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A B S T R A C T
Background:  Lower extremity edema occurs in many conditions including congestive heart failure, lymphedema, 
diabetes-related, kidney and liver disease, chronic venous insufficiency with venous hypertension. Clinical 
edema assessment methods are often subjective and variable. Our goals were to introduce a simple noninvasive 
measurement procedure potentially useful to characterize lower extremity edema by providing normative values 
from which edema thresholds might emerge.
Methods:  Tissue dielectric constant (TDC) values, as indices of skin-to-fat tissue water, were measured on foot 
dorsum, lower medial leg and anterior forearm of 88 adults (44 female) with ages ranging from 19-77 years with 
BMI ranging from 18.3-40.6 kg/m2. From these direct measurements lower-to-upper extremity TDC ratios (foot/
arm and leg/arm) were determined for each gender. Possible edema threshold ratios were calculated as the mean 
lower-to-upper ratio to which was added two standard deviations of the overall ratio thereby providing initial 
thresholds for future testing.
Results:  Results showed that at each anatomical site absolute TDC values for males significantly exceed those of 
females (P<0.001). Male vs. female TDC values were 33.0±5.4 vs. 27.7±4.0 for the forearm, 34.8±6.5 vs. 27.5±4.6 
for the leg, and 32.5±6.5 vs. 28.7±5.1 for the foot. In contrast, the foot/arm and leg/arm ratios were similar between 
genders ranging 0.990±0.144 to 1.063±0.170. Corresponding lower extremity to upper extremity threshold ratios 
ranged from 1.278 for foot/arm to 1.403 for leg/arm. The composite ratios considering both gender ration (N.=88) 
yielded a composite threshold foot/arm ratio of 1.387 and a leg/arm threshold ratio of 1.324.
Conclusions:  This assessment method together with the normative ratios and calculated thresholds may aid in 
rapid detection of lower extremity edema in patients and possibly as a way to quantitatively track changes in 
edema status with time or treatment. However, the suitability of these thresholds is subject to future validation in 
persons with clearly defined lower extremity edema for which this report’s findings serve as an initial quantitative 
starting point.
(Cite this article as: Mayrovitz HN, Alvarez A, Labra M, Mikulka A, Woody D. Possible applications of norma-
tive lower to upper limb ratios of tissue dielectric constant to lower extremity edema. Int Angiol 2019;38:70-5. 
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However, with any of these methods, intrinsic variabil-
ity in absolute values among subjects makes it difficult to 
determine absolute reference values that define thresholds 
from which early abnormal fluid increases can be detected 
or suitably tracked. Further and perhaps more clinically 
important is the fact that there is no rapid and noninvasive 
method that can detect early changes in lower extremity 
fluid prior to visual or gross changes in tissue are present. 
If such a method were available, it is possible that it could 
be used as a routine check on lower extremity fluid status 
as indicated for given suspected or chronic conditions. It 
was thus the goal of this research to introduce such a simple 
noninvasive measurement procedure potentially useful to 
characterize lower extremity edema by providing norma-
tive values from which edema thresholds might emerge, 
reported herein for the first time. The measurement method 
and process to be discussed utilizes ratios of lower extrem-
ity to upper extremity TDC values to eliminate the need 
for inter-limb comparisons thereby allowing for the pos-
sibility to detect early fluid changes in either unilateral or 
bilateral incipient edema. It should be noted that as of now 
the method has not been used clinically as the present goal 
was to develop reference ratios which from which future 
clinical applications would utilize.

Materials and methods

Subjects

A total of 88 healthy adults (44 female), with no evidence 
of lower extremity edema, participated in this study as vol-
unteer subjects to develop the non-edematous reference 
leg/arm TDC ratios. Subjects participated after signing 
an approved Nova Southeastern University (NSU) insti-
tutional review board informed consent (#05241606F). To 
be included subjects needed to: 1) have no history of foot, 
leg or arm trauma that resulted in sustained swelling; 2) 
be free of any skin condition or open wound on foot, leg 
or arm; 3) not be taking any medication known to impact 
peripheral edema; and 4) not have diabetes. The dominant 
hand was the right hand in 90% of participants. Female 
ages (62.3±8.4 years; range 50-77 years) did not differ 
from males (62.3±8.4 years; range 50-77 years). Body 
Mass Indices (BMI) were greater in males than females 
(26.5±3.9 kg/m2 vs. 29.9±4.6 kg/m2, P<0.01).

Measurements

Measurements were done between the hours of 12:00 to 
2:00 p.m. while subjects were supine on a padded exami-
nation table with their arms resting at their sides and shoes 

Foot, ankle and lower leg edema occurs in a variety of 
conditions including congestive heart failure (CHF),1, 2 

lymphedema,3 diabetes-related,4, 5 kidney6, 7 or liver dis-
ease,8 venous hypertension,9 and drug-induced.10 Quantita-
tive assessment of edema is useful to determine treatment 
effectiveness in all forms of lower extremity edema includ-
ing trauma related edema,11 to track lymphedema and to 
track CHF progression in which peripheral edema may be 
one of a few components useful for CHF diagnosis.12 The 
protein content of CHF-related peripheral edema is report-
ed as very low13 so this edema is mainly due to increased 
interstitial fluid volume caused by elevated capillary filtra-
tion pressures. Peripheral edema has also been reported to 
be predictive of acute renal injury in a manner dependent 
on the level of assessed edema using edema grades 1-3.14

The clinical assessment of peripheral edema is largely 
tactile and visual. A significantly puffy and swollen limb 
with a smoothing of skin architecture and absence of visual-
ized surface veins is a visual part fairly descriptive of edema 
presence. The tactile part resides in the pressing of the skin 
with a non-standard pressure for a non-standard time15 and 
observing either the depth of the indentation or how long the 
skin indentation remains after release of the pressure. Based 
on a combination of the visual and tactile assessments it is 
usual to characterize the level of the edema present as 1+, 2+, 
3+, or 4+ with the numerical assignment subjectively based 
and dependent on the skill and experience of the evalua-
tor. There have been some successful efforts to create more 
objective measures for the assessment of limb edema most 
of which are mainly suitable for evaluating unilateral limb 
edema when edema has already progressed to being visually 
obvious compared to the other limb. Such methods include 
measuring limb volumes using water displacement or calcu-
lating limb volumes based on multiple limb circumference 
measurements done either manually or electronically16, 17 
and incorporating these measurements into a mathematical 
model representing the limb geometry.18-20

Bioimpedance measurement methods have also evolved 
that use single or multiple frequencies in which limb elec-
trical impedance ratios are used to judge the relative edema 
of the affected limb.21-23 This method depends on the ex-
pected lower electrical impedance of the limb with more 
accumulated fluid volume. The measurement incorporates 
all limb contents (muscle, bone connective tissue, fluid) 
and often is used to evaluate an entire limb or substantial 
part of a limb. Contrastingly, a method that may be used to 
assess local tissue water on part of the limb or in fact any 
external body part location uses the measurement of tissue 
dielectric constant (TDC).24-26
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tric constant (the real part of the complex permittivity). 
At the frequency used, the contribution of conductivity to 
permittivity is small, so TDC is mainly determined by wa-
ter molecules (free and bound). The device determines the 
dielectric constant that is proportional to tissue water. As a 
reference frame, distilled water at a temperature of 32 °C 
would have a dielectric constant of about 76. The compact 
device internally converts the measured TDC value to a 
percentage water, however for consistency to the literature 
all values herein reported are expressed as the unconverted 
TDC value. The TDC measurement procedure requires that 
the device sensor (20 mm diameter) at the tip of the hand-
held device be placed in contact with the skin for about 
5 seconds (Figure 1) whereupon the reading is displayed 
on the device readout. A built-in pressure sensor allows 
for reasonably consistent applied pressures to be achieved. 
Triplicate measurements were taken at each of the three 
sites, first at forearm, then leg and lastly foot dorsum. The 
average of the three measurements at each site was used 
and taken as representative of the site TDC value.

Statistical analysis

For purposes of analysis the following definitions were 
used. Absolute TDC values measured at arm, leg and foot 
are TDC_arm, TDC_leg and TDC_foot, respectively. 

and socks removed. Room temperature and relative hu-
midity of the room in which measurements were done was 
23.0±1.7 °C and 45.9±7.2% across all experiments. Three 
target measurement sites were marked on the subject’s self-
reported dominant side as illustrated in Figure 1; the ante-
rior forearm 5 cm distal to the antecubital fossa, the medial 
lower leg 6 cm proximal to the medial malleolus and on 
the foot dorsum between the 1st and 2nd toes just proximal 
to their union.

Skin temperatures at each of the sites was measured first 
using an infrared thermometer (Exergen, Watertown Main, 
Model DX501-RS). Skin temperature recorded for the en-
tire group at arm, leg and foot sites was 32.4±1.2, 31.0±1.4 
and 29.9±2.2 respectively. Afterwards, TDC was measured 
after the subject had been supine for 6±1 minute. The hand-
held battery-operated device used for TDC measurements 
was commercially available (MoistureMeterD Compact, 
Delfin, Kuopio, Finland) with an effective measurement 
depth of approximately two mm below the skin surface.27 
TDC values as indices of skin tissue water has been widely 
reported and validated in the literature.26, 28-31 Briefly, the 
probe acts as an open-ended coaxial transmission line 
through which a 300-MHz signal is transmitted. Reflected 
energy depend on the tissue’s complex permittivity, which 
in-turn depends on the signal frequency and tissue dielec-

Figure 1.—Tissue dielectric con-
stant (TDC) measuring sites. The 
two lower extremity sites (foot and 
leg) and the upper extremity fore-
arm site at which TDC values were 
obtained are shown.
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respectively, greater than TDC values at corresponding 
sites of females. TDC values among sites were not statisti-
cally different for either the female or the male group.

TDC ratios and thresholds

Lower-to-upper limb TDC ratios (foot/arm and leg/arm) 
for females and males are summarized in Table I. These 
two ratios do not statistically differ from each other for 
females (P>0.05) but did for males (P<0.01). However, 
neither ratio differed statistically between genders. Con-
sequently, an overall ratio that includes both male and 
female subjects can be calculated for each ratio (N.=88) 
resulting in ratios of foot/arm and leg/arm of 1.033±0.177 
and 1.016±0.154 respectively. If these combined gender 
data are used to calculate the 2SD threshold for each ratio 
the result for the foot/arm threshold ratio is 1.387 and for 
the LEG/ARM threshold ratio is 1.324. For practical pur-
poses these thresholds might be rounded-up to be 1.39 and 
1.33, respectively. These values may be compared to the 
gender and ratio specific thresholds shown in Table I that 
range from 1.28 to 1.40.

Discussion

A main goal of this study was to investigate the possibil-
ity of developing a potentially useful measurement pro-
cess that might be help in the detection and quantitative 
assessment of lower extremity edema that could be ap-
plied in a busy clinical setting. The approach adopted was 
to utilize lower and upper extremity TDC measurements, 
as reflective of relative tissue water, to provide normal 
reference values for foot/forearm and leg/forearm TDC 
ratios. Such ratios, along with their associated standard 
deviations, would then form the basis of thresholds such 
that lower extremity/upper extremity ratios that exceed 
these thresholds might indicate the likely presence of 
edema. Because there was virtually nothing known about 
such measured ratios it was important to include in the 
measurement process both young and mature subjects of 
both genders. As a consequence, although a main goal 
was to establish threshold reference ratios, additional 
gender related new information also evolved.

One additional finding is the clear and substantial dif-
ference that was observed in absolute TDC values between 
males and females with males showing greater values 
at arm, leg and foot that ranged from about 13% to 26% 
greater. Although some previous work has reported on 
male-female differences in TDC values as measured on 
the forearm, the data herein is the first to demonstrate this 

Lower to upper extremity ratios were calculated as TDC_
foot/TDC_arm and TDC_leg/TDC_arm. Statistical analy-
ses were done using SPSS v. 16. The distribution of each 
parameter was tested for normality using the Shapiro-Wilk 
test for each gender separately. Results of this test showed 
that the distribution of all male parameters was not signifi-
cantly different from Normal whereas only the TDC_arm 
and TDC_leg parameters were normally distributed by this 
test. Thus, subsequent tests for gender differences in these 
two parameters were based on independent non-paired t-
tests whereas all other gender comparisons were based on 
the non-parametric Mann-Whitney U-test. Differences in 
absolute TDC values among sites was tested for using the 
nonparametric Friedman test. Differences between ratios 
for the same gender were tested for using the Wilcoxon 
Signed Ranks test. With all tests a P value <0.05 was taken 
to indicate a statistically significant difference. Threshold 
TDC ratios were calculated for each gender by adding to 
the measured mean value of TDC_foot/TDC_arm and 
TDC_leg/TDC_arm a value equal to twice their respective 
standard deviations (2SD). This is an arbitrary threshold 
that represents a ratio that if exceeded would deviate from 
the norm sufficiently to suggest a high likelihood of lower 
extremity edema. Other threshold levels could be calcu-
lated using the measured values if desired.

Results

Absolute TDC values by gender and anatomical site

Absolute TDC values at each anatomical site in males was 
greater than that measured at corresponding sites in females 
(P<0.001) as summarized in Table I. On average, male TDC 
values at arm, leg and foot were 19.1%, 26.5% and 13.2%, 

Table I.—Composite tissue dielectric constant (TDC) values and 
ratios.

Parameter Female (N.=44) Male (N.=44)

Absolute TDC values
Arm 27.7±4.0 33.0±5.4*
Leg 27.5±4.6 34.8±6.5*
Foot 28.7±5.1 32.5±6.5*

TDC ratios
Foot/arm 1.042±0.160 0.990±0.144
Leg/arm 1.003±0.181 1.063±0.170

TDC ratio thresholds (mean+2SD)
Foot/arm 1.362 1.278
Leg/arm 1.305 1.403

Values are mean±SD for absolute TDC values and their ratios.
*P<0.001 male vs. female. Thresholds are the ratios which if exceeded represent 
a high likelihood of edema.



MAYROVITZ 	LO WER TO UPPER LIMB TISSUE DIELECTRIC CONSTANT RATIOS

74	 International Angiology	 February 2019 

References
1.  Yeboah J, Bertoni A, Qureshi W, Aggarwal S, Lima JA, Kawel-Boehm 
N, et al. Pedal Edema as an Indicator of Early Heart Failure in the Com-
munity: Prevalence and Associations With Cardiac Structure/Function 
and Natriuretic Peptides (MESA [Multiethnic Study of Atherosclerosis]). 
Circ Heart Fail 2016;9:e003415. 
2.  Breidthardt T, Irfan A, Klima T, Drexler B, Balmelli C, Arenja N, et al. 
Pathophysiology of lower extremity edema in acute heart failure revisited. 
Am J Med 2012;125:1124.e1–8. 
3.  Christenson JT, Hamad MM, Shawa NJ. Primary lymphedema of the 
leg: relationship between subcutaneous tissue pressure, intramuscular 
pressure and venous function. Lymphology 1985;18:86–9.
4.  Mayrovitz HN, McClymont A, Pandya N. Skin tissue water assessed 
via tissue dielectric constant measurements in persons with and without 
diabetes mellitus. Diabetes Technol Ther 2013;15:60–5. 
5.  Chao CY, Zheng YP, Cheing GL. The association between skin blood 
flow and edema on epidermal thickness in the diabetic foot. Diabetes 
Technol Ther 2012;14:602–9. 
6.  Chen C, Lee J, Johnson AE, Mark RG, Celi LA, Danziger J. Right Ven-
tricular Function, Peripheral Edema, and Acute Kidney Injury in Critical 
Illness. Kidney Int Rep 2017;2:1059–65. 
7.  Thanakitcharu P, Jirajan B. Early detection of subclinical edema in 
chronic kidney disease patients by bioelectrical impedance analysis. J 
Med Assoc Thai 2014;97(Suppl 11):S1–10.
8.  Pockros PJ, Reynolds TB. Rapid diuresis in patients with ascites from 
chronic liver disease: the importance of peripheral edema. Gastroenterol-
ogy 1986;90:1827–33. 
9.  Cesarone MR, Belcaro G, Nicolaides AN, Arkans E, Laurora G, De 
Sanctis MT, et al. The edema tester in the evaluation of swollen limbs in 
venous and lymphatic disease. Panminerva Med 1999;41:10–4.
10.  Makani H, Bangalore S, Romero J, Htyte N, Berrios RS, Makwana 
H, et al. Peripheral edema associated with calcium channel blockers: in-
cidence and withdrawal rate—a meta-analysis of randomized trials. J Hy-
pertens 2011;29:1270–80. 
11.  Rohner-Spengler M, Mannion AF, Babst R. Reliability and minimal 
detectable change for the figure-of-eight-20 method of, measurement of 
ankle edema. J Orthop Sports Phys Ther 2007;37:199–205. 
12.  Roalfe AK, Mant J, Doust JA, Barton P, Cowie MR, Glasziou P, et 
al. Development and initial validation of a simple clinical decision tool 
to predict the presence of heart failure in primary care: the MICE (Male, 
Infarction, Crepitations, Edema) rule. Eur J Heart Fail 2012;14:1000–8. 
13.  Witte CL, Witte MH, Dumont AE, Cole WR, Smith JR. Protein con-
tent in lymph and edema fluid in congestive heart failure. Circulation 
1969;40:623–30. 
14.  Chen KP, Cavender S, Lee J, Feng M, Mark RG, Celi LA, et al. Pe-
ripheral Edema, Central Venous Pressure, and Risk of AKI in Critical Ill-
ness. Clin J Am Soc Nephrol 2016;11:602–8. 
15.  Sanderson J, Tuttle N, Box R, Reul-Hirche HM, Laakso EL. The Pit-
ting Test; an Investigation of an Unstandardized Assessment of Lymph-
edema. Lymphology 2015;48:175–83.
16.  Mayrovitz HN, Sims N, Macdonald J. Assessment of limb volume 
by manual and automated methods in patients with limb edema or lymph-
edema. Adv Skin Wound Care 2000;13:272–6.
17.  Sharkey AR, King SW, Kuo RY, Bickerton SB, Ramsden AJ, Furniss 
D. Measuring Limb Volume: Accuracy and Reliability of Tape Measure-
ment Versus Perometer Measurement. Lymphat Res Biol 2018;16:182–6. 
18.  Casley-Smith JR. Measuring and representing peripheral oedema and 
its alterations. Lymphology 1994;27:56–70.
19.  Mayrovitz HN. Limb volume estimates based on limb elliptical vs. 
circular cross section models. Lymphology 2003;36:140–3.
20.  Taylor R, Jayasinghe UW, Koelmeyer L, Ung O, Boyages J. Reliabil-
ity and validity of arm volume measurements for assessment of lymph-
edema. Phys Ther 2006;86:205–14.

male-female difference at other anatomical sites. The prior 
reported TDC measurements on the forearm32 indicated 
male TDC values to be greater by 14.8% to 22% depending 
on measuring depth a feature that was potentially related to 
skin-thickness differences between genders. These forearm 
differences are consistent with the present findings.

With respect to the main goal of the present study, the 
threshold ratios herein determined based on the mean of 
the lower/upper extremity TDC ratio plus two standard 
deviations were shown to vary only slightly depending 
on anatomical site and gender. The choice of which ratio 
to utilize clinically depends on which ratio is being em-
ployed with specific values available in Table I. It should 
be noted that these threshold ratios are specifically based 
on values that are 2SD greater than the measured mean. In 
certain situations, there may be reasons to use a more con-
servative estimate by considering thresholds 2.5 or 3.0 SD 
above the mean. This is a judgement call that in general 
would be dependent on the application of the measure-
ment and up to the clinician to decide. The present data 
set provides the basic information from which these other 
thresholds may easily be determined. Further, the suitabil-
ity of these thresholds is subject to future assessments as 
to their applicability in persons with clearly defined low-
er extremity edema as would be present in persons with 
edema related complications of congestive heart failure, 
lower extremity lymphedema and chronic venous hyper-
tension. The present data is aimed at serving as the initial 
quantitative starting points for such determinations.

Conclusions

This study describes a new measurement process poten-
tially useful to detect and track lower extremity edema 
rapidly and non-invasively. The approach uses upper and 
lower extremity TDC measurements to provide normative 
values for foot/forearm and leg/forearm TDC ratios in 
persons of both genders. These ratios, along with their as-
sociated standard deviations, form the basis of calculated 
thresholds such that lower extremity/upper extremity ra-
tios that exceed these thresholds would indicate the likely 
presence of edema. The suitability of these thresholds is 
subject to future assessments as to their applicability in 
persons with clearly defined lower extremity edema as 
would be present in persons with edema related complica-
tions of congestive heart failure, lower extremity lymph-
edema and chronic venous hypertension. The present 
data is aimed at serving as the initial quantitative starting 
points for such determinations.
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