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Abstract Aims and objectives: Chronic

lymphoedema is associated with fibrosclerosis, lipid cell

proliferation, angiogenesis as well as increase of tissue

thickness and hardness. Here we quantitively assessed

epifascial tissue elasticity in arm lymphoedema patients

using the Acoustic Radiation Force Impulse Quantification

(ARFI-Q) approach. Materials and methods: Thickness

and elasticity of the epifascial tissues of both forearms

(healthy and lymphoedematous) were measured, with and

without tissue compression, using a Siemens Acuson 2000

- Virtual Touch ultrasound equipment. Differences in

ARFI-Q values among epifascial tissue layers (superficial,

intermediate and deep) of both forearms were assessed.

Quantitative variables were evaluated using Spearman

coefficient. ARFI values were evaluated using Kruskal

Wallis non parametric test. Results: 41 patients (38 females,

3 males; age 63.3±11 years; weight 72.8±11 kg, height

162.5±7.8cm and BMI 27.6±4.8 kg/m2) with unilateral

breast cancer related lymphoedema were enrolled into

this study. The median elastographic values, in m/sec,

without compression at the lymphoedematous limb were:

superficial layer 1.70 m/s (0.78-2.82); intermediate layer

1.14 m/s (0.71-3.66) and deep layer 2.10 m/s (0.71-4.29).

With tissue compression, values were 3.23 m/s (0.98-4.92),

3.16 m/s (1.29-7.92) and 3.65 m/s (1.72-5.70), respectively.

In the lymphoedematous limb we found significant

differences between intermediate and deep layers with

no compression (p = 0.005), and between superficial and

intermediate layers (p = 0.004) as well as intermediate and

deep layers (p < 0.001) with compression. Conclusions:

ARFI Quantification could demonstrate different stiffness

values for the three layers in lymphoedematous limbs.

The reduced elasticity of deep epifascial tissues could be

an expression of fibrotic degeneration. Moreover, elastic

compression, normally used as a treatment, could prevent

or reduce fibrosis of the more superficial layers.

Keywords Upper limb lymphedema; shear wave

elastography; ultrasound imaging; ARFI, fibrosis.

1. Introduction

Lymphoedema is a chronic, progressive disease

characterized by the accumulation of protein-rich fluids

in the interstitial spaces of the skin and subcutaneous

tissues. It is associated with mechanical insufficiency of the

lymphatic vascular system1,2. Usually, it does not threaten

survival, but is accompanied by important consequences,

including risk of infections, functional limitations and

psychological disorders, with modification of body image,

reduction of self-esteem, affective disorders and fear3,4. If

left untreated, it shows a progressive tissue changes and

morphological deformities5.

Upper limb lymphoedema usually follows axillary

lymphadenectomy, which is performed mainly for radical
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breast cancer surgery. The prevalence of lymphoedema

after breast surgery varies from 10 to 50%, according to

Kim et al6; the incidence after removal of the sentinel node

is only 3%7.

Chronic stasis of protein-rich fluids in lymphoedema

causes inflammation, which leads to an increase in activated

fibroblasts, an enhanced production of collagen and the

lysis of elastic fibers through the action of different

cytokines and chemokines. The consequence is an evolution

towards tissue fibrosclerosis. Associated phenomena are

a proliferation of lipoid cells and neoangiogenesis: this

determines an increase in adipose tissue8 and can trigger

(also for phenomena of local immune depression) the

development of angiosarcomas9.

The assessment of tissue transformations seen in

lymphoedema can be inspective and palpatory, with skin

showing alterations, ranging from hyperkeratosis to pachy-

dermia (often accompanied by warts and papillomatosis

lymphostatica). All these changes can lead to alterations in

tissue elasticity.

Instrumental methods that allow the detection of

changes in the consistency of lymphoedematous tissues

are tonometry and ultrasound. Tonometry provides a

quantitative measure of consistency and correlates well

with subjective sensation10. It further enables a follow-up of

tissue changes after conservative treatments11. The inability

to identify structural changes in the skin and subcutaneous

tissue represents a major limitation of this approach12.

Ultrasound examination allows the study of different

features of lymphoedema: presence of fluid accumulation,

differences in echogenicity with respect to the healthy

segment, changes in the thickness of the dermis and

subcutaneous tissue and compressibility of the epifascial

tissues.The latter provides numerical data, relating to

tissue compressibility (also termed tissue compliance,

expressed by the difference of epifascial tissue thickness,

after measurement without and then with maximum

pressure on the ultrasound probe)13 and tissue resistance

to compression (that is, the ratio between difference

of tissue thickness without and with compression, and

thickness without compression)6. Overall, it refers to the

area examined. However, with ultrasound measurements,

it is difficult to derive a value of consistency, both

in absolute terms and in relation to the compliance

of the contralateral, healthy tissues. The development

of a particular ultrasound technique, represented by

sonoelastography, is relatively recent. This allows to

distinguish areas with different consistency, within the

examined tissue, with the help of a dedicated software,

integrated into the ultrasound equipment. Furthermore,

it allows detection of modifications induced by small

rhythmic pressures given on the ultrasound probe by

the operator, or impressed by vascular pulsation (Strain

Elastography - SE), or arising from shear waves induced

by the ultrasonic beam (Shear Wave Elastography -

SWE)14,15. The result can be qualitative (color coded map)

or quantitative, with the expression of values in meters/

second or KPascal. Sonoelastographic studies, which were

initially applied to diagnose liver, breast and thyroid

neoplastic lesions, have now other applications. Currently

there is a lack of studies that have used sonoelastography

for lymphoedema diagnosis and characterization, and

most of the previous studies were performed using

Strain Elastography. A SWE modality is represented

by Acoustic Radiation Force Impulse (ARFI) technique,

used to evaluate transversal tissue dislocation generated

by ultrasound beam. Data provided can be qualitative

(ARFI Imaging), quantitative (ARFI Quantification) or

both (ARFI-QI). ARFI Quantification has been used in

several studies, as it has been useful in the diagnosis

of liver and kidney fibrosis, in particular after organ

transplantation16-20. The aim of our study was to determine

the usability of ARFI Quantification for the characterization

of elasticity of epifascial tissues of lymphoedematous arm,

and to demonstrate changes in tissue hardness, related

to fibrosis. The study has already been published in

2014 in the directory of doctoral dissertations of the

University of Udine. It is taken up again for a comparison

with subsequent studies related to ARFI sonoelastography

applied to lymphedema21.

2. Materials and Methods

2.1 Study protocol

This cross-sectional study was performed in 2013 at the

Lymphological Surgery of Associazione Lotta al Linfedema (Fight

Lymphoedema Association), based in Udine. Patients were recruited

through telephone invitation or during a medical visit performed by

a physiatrist expert for lymphoedema. Included were patients, who

had undergone axillary dissection for breast cancer and developed

unilateral secondary lymphoedema, with stage II and III lymphoedema

(defined as non-pitting irreversible lymphoedema), lasting at least

two years. Exclusion criteria that were applied were exclusive

distal localization of lymphoedema (wrist and hand); bilaterality of

lymphoedema; inflammatory pathology in progress or ended less than

one month before; conservative treatment in progress or concluded

less than two weeks before; secondary malignant lymphoedema;

other dermatological pathology of the upper limbs; pathologies

causing anasarca (nephrotic syndrome, severe heart disease, cirrhosis).

Informed written consent was obtained from the patients before the

study was started. For the research a non-invasive method was used,

with application of diagnostic ultrasound, with equipment already

approved for human use and regularly marketed for diagnostic

purposes.

Data on the medical history of the patients were obtained. Then,

the following in-formation was collected: anthropometric data as extent

and amount of swelling of the lymphoedematous arm as well as in the

healthy forearm (by circumferences measurements and calculation of

volumes through mathematical formulas). Patients were then asked to

remain in a supine position, with the upper limbs stretched out and

with relaxed muscles. The landmarks for instrumental measurements
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were then identified and marked with a dermographic pencil. These

landmarks were on the right and left forearm, at the union between

1st and 2nd third sections, at the dorsolateral position. Then ultrasound

measurement of the epifascial tissue thickness in both, healthy

and lymphoedematous forearm, was performed, avoiding any skin

compression by using abundant ultrasound gel. ARFI measurement,

avoiding skin compression were carried out at different depths of

epifascial tissues (superficial level including epidermis and dermis;

intermediate level below the dermis and deep level above the muscular

fascia). Similarly, ARFI measurements were performed by applying

maximum pressure to the probe and therefore to the tissue being

examined. Due to the size of the Region of Interest (ROI, that is the

portion of tissue where the stiffness is measured) it was not possible to

make in all subjects the measurement at the three levels (in particular

on the healthy limb). In some cases of lymphoedema it was not possible

to differentiate the intermediate level (upper subcutis) from the deep

one (deep subcutis): therefore, a single measurement was made for the

entire layer. In most cases, only the skin stiffness could be measured on

the healthy limb. Ultrasound thickness measurement, without and with

maximal compression, was assessed as well. All of these measurements

were performed in the same sequence, in order to avoid the influence of

tissue modifications, which could affect subsequent assessments. Three

measurements were taken for each examined feature. Each ultrasound

measurement was performed on a still person, at the end of exhalation.

The duration of the visit for each patient was approximately 40 minutes.

2.2. Materials

The Acuson S 2000 device, equipped with the ARFI-Q "Virtual

Touch TM" application, for tissue quantification was used to perform

the ultrasound measurements. A 14.5 MHz linear probe was used

for thickness assessments and a 9 MHz linear probe for ARFI-

Q measurements. The data obtained were quantitative, expressed in

meters per second. Median values of the measurements were used for

statistical analysis.

2.3. Statistical analysis

Descriptive analysis was carried out with the Excel program

of the Microsoft Office 2007 application package; the inferential part

with statistical software R. Sociodemographic (gender and age) and

health-related variables collected from patients’ medical history and

medical examination, were analyzed using the main statistical indexes

(frequencies and mean±SD; median and range for categorical and

numerical variables, respectively). The correlation between quantitative

variables was evaluated using Spearman coefficient. A comparison

between ARFI-Q values obtained in the limb with lymphoedema at

different levels (superficial, intermediate and deep) was evaluated using

Kruskal Wallis non parametric test (set α=0.05).

Figure 1 - Volume difference (mL) between

lymphoedematous and healthy arms.

Figure 2 - Distribution of Body Mass Index (BMI).

Figure 3 - ARFI measurements without compression at

three tissue levels of lymphoedematous forearm (SL=

superficial layer, IL = intermediate layer, DL = deep layer).

Significant difference between intermediate and deep layer

(*, p = 0.005).

Figure 4 - ARFI measurements with compression at

three tissue levels of lymphoedematous forearm (SL=

superficial layer, IL = intermediate layer, DL = deep

layer). Significant differences between superficial and

intermediate level (*, p = 0.004) and between inter-mediate

and deep layer (ϕ, p < 0.001).
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Figure 5 - Statistically significant differences in ARFI measurements between different layers of the lymphedematous

limb, without and with compression: between superficial levels (p < 0.003); between intermdiated and deep level without

compression (p = 0.005); between superficial and intermediate (p = 0.004) and between intermediate and deep layers

(p < 0.001) in measurements with compression.

Figure 6 - ARFI measurements at superficial level of

both forearms without and with compression: NCLA (no

compression lymphoedematous arm) 1.70 m/s (0.78-2.82);

CLA (with compression lymphoedematous arm) 3.23 m/s

(0.98-4.92); NCNA no compression normal arm) 1.61 m/

s (1.01-3.79); CAN (with compression normal arm) 3.63

(2.32-6.07).

3. Results

In total, 41 patients (38 females, 3 males; age 63.3±11

years; weight 72.8±11 kg, height 162.5±7.8 cm, and

BMI 27.6±4.8 kg/m2 participated in this study. The mean

duration of lymphoedema was 6±4 years. Arm volume

differences between the affected arm and the healthy arm

are reported in figure 1.

Out of these patients, 25.4% were overweight and

25.4% were classified as obese (3.6% in class III), as can

be seen in figure 2.

In 28 cases, inflammatory episodes were

reported (dermatolymphangioadenitis or erysipelas); these

inflammatory episodes ranged between 1 to 2 times per

year. In 34 cases, periodic combined treatment with manual

lymphatic drainage and elastic com-pression bandage was

performed. 35 patients used elastic compression garments

(25 of them regularly).

3.1. ARFI-Q measurements

At the lymphoedematous limb ARFI measurement without

compression (figure 3) gave the following median results: superficial

layer 1.70 m/s (0.78-2.82) (number of cases in which it was possible

to measure at the layer, n = 41), intermediate layer 1.14 m/s

(0.71-3.66) (n=26), deep layer 2.10 m/s (0.71-4.29) (n=35). With

maximal compression median results were: superficial layer 3.23 m/s

(0.98-4.92) (n=41), intermediate layer 3.16 m/s (1.29-7.92) (n=17) and

deep layers 3.65 m/s (1.72-5.70) (n=31) (figure 4). In lymphoedematous

limbs significant differences were found between intermediate and

deep layers with no compression (p = 0.005) (figure 3), and between

superficial and intermediate level (p = 0.004) and intermediate and deep

layer (p < 0.001) in the acquisition with compression (figure 5).
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At healthy limb ARFI-Q measurement without compression

gave the following median values: superficial layer 1.61 m/s (1.01-3.79)

(n=41) and deep layer 1.33 m/s (0.79-2.18) (n=14). Applying maximal

compression led to median results at superficial level 3.63 m/s

(2.32-6.07) (n=41) and at deep layer 3.37 m/s (2.98-3.43) (n=3).

The only completely comparable measurements on both sides

and for measure-ments without and with compression are those of the

superficial layer (figure 6)

3.2. Ultrasound measurement of epifascial tissue

compressibility

Thickness of epifascial tissues (in mm), measured without

and with compression on the lymphoedematous and healthy limb are

listed in table 1. High correlations were found between the thickness

of the epifascial tissue and the changes in compressibility in the

lymphoedematous limb (r= 0.921) and in the healthy limb (r= 0.928)

(Figure 7 and 8).

Table I - Median values of epifascial tissue thicknesses (mm) at lymphoedematous and healthy forearms, without and

with compression.

Figure 7 - Correlation between epifascial tissue thickness

e and its compressibility at lymphoedematous forearm

(r=0,921).

Figure 8 - Correlation between epifascial tissue thickness

e and its compressibility at lymphoedematous forearm

(r=0,928).

4. Discussion

In our study, ARFI measurements were made on

different layers of forearm epifascial tissues: superficial

layer, largely corresponding to the epidermis and dermis;

intermediate layer, substantially consisting of the upper

part of subcutaneous fat; deep layer, corresponding to the

whole subcutaneous sector or only to its deep portion,

in accordance with the thickness of tissue examined.

We found different stiffness values for each layer in

lymphoedematous limbs. The reduced elasticity of deep

epifascial tissues could be an expression of fibrotic

degeneration. Our results, therefore, suggest that the highest

values were found at the deep (suprafascial) layer, with

levels similar to those of normal kidney and of the 3rd

and 4th stages of 4 levels Metavir classification of liver

fibrosis22. The intermediate values were found at the

superficial level, with a measure similar to that of the

2nd-3rdrd Metavir stage. Lowest values were identified at

the intermediate (subdermal) tissue layers, corresponding to

the 0-1st Metavir stage. The differences detected between

the intermediate and deep layers have shown statistical

significance, suggesting the possibility that in the deeper

layers (in which stagnation of supra-fascial fluid collections

is usually more evident) tissue fibrosis develops or is more

relevant.

In the assessment of peripheral lymphoedema

features, tissue consistency is a poorly evaluated parameter:

in the clinical setting, tissue elasticity is usually assessed

manually by evaluating the pitting and the liftability of the

skin with the pinch test23, 24. Conversely, tissue consistency

can be an important aspect in monitoring this evolutionary

condition, which adds tissue changes to a progressive

volume increase. These changes occur as fibrotic,

neolipogenetic and neoangiogenetic transformations, of an
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entity differing from person to person and, in the same

subject, at various body portions and over time. There

are some examples of instrumental quantitative estimation

of tissue consistency, performed with tonometers and

with B-mode ultrasound examination (study of tissue

compressibility and compliance)6, 11, 13. These methods

show certain limitations, mainly the difficulty to adequately

measure the hardness of deep integuments. A recent

ultrasound diagnostic technique, namely sonoelastography,

has emerged as a promising tool in such measurements.

It assesses tissue consistency by comparing images, taken

before and during small tissue deformations. The two main

techniques provide qualitative or semi-quantitative data of

tissue elasticity (using SE) or qualitative or quantitative

information (using SWE, depending on the modality

used)15.

We used shear wave elastography, in ARFI-Q

modality, for this study on forearm epifascial tissue of

breast cancer related lymphoedema. We used this approach,

as the application of this method in such patients has not

been extensively reported. ARFI-Q measurements have

previously been used to assess normal and fibrotic liver,

spleen, pancreas and kidneys of healthy subjects, in both,

adults and children16-20.

The values for a healthy liver range between 1.25

and 1.60 m/s, whereas in case of fibrosis stiffness can

increase to approximately 2.35 m/s (for 4th stage of the

Metavir liver fibrosis scale)22. In the pancreas, spleen and

kidney, normal average values are 1.40m/s, 2.44 m/s and

2.24 m/s, respectively. Maximal compression was applied

to the tissue as previously performed by Kim6. Using

ultrasound, he measured tissue compliance (difference of

tissue thickness measured without and with maximum

compression exerted with the probe) in lymphedema.

Our aim was the reduction of the liquid component:

the lymphoedematous tissue reproduces a poroelastic

material, in which a solid matrix is permeated by an

interconnected network of fluid-filled pores. Compression

deforms the matrix, that exhibits elastic properties, while

fluid is spatially redistributed over time as response to the

squeeze14. Compressive elastography was already used to

demonstrate spatio-temporal strain responses of edematous

tissues, but in a longitudinal manner: color maps of the

strain were taken sequentially during a gentle, sustained

compression of the tissue25. The aim of these studies

was to gain a better understanding of the mechanical

tissue adaptations rhythmically imposed by the examiner

performing SE, and the possibility of distinguishing

between normal and lymphoedematous tissues in vivo. Our

intention was to exert a maximal, sustained compression

in order to highlight the "structural" component of the

tissue and therefore reveal or make more appreciable

elasticity variations related to the increase in cellularity,

collagen fibers and extracellular matrix. As expected, on

lymphoedematous forearms we found higher velocities, as

a consequence of reduced elasticity. Moreover, median

values were more tightly distributed. There was also

a maintained gradient between the deep, superficial

and intermediate layers, with a statistically significant

difference between the superficial and intermediate layers,

as well as beetween the intermediate and deep layers.

Our results suggest a difference between the

upper and lower subcutaneous layers, probably due to

fibrotic alterations of the deep tissue portions in the

lymphoedematous forearm. More research is needed

in the area of compression measurements, including

aspects related to theoretical insights as well as using

biomechanical models. Due to their slight thickness, in most

cases ARFI measuremens were possible at only one level

in the epifascial tissues of the healthy limb, corresponding

to the skin and a thin layer of subcutaneous tissue. Only

in three healthy limbs, the thickness of the epifascial

tissues was sufficient for placement of the ROI at two

different depths (skin and subcutaneous layer). Compared

to the healthy side, measurements on the lymphoedematous

forearm appeared slightly lower without compression and

also slightly higher with maximal compression. However,

there was no statistical significance in these data. It is

possible that the lower hardness at the affected side was

related to an increased hydration of the dermis, as is

typically seen in lymphoedema.

In recent years, some studies using ARFI-Q on

lymphoedema have been published. Chan et al studied 45

patients with lower limb lymphoedema, and 19 patients

with upper limb lymphoedema26. They compared ARFI-

Q measurement of cutis and subcutis with lymphatic

obstruction extent, assessed by lymphoscintigraphy. Shear

wave speed was significantly higher in limbs with

lymphatic obstruction than in limbs without it, at both

cutaneous and subcutaneous layers. For affected and

healthy limbs, median values of velocities were 2.77 m/sec

and 1.74 m/sec, respectively, at cutaneous layer, and 1.90

m/ sec vs. 1.35 m/sec at subcutaneous level26. Our results

from the lymphoedematous forearm are in contrast with

those of Chan et al. at cutaneous layer (1.70 m/sec in our

study) and at the subcutaneous tissue layer (1.14 m/sec and

2.10 m/sec). However, in the healthy limbs our observations

were similar to those of Chan et al.

Iyigun et al studied with ARFI-Q 36 patients with arm

lymphoedema after axillary dissection and radiotherapy27.

Different values are reported for subcutaneous tissue at

different levels of normal and lymphoedematous arm, with

median velocity ranging from 1.58 m/sec to 1.6 m/sec;

at lymphoedematous forearm median value was 2.09 m/

sec. They found no statistical difference of measures taken

at normal and at International Society of Lymphology
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(ISL) stage 1 lymphoedema of forearms, while a difference

was found between normal and stage 2 lymphoedema

of forearms. The reasons for these differences are not

easy to understand. Unlike strain elastography, ARFI-Q

measurements do not require manual tissue compression

and the measurement is conducted automatically27.This

results in better control of force, and therefore the

evaluation of deeper structures12. Furthermore, Chan and

colleagues found that intraobserver reliability of SWE

was excellent in the cutaneous tissue and good in the

subcutaneous tissue. Interobserver reliability was excellent

at both layers. Iyigun et al found similar results27. In a

recent use of the ARFI-Q to measure stiffness in upper

limb lymphedema and in the contralateral healthy limb,

values were found that were clearly different from those

reported by us and in previously reviewed articles. The

values found in the dermis were clearly higher than those

in the subcutis, on both sides: in the dermis and subcutis in

lymphedema, respectively, 3.054±0.784 and 1.707±0.535

m/sec., and 2.851±0.726 and 1.895±0.603 in the healthy

limb. Re-examination after pitting test demonstrated the

reduction of stiffness in the dermis, but not in the subcutis24.

The contrasting results from all these studies could come

either from heterogeneous clinical features of patients

included in these studies or from portions of subcutaneous

tissue examined (superficial, deep or both) and/or type

and regularity of application of conservative therapies and

use of elastic garments. Moreover, subcutaneous tissue has

a different structure, depending on body part assessed.

Throughout almost the entire body areolar fat is located

between dermis and fascial system, constituted by small fat

lobules, tightly packed and vertically oriented. At abdomen,

flanks, trochanteric region, internal surface of the upper

third of the thigh, knees, and posterior surface of the arm,

there is lamellar fat, located under the areolar one, between

superficial and muscular fasciae. It is looser than the areolar

fat and in obesity it increases in thickness much more than

areolar layer28. As 25.4% of our patients were overweight

and 25.4% were obese (including 3.6% in class III), it is

possible that the increase of areolar fat could have led to

the greater thickness of the layers measured in our study.

Finally, the ARFI measurement sites used in our study could

be another factor contributing to the observed differences in

elasticity values, in relation to these structural differences

of subcutaneous tissues.

Our study allowed also the B-mode ultrasound

assessment of compressibility of epifascial forearm tissues,

performed on the same location of ARFI quantification.

Thickness measurements without and with maximal

compression, on both healthy and lymphoedematous

limbs, showed a tendency to a greater compressibility

on the edematous side compared to the healthy

side (p = 0,0066). We found a correlation between

the thickness values without compression and tissue

compressibility (measurement without minus measurement

with compression), on both sides. This thickness difference

was defined as tissue compliance by Kim et al6. This

value indicates the tendency of a tissue to deform due to

a compressing force and is directly related to the hardness

of soft tissue in lymphoedema. In our study consistency of

data with sonoelastographic values was not demonstrated.

Tissue compliance measurement can be used simply to

monitor the progression of lymphoedema over time, as

Kim proved the reliability of this evaluation at forearm

(excellent) and at upper arm (fair-to-good)6. Further studies

are necessary to understand the usefulness of these data for

assessment of tissue elasticity.

4.1 Limitations

The main limitation of our study is the rarity of reference

data related to skin and subcutaneous elastographic measurements, in

normal and lymphoedematous limbs. Indeed to date, little literature

has been published on the application of elastography to lymphedema.

What is currently available does not allow us to fully understand the

correlation between the data obtained and the actual tissue phenomena,

also because the transformations in case of lymphoedema occur in

the direction of fibrosis but also of neolipogenesis. A different case

is that of liver disease, where there is a gold standard in tissue

assessment, represented by needle biopsy. The large number of ARFI-

Q measurements performed and the possibility of their correlation with

the bioptic data allowed findings of an equivalence among ultrasound

values and the stages of fibrosis (already established based on the

histological data). It can be assumed that ARFI-Q sonoelastography

could at least partially replace the biopsy examination of the liver,

limiting the discomfort and potential complications related to the

invasive procedure.

Another limitation is that the majority of people included in

this study underwent periodic conservative treatment of lymphoedema

(manual lymphatic drainage and elastic compression bandage),

complemented by regular use of elastic compression garments. It

has been pointed out that short stretch compression softens fibrotic

tissues29. Our results could have been affected by the uses of such

elastic garments as the compression of the upper layers could have

influenced the elasticity of upper and lower part of subcutaneous

tissues.

5. Conclusions

The present study demonstrates the usefulness

of ARFI-Q elastosonography in identifying some

transformations of lymphoedematous epifascial tissues.

Although further research on various features of this

measurement approach is needed, there is no doubt about its

usage in the study of lymphoedema. It does not demonstrate

greater invasiveness than other types of measurement, but

maybe more expensive compared to the cheaper ultrasound

exam.

There is a need of an increase of ARFI-Q

investigations, in order to collect more sonoelastographic

data related to lymphoedematous tissues. Comparing

sonoelasto-graphic data with those of other methods of
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lymphoedema assessment, which are capable of identifying

the tissue changes, could lead to greater advances in

lymphoedema management. Such an approach has been

seen in liver pathologies, where a comparison between

ARFI data and tissue microbiopsies performed at the

same area has led to more precise monitoring of the

extent of fibrosis as well as identifying the type of cells

involved. MRI examination, performed with T2 images

and fat suppression and Flair sequences, could allow a

correlation of ARFI values with the entity of water, fibrosis

and lipoid degeneration in lymphoedematous tissues. Such

an approach could be initially reserved for cases at the

upper and lower limits of the observed range, for a

gross distinction of tissue pattern and morphology. Finally,

it seems promising to carry out ARFI investigation on

other pathological conditions, which determine a definite

transformation of the subcutaneous tissue (as in the case of

obesity, dermatoliposclerosis and/or systemic sclerosis), in

order to observe whether homogeneous elastometric values

can be obtained, as a reference.
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