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ABSTRACT

AIM：Although many chair-bound elderly individuals suffer from leg oedema, many physicians and nurses do not

place much emphasis on this condition because leg oedema usually decreases after sleeping. The aims of this

study were to examine whether recumbent position at night reduces leg oedema in chair-bound elderly

individuals and whether the effect of recumbent position depends on different parts of the leg.

METHODS：Participants included in this longitudinal observational study were elderly individuals of a nursing

home. Leg circumference measurements, pitting tests and subcutaneous echo-free space（SEFS）grades using

ultrasonography were recorded in the dorsum pedis, ankle joint, distal and proximal lower limbs, and thigh（only

the leg circumference measurements and pitting test）before and after recumbent position.

RESULTS：A total of 13 participants who were over 65 years old were recruited for this study. The leg

circumference decreased after recumbent position. Pitting oedema and SEFS also decreased at some sites in the

leg after recumbent position, but oedema remained after recumbent position, especially in the dorsum pedis and

distal lower limbs.

CONCLUSION：Oedema of the leg decreased after recumbent position at night. However, the leg oedema

remained in chair-bound elderly individuals without showing any improvement, even after recumbent position at

night. New treatments are needed for leg oedema, particularly ones that have an effect on the distal lower limbs

and dorsum pedis.
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BACKGROUND

Leg oedema is likely to occur and become chronic

among the elderly due to their lower levels of physical

activity and periods of prolonged sitting, along with

various other environmental and physical factors of

ageing, such as a decline in cardiovascular function,

lower limb muscle pumping, increased skin tension and

a decline in nutritional status. In Japan, the prevalence of

oedema throughout the body is 66.2% for patients in

long-term care facilities, with most of the oedema

occurring in the legs1）, and the prevalence of leg oedema

in the elderly was 75% and that of the chair-bound

elderly was 92%2）. Among the elderly, those who are

chair-bound are more likely to have leg oedema.

Although numerous problems associated with chronic

leg oedema have been reported in the elderly, many

medical and nursing professions do not place much

emphasis on this condition because leg oedema usually

decreases after sleeping. Leg oedema causes lethargy

and listlessness3,4）. It not only reduces physical activity

and the willingness to be active but also may increase

the risk of falling due to an impaired range of movement

in the ankle5）. Numerous studies have also shown that

leg oedema has a large impact on the quality of life

（QOL）in the elderly as they become more susceptible

to skin injuries, such as pressure ulcers6） and skin

tears7,8）, through the increasing fragility of their skin.

Proper relief for chronic leg oedema is therefore

important for improving the safety and comfort of

elderly individuals while maintaining their QOL. Howev-

er, their oedema is less likely to be under control

compared to the oedema of those under 65 years old9）.

Similarly, a large number of elderly individuals have not

received any specific treatment for oedema10）. There-

fore, we need to demonstrate the importance of the care

for chronic leg oedema among the elderly using

objective data.

Previous studies have found that the leg oedema in

chair-bound elderly individuals worsened over time.

Kitamura reported that the leg circumferences of

chair-bound elderly individuals increased significantly

over time11,12） and that a number of subjective leg

symptoms, such as the feeling of swelling, heaviness and

awkwardness when moving the leg, increased signifi-

cantly over time among the chair-bound elderly12）.

However, no studies have assessed whether leg

oedema decreases in chair-bound elderly individuals

after recumbent position at night. As oedema from

sitting is strongly affected by gravity, a reduction in

swelling can be expected with recumbency at night.

However, the degree of reduction is not yet known. If

the oedema is not sufficiently reduced when the

individuals are laying down to sleep at night, the need

for care is clear. The aims of this study were to examine

whether recumbent position at night effectively reduces

leg oedema in chair-bound elderly individuals and to

examine whether the effect varies according to different

parts of the leg.

METHODS

1．Study design and participants

This study had a longitudinal observational design

and was conducted between March 2015 and July 2015

at a special nursing home for the elderly in Ishikawa

Prefecture, Japan.

The participants in this study included elderly

residents of the special nursing home for the elderly who

were ≥65 years old. The inclusion criteria for this study

are as follows：i ）chronic leg oedema, which was

defined as persistent swelling of the lower limb for more

than 2 weeks and ii）sitting for a longer period than

standing during the daytime. The exclusion criteria are

as follows：i）a poor general condition by a nurseHs

judgement and ii ）an inability to obtain informed

consent from the individual and/or their family mem-

bers.

The ethics committee of Kanazawa University

approved this study（permit no. 556-1）, and all of the

participants or their family members gave informed

written consent.

2．Methods

Leg circumference measurements, pitting tests and

ultrasonography were recorded for all of the study

participants before and after recumbent position. Each

set of observations required approximately 50 min, and

all of the measurements were taken while the partici-

pants were in a supine position.

1）Leg circumference

Measuring the leg circumference is one of the
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methods used to determine the severity of oedema, the

appropriate treatment, and the effectiveness of

treatment13）. This measurement is the most widely used

method because it is easy and reliable13）. In this study,

repeated training was performed until the investigator

was able to take accurate measurements（the intraclass

correlation coefficient（ICC（1,1））was 0.999）, and all

of the measurements were made by the same investiga-

tor. Measurements were taken for both the right and left

sides at the following sites（a total of 10 sites）：dorsum

pedis, ankle joint, distal lower limb, proximal lower limb,

and thigh（Fig. 1）.

2）Pitting test

Pitting indicates the presence of excess interstitial

fluid, and the depth of indentation reflects the severity of

the oedema13）. The pitting test was conducted as it was

described in a previous study14）. The investigator

applied an even amount of pressure on the measuring

site with the right thumb for 10 seconds, and the depth

of pitting was then assessed. The depth of pitting was

measured using the physical examination method with a

5-point grading scale：0：0 mm；1+：≤2 mm；2+：

≤4 mm；3+：≤6 mm；and 4+：>6 mm15）. Repeated

training was conducted until the investigator was able

to apply a consistent pressure（ICC（1,1）：0.923）, and

all of the measurements were made by the same

investigator. Measurements were taken for both the

right and left sides at the following sites（a total of 30

sites）：dorsum pedis, lateral and medial ankle joints,

distal lower limbs（ anterior, posterior, lateral, and

medial ）, proximal lower limbs（ anterior, posterior,

lateral, and medial ）and thighs（ anterior, posterior,

lateral, and medial）（Fig. 1）.

3）Ultrasonography

Ultrasonography is useful for assessing leg oedema

because it can assess fluid accumulation16−18）,

inflammation16,17,19）, and fibrosis19）. In this study, it was

used to assess fluid accumulation. Both the right and left

sides of the following sites were recorded by ultraso-

nography（a total of 22 sites）：dorsum pedis, lateral

and medial ankle joints, distal lower limbs（anterior,

posterior, lateral, and medial）and proximal lower limbs

（anterior, posterior, lateral, and medial）（Fig. 1）. We

did not measure their thighs by ultrasonography

because the images of this site did not change between

before and after recumbent position. An ultrasound

device（Noblus；Hitachi Medical, Tokyo, Japan）was

used for the imaging. Using a 15 MHz to 18 MHz linear

probe（L64）, the setting was standardized as follows：

gain：15；dynamic range：70 dB；and focus：0.5 cm.

The probe was placed in the dorsum pedis on the

short-axis view, with the other sites on the long-axis

views. Repeated training in ultrasound imaging techni-

ques was performed by the investigator beforehand, and

the same investigator took all of the images.

4）ParticipantsHcharacteristics

The following information was collected from the

medical records of the participants：age, gender, past

and current medical histories, body mass index（BMI）,

total protein（TP）, serum albumin（Alb）, and status of

drug intake. The following anthropometric measure-

ments were taken：triceps skin folds（ TSF ）, arm

circumference（AC）, and arm muscle circumference

（AMC）.

5）Exogenous variables

Daytime sitting and recumbent hours were deter-

mined through participant observation. Night-time

sitting and recumbent hours were determined by

interviewing the nursing staff and through information

gathered by placing a sheet sensor（Nemuri Scan；

Paramount Bed, Tokyo, Japan）20） under the mattress,

which recorded the time that the individual spent in bed.
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Fig. 1 Measurement sites

Blue circle indicates sites of leg circumference, pitting

test and ultrasonography, and red indicates sites of leg

circumference and pitting test.



3．Analysis

1）Leg circumference

The leg circumference was determined by calculating

the medians on the right and left sides of each

participant. We compared the differences before and

after recumbent position.

2）Degree of pitting

We defined ≥2 + as the presence of oedema and

assessed the degree of oedema for each site. We

compared differences before and after recumbent position.

3）Ultrasonography

The subcutaneous echo-free space（ SEFS）grade

was used for the assessment17,18）. SEFS indicated the

accumulation of fluid in the subcutaneous tissue and

serves as a direct indicator that allows for the

determination of the presence and severity of oedema.

In this study, the grading range was between grade 0

and grade 2. A higher grade indicated a higher level of

intercellular fluid accumulation or more severe oedema.

We defined grade 1 or grade 2 as the presence of

oedema and counted the degree of oedema for each site.

The validity of the grading was ensured by verifying the

consistency of the investigatorHs assessments with those

of an expert in ultrasonography of the lower limb.

4．Statistical analysis

For the analysis of the leg circumference, the

Wilcoxon signed-rank test with Bonferroni correction

was performed to determine the extent of the difference

between before and after recumbent position. SPSS

version 22 software（IBM-SPSS, Inc. Chicago, IL, USA）

was used for the statistical analysis, and the level of

significance was set at 5%. For the degree of pitting and

ultrasonography, we calculated the percentage of

participants who had oedema and compared it between

before and after recumbent position.

RESULTS

1．Participants-characteristics

All 104 individuals of the nursing home were assessed

to determine whether they were eligible to participate

in the study. A total of 16 participants were recruited

after excluding those who did not meet all of the

inclusion criteria or who met any of the exclusion

criteria. An additional 3 participants were subsequently

excluded due to the following reasons：death（n=1）,

refusal to participate（n=1）, and missing data（n=1）.

Therefore, a total of 13 participants were included in the

analysis（Fig. 2）. The demographic data of the partici-

pants are shown in Table 1. The median age and median

BMI were 85 years（interquartile range（IQR）：82-92

years）and 21.0 kg/m2（IQR：18.8-22.5 kg/m2）, respec-

tively. In terms of gender, 10 of the participants（76.9%）

were women. According to the International Statistical

Classification of Diseases and Related Health Problems

Tenth Revision（ICD-10）, the majority of participants

（8 participants；61. 5%）had mental and behavioural

disorders. The next most common disease was disease of

the circulatory system（7 participants；53.8%）, and one

of these patients suffered from heart failure. While none

of the participants were taking diuretics, 7 participants

（53.8%）were taking medications for which oedema was

reported to be a side effect. The median daily sitting

time of the participants was 9 h 45 min.

2．The change in leg circumference（Table 2）

The median leg circumference after recumbent

position was decreased compared to that before

recumbent position in all of the sites. In the Wilcoxon

signed-rank test with Bonferroni correction, the median

leg circumference after recumbent position was signifi-

cantly lower than that before recumbent position in the

dorsum pedis, ankle joints, distal lower limbs, and

proximal lower limbs（p<0.05）.

3．The change of pitting oedema sites ≥2 +（Table 3）

After recumbent position, the number of pitting
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All residents of the 
nursing home (n=104) 

Participants (n=16) 

Analysis (n=13) 

Exclusion (n=88)
 Not sitting more time during day (n=53) 
 Inability to obtain informed consent (n=34) 
 Not chronic oedema (n=1) 

Exclusion (n=3)
 Death (n=1) 
 Refuse to participate (n=1) 
 Missing data (n=1)

Fig. 2 Flow chart of participants



oedema sites ≥2 + decreased in the dorsum pedis, lateral

and medial ankle joints, posterior and medial distal

lower limbs, lateral proximal lower limbs, and anterior

and posterior thighs. However, pitting oedema sites

remained after recumbent position and were observed

at the dorsum pedis, lateral and medial ankle joints,

anterior, posterior, lateral, and medial distal lower limbs,

and posterior proximal lower limbs.

4．The change in the SEFS（Table 4）

The number of sites with SEFS decreased at night
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Table 1 The demographic data of the individuals included in the study.

N % Median IQR

Age 85 82-92

Sex

Male 3 23.1

Female 10 76.9

BMI（kg/m2） 21.0 18.8-22.5

ICD-10

Mental and behavioural disorders 8 61.5

Diseases of the circulatory system 7 53.8

Endocrine, nutritional and metabolic diseases 3 23.1

Diseases of the digestive system 1 7.7

Diseases of the genitourinary system 1 7.7

Medicine

Diuretics 0 0

Medications with oedema as a reported side effect 7 53.8

Sitting time 9 h 45 min 8 h 50 min-11 h 45 min

Recumbent time 12 h 50 min 10 h 30 min-14 h 20 min

TSF（mm） 9.7 8.0-18.3

AMC（cm） 20.2 19.2-20.5

TP（g/dl）a 7.0 6.9-7.1

Alb（g/dl）b 3.6 3.5-3.9

N=13. aN=9；bN=11.

IQR：interquartile range；ICD-10：International Statistical Classification of Diseases and Related Health

Problems, Tenth Revision；TSF：triceps skin folds；AMC：arm muscle circumference；TP：total protein；

Alb：serum albumin.

Table 2 The change in the leg circumferences of the individuals from before recumbent position

to after recumbent position.

Before recumbent position

Median（IQR）cm

After recumbent position

Median（IQR）cm
p

Dorsum pedis 22.0（21.8-22.8） 21.7（21.4-22.0） <0.05

Ankle joints 24.5（24.1-25.0） 24.1（23.6-24.3） <0.05

Distal lower limbs 21.3（21.2-21.9） 20.8（20.7-21.2） <0.05

Proximal lower limbs 28.2（28.2-29.0） 27.2（27.0-27.9） <0.05

Thigh 36.1（35.2-36.4） 35.3（34.8-36.2） n.p.

IQR：interquartile range.



while the individuals took recumbent position, except

for the proximal medial lower limb. However, the SEFS

remained after the individuals took laying recumbent

position, and it was observed in over half of the sites in

the dorsum pedis, lateral and medial ankle joints and

posterior distal lower limbs after recumbent position.

DISCUSSION

Our findings indicate that recumbent position did not

fully relieve oedema by itself. In this study, the leg

circumference in chair-bound elderly individuals was

improved with recumbency. However, pitting oedema

sites ≥2 + and sites with SEFS grades 1 and 2 remained
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Table 3 The change of pitting oedema sites ≥2 + of the patients from before recumbent position to after

recumbent position.

Before recumbent position

Number of sites
%

After recumbent position

Number of sites
%

Dorsum pedis 13 50.0 4 15.4

Lateral ankle joints 5 19.2 2 7.7

Medial ankle joints 7 26.9 4 15.4

Anterior distal lower limbs 1 3.8 1 3.8

Posterior distal lower limbs 4 15.4 5 19.2

Lateral distal lower limbs 2 7.7 2 7.7

Medial distal lower limbs 6 23.1 3 11.5

Anterior proximal lower limbs 0 0.0 0 0.0

Posterior proximal lower limbs 1 3.8 1 3.8

Lateral proximal lower limbs 1 3.8 0 0.0

Medial proximal lower limbs 0 0.0 0 0.0

Anterior thigh 1 3.8 0 0.0

Posterior thigh 1 3.8 0 0.0

Lateral thigh 0 0.0 0 0.0

Medial thigh 0 0.0 0 0.0

Table 4 The change in the SEFS of the patients from before recumbent position to after recumbent position.

Before recumbent position

Number of sites
%

After recumbent position

Number of sites
%

Dorsum pedis 26 100.0 23 88.5

Lateral ankle joints 22 84.6 14 53.8

Medial ankle joints 22 84.6 19 73.1

Anterior distal lower limbs 13 50.0 8 30.8

Posterior distal lower limbs 17 65.4 15 57.7

Lateral distal lower limbs 17 65.4 3 11.5

Medial distal lower limbs 14 53.8 7 26.9

Anterior proximal lower limbs 4 15.4 2 7.7

Posterior proximal lower limbs 13 50.0 10 38.5

Lateral proximal lower limbs 9 34.6 3 11.5

Medial proximal lower limbs 5 19.2 5 19.2



after recumbent position. Many medical and nursing

professions do not place much emphasis on leg oedema

because it usually decreases after sleeping, but leg

oedema is present after recumbent position. Therefore,

we need to identify better treatments for leg oedema in

chair-bound elderly individuals.

The changes in the degree of oedema observed in this

study were due to prolonged sitting. In general, heart

failure is known to cause oedema21）, but only one

participant in this study had been diagnosed with heart

failure. Furthermore, no participants had cancer or liver

or kidney disorders. In addition, the lowest Alb level of

any of the individuals was 2. 8 g/dl. While some

participants had Alb levels below average, the concen-

trations remained above 2.5 g/dl, which is the level at

which oedema arises due to malnutrition. For the

participants without Alb data, only 1 participant showed

a below average BMI, TSF and AMC. The chronic leg

oedema observed among the participants in this study

was thus attributed to physical changes associated with

ageing. Sodium, along with hormones, could also play a

role in the oedema, but there were no data on these

parameters in the participants. However, since the

degree of oedema was alleviated by recumbent position

at night, the oedema was considered to be very likely

caused by the reduced venous and lymphatic refluxes

that result from prolonged sitting.

Based on the results of this study, the leg oedema in

chair-bound elderly individuals did not improve after

recumbent position. In this study, the leg circumfer-

ences decreased by 0.3 cm in the dorsum pedis,

decreased by 0.6 cm in the ankle joints, and decreased

by 0.5-1.0 cm in the lower limbs. In a previous study,

the leg circumferences of chair-bound elderly indi-

viduals increased by 0.8-0.9 cm in the dorsum pedis,

increased by 0.5-0.6 cm in the ankle joints, and

increased by 1.1-1.2 cm in the lower limbs11）. Therefore,

recumbent position would be effective in reducing leg

oedema. However, pitting oedema and SEFS were

shown in the dorsum pedis, ankle joints, and lower limbs

after recumbent position. Because pitting oedema and

SEFS are not normally observed in the subcutaneous

tissue of the legs of healthy adults after sleeping, these

findings indicate that the leg oedema in chair-bound

elderly individuals is chronic and severe. Leg oedema

remained in the chair-bound elderly individuals, and

this condition may greatly affect the QOL of this patient

population12）, as lethargy and listlessness decrease their

levels of daytime activity.

The present study indicates that palliative treatment

for oedema of the distal lower limbs and dorsum pedis

may be necessary for chair-bound elderly individuals.

After recumbent position, the study participants experi-

enced a greater pitting oedema of 2+ or SEFS of the

distal lower limbs and dorsum pedis. Leg oedema is

known to impair the range of movement of the ankle5）.

An impaired range of movement of the ankle may, in

turn, affect transfer motions and upright activities,

possibly leading to falls during daily activities. Oedema

relief in the distal lower limbs and dorsum pedis is

important for chair-bound elderly individuals so that

they can maintain their activities of daily living.

There are some limitations to this study. Because each

participant was observed for only one day, the degree of

change in the levels of oedema with continuous

observation over the long-term remains unknown.

Maintaining a prolonged sitting position may con-

tinuously aggravate the degree of oedema. If that is the

case, the need for oedema relief care will become even

more important. A long-term study is needed to clarify

the need for this type of care. Additionally, the number

of participants used in this study was small because the

study was conducted at one facility to unify the sitting

time. Furthermore, our participants were chair-bound

elderly individuals, and elderly individuals who have a

loss of mobility may not apply to this population.

CONCLUSION

We compared the degree of oedema and the effect

that recumbent position has in chair-bound elderly

individuals because many medical and nursing profes-

sions do not place much emphasis on this condition

because leg oedema usually decreases after sleeping. In

the results of this study, the leg oedema of these

individuals decreased after recumbent position. Howev-

er, leg oedema remained in the chair-bound elderly

individuals even after recumbent position, and their

oedema did not improve. Thus, a better treatment for

leg oedema, particularly in the distal lower limbs and

dorsum pedis, is required.
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要 旨

座位をとる高齢者の多くが下C浮腫を有しているにも関わらず，夜間臥床により浮腫が軽減することから，浮腫

ケアに重点がおかれていない現状がある。本研究の目的は，夜間臥床により下C浮腫は軽減するのかどうかを評価

すること，および下Cの部位によって夜間臥床の効果は異なるのかどうかを評価することである。

研究デザインは縦断的観察研究で，対象者は特別養護老人ホーム 1施設に入所する高齢者 13 名とした。夜間臥床

前後に，下Cの周囲径測定，圧痕検査，超音波検査を用いた皮下組織内の水分貯留状況の評価（SEFS）を行った。

周囲径測定では，夜間臥床によって周囲径の減少が認められた。圧痕検査および SEFS では，下Cの数か所で浮

腫の軽減が認められたが，浮腫が完全になくなることはなく，特に足背と下C遠位に浮腫が残る結果となった。

夜間臥床により浮腫は軽減するが，浮腫がなくなることはない。そのため，座位をとる高齢者に対する下腿浮腫，

特に足背と下C遠位の浮腫に対するケアの必要性が示された。
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