method available to assess the characteristics of the
swollen limb. Its accuracy and reproducibility in assessing pitting
oedema in oedematous and lymphoedematous tissues were
confirmed by a number of authors®. The Tonometer can be set at
different weight levels of 70, 140 and 210° grams that gently push
aplunger onto the skin.

The reliability between tonometry and water displacement or
circumference measurements seems not to be effective’.
Theinterpretation of results obtained through tonometry need to
be closely scrutinized. Firstly they should be analyzed with
relation to time, secondly it is very important to correlate the
results with histological evidence. Often we are too quick to
conclude that a non pitting oedemais fibrotic and therefore non
reversible. Through clinical experience we know that these
oedemas are more resistant to the pitting test as observed with the
tonometer, but also we know that with intensive physical treatment
and adapted technique we can obtain substantial improvements.
Authors consider that the more an oedemais “tonic” the more
fibroticitis, they asses “fibrotic indurations’ by tonometry 2. We
are not convinced by these conclusions, because there exist non
pitting oedemas, that are resistant to a tonometer, but that react
very well and quickly under intensive treatment. We agree that all
fibrotic oedema are resistant to tonometers, but consider that not
all resistant oedemas are fibrotic. A tough oedema could be
because water isimprisoned in the very small and tight
extracellular compartments that generate a very strong pressure.
Other authors?®® sustained that “ A harder swelling is dominated by
adipose tissue and can be treated with liposuction, while the softer
oneistreated conservatively” .
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7. THE MULTI-FREQUENCY BIO-IMPEDANCE

Multi-Frequency Bio-impedance Analysis (MFBIA) is aphysical
application of a derivation of Ohm'’slaw. It allows usto measure
the total water content of the body, both intra and extra cellularly.
MFBIA can be applied to the quantification of unilateral
lymphoedema. MFBIA involves passing an extremely small AC
current at frequencies from 4 kHz to 1M Hz, through the body and
measuring the opposition to the flow of this current (defined as
impedance). At low frequencies, current passes through the
extracellular fluid (ECF) space and does not penetrate the cell
membrane, characterized by the theoretical resistance at zero
frequency (R0O). At high frequencies, however, the current passes
through both the intracellular fluid (ICF) and ECF.

Based on this concept, together with the fact that the impedance of
ageometrical system isrelated to conductor length, cross sectional
area and signal frequency, avalue of impedance can be calculated
from a current passed through the body. The measured impedance
isinversely proportional to the amount of fluid. By appropriate
choice of signal frequency, this can be made specific for ECF or
for total fluid determination.

MFBIA analysis of alimb requires that the electrodes be placed at
the extremities and the root of the limb. There are various methods
for doing this, either at predetermined anatomical sites like the
wrist and shoulder 14, or as some authors have proposed at a
determined length (40cm apart) *°.

These machines were created for whole body measurements with
electrodes placed at the hands and feet. When dealing with
lymphoedema because the el ectrodes are placed specifically to
measure alimb, the majority of results for the different volumes
indicated on the screen of the machine cannot be interpreted. The
impedance is the only data that can be exploited, since the other
values are calculated by an algorithm, which takes into account the
BMI, statistic data of fluid volume determined by isotope dilution
for the whole body, and anthropometric parameters from peer-
reviewed published journal articles.

Theliquid content of a normal limb and more specifically an
oedematous limb varies depending on different variables:
temperature, relative humidity, physical activity, diet, variationsin
the adipose tissue, alternation of decline and orthostatic position,
tight clothing, the dominant arm, elastic sleeves, metabolism, and
hormonal cyclesto name only afew. Because of the changesin
liquid content, impedance also varies from one measure to the
next. We need to considerate these aspects in the methodology of
studies, despite the fact that the results obtained may be erroneous
or at least disputable.

When dealing with lymphedema, the use of MFBIA can be
considered when taking into account the flaws described above.
Then, we concentrate on the impedance ratio between two limbs,
the presumed affected and non affected limb, at a precise moment
intime.

Even though MFBIA isless time consuming than water immersion
methods, it provides us with a global overview that doesn’t
indicate towards which anatomical areathe interstitial part of the
oedemaiis being displaced.

MFBIA is more sensitive than circumferential measurements at
low levels of oedema and so it can be used to discriminate
between affected and non affected limbs. This method of
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measurement can be useful for detecting the beginning of
oedemas, enabling the rapid installation of focused treatmentsin
order to reduce consequences of lately diagnosed, and therefore
treated, oedema. Further prospective and multicentric studies are
necessary to validate and expand the use of this preventative
methodol ogy.

8. QUALITY OF LIFE SCALE

Lymphoedema decreases the quality of life of affected patients and
up until recently has been neglected. Consequently little data on
this subject is available. Generally studies use the SF-36, a generic
quality of lifeinstrument 6, more recently specific questionnaires
relating to quality of life with lymphoedema are being or have
been validated such as the FACT-B questionnaire and
LYMQOLZ,

R. Launoix et a. suggested an original ladder : I'ULL-27 test Y’
defined by 27 items and 3 dimensions. Physical (14 questions),
Psychological (7 questions) and social (6 questions). Itsvalidity is
debated in the principal articles which specify its construction and
utilization’s method.

9. VEINOUSECHOCOLOR DOPPLER SCAN

Lymphoedema are always associated with amore or less important
venous insufficiency, for this reason echocolor Doppler needs to
be integrated in the assessment of lymphoedema. The echography
is an undisputable examination for investigating lymphnodes.
Some authors have demonstrated that is aso possible to visualize
large lymphvessels by means of echography using linear probes of
15 MHz,

10. THE SUB-CUTANEOUSTISSUESECHOGRAPHY

This inexpensive and non invasive examination allows us to
appreciate the fibrosis and the local thickness of the oedema and
overal the thickness of the dermisinvolve in the dermal backflow.
High-resolution cutaneous ultrasonography makesit possible to
differentiate lymphoedema from lipoedema®®.

Thisimaging tools can be useful in the case of functional
limitation without notable volumetric deterioration. Actually,
volumetry does not show the underlying muscular waste when itis
masked by an oedema. By means echography authors has describe
that it seems that there exists apreclinical “pathologica” state,
where the thickness of the dermisincreases and the fat tissue is
modified without visible increases in the volume of the limb®.
These results raise hope that a prevention approach of
lymphoedema is possible using echography, but further
prospective studies still have to be achieved.

11. THELYMPHOSCINTIGRAPHY

This technique of imagery makes it possible to appreciate the
performance of alymphatic network and to reveal its
topographical anatomy. It permits us to locate and to appreciate
the function of the collateral lymphatic pathways, the dermal

backflow, the lymphatic clearance of a certain spot, and the
lymphnodes activity... It constitutes an invaluable help for the
diagnosis?, and the golden standard examination for the
evaluation of lymphoedema. The examinations’ result must be
interpreted by a nuclear physcian speciaized in the lymphatic
field.

The method of injection (sub-cutaneous or intradermal) 2 is
important and should be closely regulated as they influence the
results greatly. Typically, the traditional protocols include
injecting directly into the first inter digital space. A supplementary
injection at the root of the limb, followed by a manua drainage on
the potential drainage pathways enables us to visuaize the
functional pathways being used by the body to drain the
lymphoedematous limb.

This information provides the therapist with clinical evidence so
that they can adapt and base their treatment on facts.

According to the invasive aspect and the cost of a
lymphoscintigraphy it doesn’t appear judicious to proposeit in
first intention when a lympho-veinous oedema appears.

On the other hand, after a cycle of a dozen physical treatments, if
the results are disappointing® it' s useful to carry out a
lymphoscintigraphy to clarify the problem by identifying the
presence or not of lymphnodes and the routes of evacuation.

12. CT SCAN

The CT scan is not routinely proposed for the development and the
evaluation of the lymphoedema because the cost / profit ratio is
very unfavorable. The analysis of the cross sectional area allows
us however to differentiate between the volume of the muscular
mass compared to the oedema, and therefore to identify eventual
muscular wasting %,

13. MRI

MRI whitout contrast furnish an iconography in honey combs of
the oedema. Examinations with contrast products by injection of
Gd- DTPA only alow the visualization of large lymphatic vessels.
More recently authors consider that MR Lymphangiography at 3.0
T provides very high spatial resolution and anatomical detail of
normal and abnormal peripheral lymph vessels?*. MRL may thus
become a valuable tool for microsurgical treatment planning and
monitoring.

This technique enables us to appreciate the relative composition of
the oedemas as well as the eventual muscular wasting. TSE T1 and
TSE T2 magnetic resonance images, provide a higher resolution
imaging to distinguish the components of the oedema. MR
spectroscopy permits us to calculate the relative proportions of
water and fat, and thisisinteresting to evaluate the evolution of
the composition of the oedema?®.

14. MEDICAL ELASTOGRAPHY

Isan emerging diagnostic tool for the assessment and real-time
colour display of tissue elasticity. This technique based on the
elastic answer of atissue subjected to ultrasonic waves, provides a
cartography of the elasticity of an anatomical areawith a
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millimetre-length resolution in 3D. Thisinnovating non invasive
method might be able to contribute to the study and evaluation of
fibrosis of lymphoedema, therefore complementing studies with
tonometry.

Results of preliminary study on lymphoedema arm and leg
subcutis? demonstrate that at least “ in some casesit is feasible to
generate poroelastograms from different lymphoedematous tissues
in vivo. They also suggest that lymphoedematous tissues exhibit a
temporal poroelastographic behavior that is significantly different
fromthe behavior that characterizes normal tissues. Thus,
poroelastographic techniques may be of use in the diagnosis and
evaluation of lymphoedema” .

CONCLUSION

Our overview is certainly not an exhaustive paper, but aimsto
investigate briefly the most frequently available techniques to
assess lymphoedema.

The challenge that the clinician faces nowadaysin treating
lymphoedema is finding the adequate tools to evaluate the
situation and to make the right decisions regarding the treatment,
not only in function of the volume, but taking into count other
parameters as well.

The most accessible techniques beside the obvious cost benefits do
have their advantages. In the case of segmental lymphoedema
(referring to the segment of alimb), the measuring tape method
remains the easiest and comparatively most sensitive method; it is
sensitive to the perimeter, graphically reproducible, and gives
clear evidence of the displacement of the oedema.

Concerning the hands and feet, the immersion techniqueis the
most adequate, while for flat surfaces, the caliper provides the
easiest information concerning the thickness of the skin.

More sophisticated techniques require training, and can be less
accessible on aroutine basis. Never the less these techniques can
reveal much more information than the naked eye. The most
available of these techniques is the echography: with this we can
visualize the thickness of the dermis, and of the sub cutaneous
space where the oedemais situated. Because lymphatic diseases
are often connected with venous insufficiency the echocolor
Doppler isan indisputable tool in the diagnostic of phlebo-
lymphoedema insufficiency.

MRI and CT-scan remain reserved for scientific research or
particular complex clinical case. Other than in particular cases this
approach cannot be used in aroutine basis, because of their high
cost and limited availability.

The whole body laser scanner is a promising new perometer, but
quite expensive and still requires more research to evaluate its
interest in the field of lymphology.

Bio impedance analysis appears interesting but procedures need to
be validated to evaluate the intrinsic qualities of measurements,
like the sensitivity and the resolution in order to use this system to
detect lymphoedema before its visible onset.

Thermography was abandoned twenty years ago but nowadays
with new advancesin technology it has become an affordable and
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easy to use piece of equipment to evaluate the skin thermogram
throughout the evolution of the oedema.

Lymphoscintigraphy remains the golden standard to visualize the
physiology and physiopathology of the lymphatic system. Itis
now being used in synchronization with a scanner that enables a
3D visualization. By means of additional injection at the root of
the limb, it is possible to visualize the pathways used and therefore
direct the hands of the physiotherapist to work in accordance with
evidence.

Another aspect that is often put in second place is the quality of
life and aso the functional impact of lymphooedema27. For
example, we have only found one study that investigates gait
analysisin lower limb lymphoedema, and validated questionnaires
about quality of life remain rare.

Finally it is becoming more and more apparent that a myriad of
techniques are available to evaluate lymphoedema, so we are
hopeful for the future, knowing that possible combinations of
these techniques will enable usto progressin the diagnosis,
treatment and research of lymphoedema.
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