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Abstract 
Background and Purpose: Walking difficulties are defined as any reduction 
in speed, balance, or change of gait, causing limited ambulation. These diffi-
culties are a common problem in older adults and may greatly affect their 
quality of life (QOL) and restrict their personal independence and participa-
tion. This study aimed to determine the effect of intermittent pneumatic 
compression (IPC) on lower leg pain, walking capacity, functional mobility, 
ankle range of motion (AROM), and QOL of community-dwelling older people 
with walking difficulties. Methods: In this randomized controlled trial, 34 el-
igible participants with self-reported lower limb pain and limited ambulation 
were randomized either to the intermittent pneumatic compression interven-
tion group (IPCIG) or static compression control group (SCCG). The IPCIG 
and SCCG were trained to receive IPC and SC respectively for both lower legs 
and instructed to continue the application independently at home for 15 mi-
nutes per session, 2 sessions a day, 7 days per week for 4 weeks independently 
at the home. Outcome measures of lower leg pain, AROM, walking capacity, 
and functional mobility were assessed at baseline and at the first, second, 
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third, and fourth weeks after randomization. Quality of life was assessed at 
baseline and immediately after the intervention. Results and Discussion: 
IPCIG showed a more significant improvement compared to the SCCG at the 
post-interventional stage for QOL and all the subscales. The findings show 
that “80% improved QOL” is 53% higher with the application of IPC than 
with SC for 4 weeks. The IPCIG showed a more significant improvement in 
the 6-minute walk test (6 MWT) at the third and fourth weeks compared to 
the SCCG. A pairwise comparison of mean values of 6 MWT over 4 weeks 
within the IPCIG showed a significant difference between all the weeks. Pair-
wise comparisons between groups at each time point showed that the IPCIG 
showed a more significant improvement in the timed up and go (TUG) test at 
the third and fourth weeks compared to the SCCG. Pairwise comparison of 
mean values of TUG test within the IPCIG showed a significant difference 
over 4 weeks, except between the second and third weeks, fourth week, and 
third and fourth weeks. The IPCIG showed a more significant improvement 
in lower leg pain between all weeks except the first week compared to the 
SCCG. Pairwise comparison of mean values of lower leg pain over 4 weeks 
within the IPCIG showed a significant difference among all weekly outcomes 
except between 1 and 2 weeks. The IPCIG showed a more significant im-
provement in left and right ankle dorsiflexion ROM at the third and fourth 
weeks compared to the SCCG. Conclusions: The IPC was effective in reduc-
ing lower leg pain and increasing the AROM and improving the walking ca-
pacity, functional mobility level, and QOL of community-dwelling older 
people with walking disabilities. Walking disability in old age is a common 
condition requiring physical therapy. Intermittent pneumatic compression 
can be used as a physical therapy modality for this patient group.  
 

Keywords 
Intermittent Pneumatic Compression, Functional Level, Quality of Life,  
Older Adults, Limited Ambulation, Leg Pain 

 

1. Introduction 

Walking is a common activity of daily living and a significantly complex task. It 
involves all levels of the nervous system and many parts of the musculoskeletal 
and cardiorespiratory systems [1]. Walking difficulties can be defined as any re-
duction of speed or balance or change in gait, causing limited ambulation. These 
difficulties are a common problem in older adults [2] [3] [4] [5] [6]. Walking 
disability develops gradually, and many older adults are referred (or self-refer) to 
a geriatric specialist because of their mobility problems [1]. The prevalence of 
gait and balance disorders markedly increases with age, from approximately 10% 
between the ages of 60 and 69 years to more than 60% in those aged over 80 
years. 7 gait impairments and walking difficulties may greatly affect the quality 
of life (QOL) of older adults [7] and restrict the personal independence of those 
affected [2] [3] [4] [5] [6]. 
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The number of older individuals is increasing rapidly worldwide. By 2050, the 
world’s population aged 60 years and older is expected to reach 2 billion, up 
from 900 million in 2015. Aging may be a reason a person experiences “care de-
pendence,” which arises when the functional ability has fallen to a point where 
an individual is no longer able to perform the basic tasks necessary for daily life 
without the assistance of others [8]. Among other reasons, one of the major rea-
sons for older adults’ dependency is their difficulty in walking. In the context of 
development and economy, old-age dependence is generally portrayed as a neg-
ative state, resulting in the transfer of benefits from younger, presumably more 
productive generations to older ones. This worldwide problem can be addressed 
if the state of dependency among older adults can be reduced by preventing 
walking difficulties and improving walking ability, functional level, QOL, and 
level of participation. 

Engaging in physical activity across the life course has many benefits, includ-
ing increased longevity. For example, a recent pooled analysis of large longitu-
dinal studies has found that people who engaged in 150 minutes per week of 
physical activity at moderate intensity had a 31% reduction in mortality com-
pared with those who were less active. The benefit was greatest in those older 
than 60 years [9]. Physical activity has multiple other benefits in older age. These 
include improving physical and mental capacities (e.g., by maintaining muscle 
strength and cognitive function, reducing anxiety and depression, and improv-
ing self-esteem), preventing disease and reducing risk (e.g., of coronary heart 
disease, diabetes, and stroke), and improving social outcomes (e.g., by increasing 
community involvement and maintaining social networks and intergenerational 
links). These benefits are substantial. For example, both cross-sectional and lon-
gitudinal studies have suggested a 50% reduction in the relative risk of develop-
ing functional limitations among individuals performing regular and mod-
erate-intensity physical activity [10] [11]. Physical activity also appears to pre-
serve, and may even improve, cognitive function in people without dementia 
[10] [12], reducing cognitive decline by approximately one-third [13]. In addi-
tion, physical activity protects against some of the most important health condi-
tions in older adults. Physical inactivity may account for up to 20% of the popu-
lation-attributable risk of dementia, and it has been estimated that 10 million 
new cases globally might be avoided each year if older adults meet the recom-
mendations for physical activity [14]. Similarly, stroke causes some of the great-
est burdens of disease in older age, and moderate physical activity may reduce 
the risk by 11% - 15%, and vigorous physical activity has even greater benefits, 
reducing the risk by 19% - 22% [15]. Walking is the most commonly used aero-
bic physical activity and the main mode of aerobic exercise among older adults. 
Therefore, improving the walking ability of older adults would be an important 
intervention to achieve most of the abovementioned health and social benefits. It 
is difficult to address these issues without sufficient functional levels. Interven-
tions to improve walking have historically been multifactorial. Commonly used 
exercise interventions in older adults include muscle strengthening, power and 
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resistance training, and coordination training [16]. However, these multifactori-
al impairment-based programs have resulted in only modest improvements in 
walking (e.g., an approximate 5% increase in gait speed, with a range of 0% - 
16%) [17]-[28]. Therefore, there is a need to identify interventions that may be 
useful in improving walking capacity, functional level, and QOL and that can be 
applied simply to the older adult population. 

Intermittent pneumatic compression (IPC) is an emerging modality of com-
pression therapy that uses a mechanical device to deliver compression to limbs. 
An Intermittent pneumatic compression (IPC) device is composed of an inflata-
ble garment consisting of one or more pressure compartments that wrap around 
the limb or the intended body part, and a pneumatic pump that fills the garment 
with compressed air. The garment is intermittently inflated and deflated with 
cycle times and pressures that vary between devices [29]. IPC is a possible solu-
tion for improving walking capacity, functional level, and QOL that can be ap-
plied simply to the older adult population. One of the main causes of limited 
ambulation in older adults is lower leg pain, which is associated with swelling of 
the lower leg, ankle, and foot, muscular spasms of the lower leg and foot, and 
reduction of the ankle range of motion (AROM). Massage has a positive effect 
on reducing the above factors and, hence, lowers leg pain [30] [31]. The applica-
tion of IPC provides a massage effect for the muscles of the lower leg, which 
would alleviate lower leg pain and associated factors. Static compression gar-
ments are a conventional method used to reduce leg pain and associated factors, 
including swelling of the calf, ankle, and foot and muscular spasms of the calf 
and foot. However, it has been identified that the use of compression garments is 
less effective [32]. 

However, studies investigating the effects of IPC application to the lower leg 
are scarce. Some studies have reported the effect of pneumatic compression on 
walking capacity and QOL of patients with intermittent claudication [33] There-
fore, an intervention such as IPC to the lower leg muscles, which may optimize 
walking capacity, functional mobility, and QOL, is a logical intervention for old-
er persons with walking difficulties. However, the effect of IPC on the lower leg 
muscles at the functional level and QOL in community-dwelling older adults has 
not been investigated. Therefore, this study aimed to investigate the effect of IPC 
application on walking capacity, functional mobility, and QOL in communi-
ty-dwelling older people with walking disabilities. The effect of IPC on lower leg 
pain and AROM was also studied. 

2. Methods 
2.1. Design Overview 

This study was a randomized controlled trial. Ethical approval was obtained 
from the Ethics Review Committee of the Chartered Society of Physiotherapy, 
Sri Lanka (CSPERC 003/2019). Sample size was decided based on previous stu-
dies as there have been no studies conducted in this specific area. [29] [30] [31]. 
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The protocol was registered in the clinical trial registry of the World Disability 
and Rehabilitation Professionals’ Association (WDRPACTR 2019/001). 

2.2. Study Setting 

This study was conducted at three medical offices in the health areas of Kegalle 
District in Sri Lanka. Participants were screened and enrolled in August, and the 
study was completed in September 2019. Individuals aged > 60 years with self- 
reported lower leg pain and walking difficulties were recruited. 

The inclusion criteria were as follows: patients (1) with self-reported lower 
limb pain and walking difficulty; (2) currently seeking care for pain and walking 
difficulties; (3) aged > 60 years; and (4) able to understand instructions The ex-
clusion criterion were as follows: (1) patients with acute pulmonary edema; (2) 
acute thrombophlebitis; (3) acute congestive cardiac failure; (4) acute infections; 
(5) deep vein thrombosis; (6) episodes of pulmonary embolism; (6) wounds, le-
sions, or tumors at or near the site of application, where increased venous and 
lymphatic returns are undesirable; (7) bone fractures or dislocations at or near 
the application site; (8) pregnant and postnatal women; (9) patients using im-
plantable equipment, such as cardiac pacemakers; (10) patients with skeletal in-
juries and diseases; (11) patients with cancer; (12) patients with high blood 
pressure or abnormal blood pressure; (13) patients with severe atherosclerosis or 
other ischemic vascular diseases; (14) patients with severe congestive cardiac 
failure; (15) patients with existing pulmonary embolism; (16) patients with ex-
treme deformity of the limbs limited to gangrene, untreated or infected wounds, 
recent skin grafts, and dermatitis; (17) patients with known malignancy in the 
legs; (18) patients with limb infections, including cellulitis, not receiving antibi-
otic treatment; and (19) patients with lymphangiosarcoma. 

Four recruitment strategies were used to optimize the participation: dissemi-
nating recruitment notices; obtaining the information of potential participants 
through public health midwives, public health inspectors, and social service of-
ficers; displaying recruitment notices in public places; and using a consecutive 
sampling method. 

2.3. Randomization and Interventions 

Participants volunteered and were screened to determine their eligibility, based 
on the inclusion criteria described above, by an independent investigator. Once 
the inclusion criteria were met, the participants were enrolled with their signed 
informed consent form. Participants were randomly assigned to the intermittent 
pneumatic compression intervention group (IPCIG) or static compression con-
trol group (SCCG) using a computer-generated randomization table. All of the 
individual allocations were placed in sealed envelopes. Enrollment, randomiza-
tion, and generation of the random allocation were performed by independent 
investigators who did not participate in the outcome measures and data collec-
tion. 
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2.4. Intermittent Pneumatic Compression Intervention Group 

Participants in the IPCIG received instructions and were trained by a physiothe-
rapist on the application of IPC to both the lower legs for 15 minutes per session, 
twice a day, 7 days per week for 4 weeks using the SpryngTM Calf Wrap (Model 
No: SPRCW1)1, an IPC device. Low compression intensity of 30 mmHg - 50 
mmHg and graduated compression (wavetecTM) pattern were used for the IPC, 
which was performed in a seated position (Appendix 1). In the wavetecTM com-
pression profile, the lower calf is initially compressed to a peak pressure value. 
Before the lower calf reaches its peak value, the mid-calf region is compressed to 
its peak pressure, which is lower than the lower calf pressure. Similarly, the top 
calf begins to be compressed before the mid-calf reaches its peak value. Narrow-
ing of the leg veins is considered a basic mechanism of compression therapy. In 
the upright (sitting and standing) position, an external pressure of approximate-
ly 30 to 40 mmHg is necessary to narrow the leg veins [34]. According to the 
manufacturer’s specifications, the pressure range produced by the IPC device is 
30 mmHg - 50 mmHg; therefore, this pressure range is sufficient to produce ef-
fects on the lower limbs, which are in a dependent position. This study aimed to 
assess the use of IPC devices during day-to-day activities without disturbing 
daily activities such as watching TV and writing. Therefore, we aimed to test the 
efficacy of the IPC device in a seated position compared to the use of a static 
compression garment in a seated position. Therefore, we used the seated posi-
tion with the legs in a dependent position. 

Each participant in the IPCIG was trained on the application of the IPC with 
the IPC device at baseline. The training included the correct application of the 
IPC, safety measures that should be taken when using the IPC, and technical 
operations involved in the application of the IPC including switching and ad-
justment of mode and intensity. The necessary IPC devices were provided. The 
accuracy of the self-application of the IPC was supervised by home visits on the 
second, fourth, and eighth days of the commencement of the intervention, and 
further training was provided if necessary. Static compression was not applied to 
the IPCIG. 

2.5. Static Compression Control Group 

The control intervention was the application of static compression to both lower 
legs for 15 minutes per session, twice a day, 7 days per week for 4 weeks with the 
Tubigrip® multi-purpose tubular support bandage2. The pressure ranges pro-
duced by this static compression garment based on the limb circumference are 
20 - 30 mmHg, 10 - 20 mmHg, and 5 - 15 mmHg, according to the manufactur-
er’s specifications. Narrowing of the leg veins is considered the basic mechanism 
of compression therapy. In the upright (sitting and standing) position, an exter-
nal pressure of approximately 30 to 40 mmHg is necessary to narrow the leg 

 

 

1MAS Design Inc., New York, NY, USA. 
2Mölnlycke Health Care AB, Gamlestadsvägen 3 C, SE-402 52 Göteborg, Sweden. 
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veins [34]. Therefore, this pressure range is insufficient to produce effects on the 
lower limbs, which are in a dependent position. 

The intervention was performed in a seated position (Appendix 1). Each par-
ticipant in the SCCG was trained on the application of static compression with a 
conventional compression garment at baseline. The necessary static compression 
garments were provided. The accurate application was supervised at the second, 
fourth, and eighth days of the commencement of the intervention, and further 
training was provided if necessary. All instructions and training were delivered 
by experienced physiotherapists, who were trained in the standard protocols on 
the provision of IPC and static compression interventions, in managing older 
adults. 

2.6. Outcomes and Follow-Up 

All measurements were conducted by investigators who were trained to perform 
standardized assessment procedures and were blinded to group assignment. 
Outcome measures for each participant were assessed by the same investigator at 
the baseline and at the completion of the first, second, and third weeks of the 
commencement and end of the 4-week intervention. We used the International 
Classification of Functioning, Disability and Health (ICF) model of the World 
Health Organization as a theoretical framework for selecting outcome measures 
[35]. The primary outcome measure was QOL, which was assessed using the 
Short Form 36 Health Survey Questionnaire (SF-36) [32]. It addressed the ICF 
domain of participation. The SF-36 has been shown to be valid and reliable in 
assessing the quality of life of community-dwelling older adults [36]. The in-
strument consists of 36 questions that require respondents to rate items related 
to eight conceptual areas, including general health, ability to perform certain 
physical function, level of pain, emotional state, role limitations due to physical 
health, role limitations due to emotional problems, social functioning and ener-
gy/fatigue.  

Secondary outcome measures assessing the ICF domain of activities included 
walking capacity and functional mobility as assessed by the 6-minute walk test (6 
MWT) and the timed up and go (TUG) test, respectively. The 6 MWT has 
shown valid and excellent test-retest reliability (r = 0.95) for the mobility-related 
function in older adults [37]. The minimal detectable change for 6 MWT was 20 
m [38]. The TUG test has shown valid and excellent test-retest reliability (in-
traclass correlation coefficient = 0.88 for usual gait speed) in older adults [39]. 
The minimal detectable change for 6 MWT was 2.08 s for TUG test [40]. Sec-
ondary outcome measures within the ICF domain of body function and struc-
tures included the numerical pain rating scale (NPRS), AROM, dorsiflexion, and 
plantarflexion. NPRS is a reliable and valid pain intensity scale used when as-
sessing pain experienced by older adults [41]. It involves asking patients to rate 
their pain from 0 to 10, with 0 representing one end of the pain continuum (e.g., 
no pain) and 10 representing the other extreme of pain intensity (e.g., pain as 
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bad as it could be) [42]. Measurements of dorsiflexion and plantarflexion of the 
bilateral ankle joints were obtained with a 360-degree EMI diagnostic goniome-
ter3. The goniometer was calibrated in 1-degree increments. Sociodemographic 
data were collected using an interviewer-administered questionnaire. 

2.7. Adverse Events and Adherence 

All participants in both groups were instructed to complete a tick-box diary to 
record compliance with their home intervention. The participants’ satisfaction 
and motivation to receive IPC and static compression were measured using a 
10-point numeric rating scale. Any adverse event, unexpected occurrences, and 
identified potential risks during the intervention were recorded, in both groups 
to assess the safety of application of IPC and static compression to the lower legs 
with dynamic compression garments and static compression garments, respec-
tively. 

2.8. Withdrawal Criteria and Safety Considerations 

Participants were provided with an adequate amount of time to consider their 
participation in the trial and an opportunity to ask questions. If the patient de-
cided to participate in the study, they were instructed to provide written consent, 
which was then countersigned by the investigator. All participants were free to 
withdraw from the study at any time. Intervention was performed under the su-
pervision of the physiotherapists, and participants were assessed before, during, 
and after the intervention for any adverse events. They were given assurances 
throughout the study, and their data were kept confidential. The research per-
sonnel involved worked closely with the participants to monitor the occurrence 
of any untoward effects. The Adverse Event Reporting Form of the Ethics Re-
view Committee of The Chartered Society of Physiotherapy, Sri Lanka, was used 
for this purpose. The involvement of the research team and the aforementioned 
monitoring and safety procedures were specifically designed to minimize any 
potential risks to the physical health of the participants. A medical officer ex-
amined all of the participants before and after the intervention. 

2.9. Role of Funding Source 

This study was funded by MAS Holdings (Sri Lanka). The funds were used for 
study-related costs including human resources and equipment. They also pro-
vided the IPC devices and static compression garments used in this study. This 
funding agency did not play any role in the study design, data collection, analys-
es and interpretation of data, writing of the manuscript, or the decision to sub-
mit the manuscript for publication. 

2.10. Statistical Analyses 

Descriptive analysis was conducted to find the distribution and level of normali-

 

 

3Elite Medical Instruments. 
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ty of data in both groups at the baseline and weekly until four weeks. Variation 
of seven dependent variables; walking capacity (6 MWT), functional mobility 
(TUG ), pain in lower leg, and AROM (right and left, dorsiflexion and plantar-
flexion) were analyzed with the time; baseline, first, second, third and fourth 
week respectively and between two groups using two way repeated measure 
MANOVA. Univariate analysis using one way repeated measure ANOVA was 
conducted to compare variations within the groups with the time separately for 
each dependent variable as the MANOVA test results got significant at 5% sig-
nificant level with 95% CI. Since there are 5 time points, 10 pairs were compared 
within one group for one variable. Hence total 140 pairs for all the variables were 
analyzed at 0.00036 significant levels based on Bonferroni correction for mul-
tiple pairwise comparisons (0.05/140). Between-group comparisons at each time 
for each variable were conducted (2 × 7 × 5), at 0.00071 significant level based 
on the Bonferroni correction (0.05/70). Quality of life was analyzed separately 
using two way repeated measures MANOVA at the baseline and at the comple-
tion of four weeks of intervention according to eight sub components as well as a 
whole. Univariate analysis was conducted to compare variations within the 
groups with the time separately for each dependent variable as the MANOVA 
test results got significant at 5% significant level with 95% CI. Since there are 2 
time points, 09 pairs were compared within one group. Hence total 18 pairs were 
analyzed at 0.0027 significant level based on Bonferroni correction for multiple 
pairwise comparison (0.05/18). Between-group comparisons at each time for 
each variable were conducted (2 × 9 × 2), at 0.00138 significant level based on 
the Bonferroni correction (0.05/36). Risk difference and number needed to treat 
was calculated end of the trail for QOL to find the effectiveness of the applica-
tion of IPC and more than 80% improvement considered as the cutoff mark. 

3. Results 

Figure 1 shows the consort flow diagram. Among the 64 individuals screened, a 
total of 34 participants were eligible for randomization and gave written in-
formed consent. Table 1 summarizes the baseline demographics and clinical 
characteristics for the 34 randomized participants, stratified by intervention as-
signment. No statistically significant baseline differences were found between 
the groups except for general health component of the SF-36 (Table 1). The 
completion rate of the study was 100%. All participants returned their diaries on 
performance of intervention at home and all the participants of both groups had 
completed all the home intervention sessions assigned. Scores for satisfaction 
and motivation of the intervention group on 10 point scales were 10 and 10 re-
spectively. There were no adverse events reported in both groups. 

3.1. Primary Outcome 

There is a significant interaction effect between time, group and dependent va-
riables in the intervention at 5% significant level and 95% CI with higher level of  
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Table 1. Participant baseline demographic, clinical characteristics and outcome measures 
of intervention and control groupsª (N = 34). 

Variable 
Intermittent pneumatic 

compression intervention 
group (N = 17) Mean (Sd) 

Static Compression 
Control Group (N = 17) 

Mean (Sd) 
P value 

Demographics    

Gender—Male: Female 6/11 6/11  

Age (Years) 68.24 (6.320) 68.88 (7.017) 0.779 

Weight (Kg) 59.18 (6.327) 60.65 (10.093) 0.614 

Height (cm) 154.71 (8.417) 153.47 (9.824) 0.696 

Clinical characteristics    

BMI (Kg/m²) 24.9976 26.0149 0.528 

Systolic BP (Hg/mm) 129.76 (9.725) 123.71 (11.957) 0.115 

Diastolic BP (Hg/mm) 71.71 (9.012) 71 (10.863) 0.838 

HR (pulse/min) 71.47 (9.335) 73.47 (12.526) 0.601 

RR (per min) 27 (2.828) 27.06 (3.799) 0.959 

Outcome Measures    

Pain in lower leg 7.65 (1.539) 7.12 (1.965) 0.389 

TUGS 17.6518 (3.26368) 16.7900 (3.32301) 0.451 

6 MWT 293.82 (48.332) 320.59 (83.120) 0.262 

SF-36 subscales    

General Health 29.87 (18.071) 43.31 (15.406) 0.026 

Physical Function 40.88 (19.704) 45.59 (18.865) 0.482 

Role limitations 
due to physical health 

8.82 (24.908) 13.24 (33.211) 0.664 

Role limitations due to 
emotional problems 

31.37 (46.354) 19.12 (39.061) 0.411 

Social functioning 63.24 (16.812) 57.29 (22.547) 0.391 

Bodily Pain 41.32 (27.615) 44.41 (33.675) 0.772 

Energy/Fatigue 50.81 (15.416) 54.12 (22.724) 0.623 

Emotional well-being 61.71 (13.855) 59.29 (12.509) 0.598 

QOL 41.00 (9.863) 42.05 (17.176) 0.829 

Ankle Range of Motion    

L. dorsiflexion 6.59 (3.411) 5.88 (5.372) 0.651 

L. plantar flexion 20.59 (11.576) 23.24 (11.172) 0.502 

R. dorsiflexion 7.65 (5.623) 5.88 (5.372) 0.356 

R. plantar flexion 22.35 (11.197) 23.82 (10.973) 0.701 

ªBMI = Body Mass Index; BP: Blood Pressure; RR = Respiratory Rate; HR = Heart Rate; TUG = Timed up 
and Go Test; 6 MWT = Six minute walk test; QOL = Quality of life, L = left; R = Right; N = Number of par-
ticipants, Sd = standard deviation at 95% confidence interval. 
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Figure 1. CONSORT flow diagram for the Enhancing functional level and quality of life of community-dwelling older people with 
walking difficulties through intermittent pneumatic compression Study (IPCIG = Intermittent pneumatic compression interven-
tion group; SCCG = Static Compression Control Group). 

 
observed power in respect to QOL outcomes. In addition to that there is a sig-
nificant difference between 2 time points as well as between two experimental 
groups relation to nine dependent variables of QOL at 5% significant level and 
95% CI with higher level of observed power (Table 2). Pairwise comparison was 
carried out to compare between the groups and time for all the dependent va-
riables of QOL as the multivariate test showed a significant result. There is a  
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Table 2. Two way RM MANOVA analysis of outcomes. 

Outcome Variables Main effects and interactions P value Observed power 

Primary outcomes 

Time * Outcomes * Group 0.041 0.773 

Time 0.000 1.000 

Group 0.000 0.970 

Time * Group 0.000 1.000 

Secondary outcomes 

Time * Outcomes * Group 0.000 1.000 

Time 0.000 1.000 

Group 0.001 0.937 

Time * Group 0.000 1.000 

 
significant improvement in IPCIG compared to SCCG at post interventional 
stage for QOL (P = 0.00000), and all the sub scales, general health (P = 0.00088), 
physical function (P = 0.00009), role limitations due to physical health (P = 
0.00000), role limitations due to emotional problems (P = 0.00000), social func-
tioning (P = 0.00099), bodily pain (P = 0.00006), energy (P = 0.00028) and emo-
tional wellbeing (P = 0.00093). (Table 3, Figure 2(a)). Pairwise comparison of 
mean values within the IPCIG at baseline and post intervention shows that there 
is a significant difference (P ≤ 0.0027) among the QOL and 8 sub scales of SF-36 
except social functioning subscale and there is no significant difference (P ≥ 
0.0027) in Pairwise comparison of mean values within the SCCG at baseline and 
post intervention (Table 4).  

3.2. Secondary Outcomes 

There is a significant interaction effect between time, group and dependent va-
riables in the intervention at 5% significant level and 95% CI with higher level of 
observed power. In addition to that there is a significant difference between 5 
time points as well as between two experimental groups relation to seven de-
pendent variables; walking capacity (6 MWT), functional mobility (TUG), pain 
in lower leg, and AROM (right and left dorsiflexion and plantarflexion) at 5% 
significant level and 95% CI with higher level of observed power (Table 2). 
Pairwise comparison between groups at each time point shows that there is a 
significant improvement in 6 MWT of IPCIG at 3rd and 4th week comparatively 
to SCCG (P ≤ 0.00071) (Table 5, Figure 2(b)). Pairwise comparison of mean 
values of 6 MWT over 4 weeks within IPCIG shows a significant difference be-
tween baseline and all 4 weeks as well as between 3rd week and 4th week (Table 
7). Further there is a significant difference of 6 MWT (P ≤ 0.00036) within 
IPCIG between baseline and 1st week assessment (Table 7). This shows that 
even 1 week initial application of intervention is effective in improving walking 
capacity.  

Pairwise comparison between groups at each time point shows that there is a 
significant improvement in TUG of IPCIG at 3rd and 4th week comparatively to  
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Figure 2. Comparison of mean changes of outcome measures over time between IPCIG and SCCG, IPCIG = Intermittent pneu-
matic compression intervention group, SCCG = Static Compression Control Group, QOL = Quality of life; 6 MWT = Six minute 
walk test; 6 MWD = Six minute walk distance; TUG = Timed up and Go Test; AROM; Ankle range of motion; ROM = Range of 
motion; DF = Dorsiflexion; PL; Plantar flexion; L = left; R = Right. (a): Comparison of mean changes of QOL scores over time 
between IPCIG and SCCG across the intervention; (b): Comparison of mean changes of 6 MWT scores over time between IPCIG 
and SCCG across the intervention; (c): Comparison of mean changes of TUG scores over time between IPCIG and SCCG across 
the intervention; (d): Comparison of mean changes of lower leg pain scores over time between IPCIG and SCCG across the inter-
vention; (e): Comparison of mean changes of lower AROM over time between IPCIG and SCCG across the intervention. 
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Table 3. Comparison of post interventional QOL outcomes between IPCIG and SCCGª. 

Variable 
Mean values 

of IPCIG 
Mean values 

of SCCG 
Observed 

power 
P value 

General health 63.99 (15.046) 45.05 (15.065) 0.945 0.00088* 

Physical function 73.24 (21.933) 43.24 (16.950) 0.991 0.00009* 

Role limitations due to 
physical health problems 

77.94 (32.933) 19.12 (24.254) 1.000 0.00000* 

Role limitations 
due to emotional problems 

86.27 (31.315) 19.11 (31.145) 1.000 0.00000* 

Social functioning 78.50 (22.786) 48.53 (25.342) 0.940 0.00099* 

Bodily pain 75.32 (16.841) 40.74 (25.736) 0.994 0.00006* 

Energy/fatigue 77.06 (18.713) 53.56 (14.663) 0.997 0.00028* 

Emotional well being 79.76 (16.215) 59.06 (16.873) 0.943 0.00093* 

Total QOL 76.51 (16.0412) 41.05 (12.898) 1.000 0.00000* 

QOL = Quality of life; N = Number of participants; * = Statistically significant difference with bonferroni 
correction 0.00138; at 95% confidence interval. 

 
Table 4. QOL variation with time compare within the IPCIG and SCCGª. 

Variable 

Within IPCIG Within SCCG 

Baseline 
mean (Sd) 

Post 
Intervention 

mean (Sd) 

P 
value 

Baseline 
mean (Sd) 

Post 
Intervention 

mean (Sd) 

P 
value 

General 
health 

29.87 (18.071) 63.99 (15.046) 0.00001* 43.31 (3.737) 45.05 (3.654) 0.570 

Physical function 40.88 (19.704) 73.24 (21.933) 0.00000* 45.59 (4.575) 43.24 (4.111) 0.589 

Role 
limitations 

due to physical 
health 

problems 

8.82 (24.908) 77.94 (32.933) 0.00000* 13.24 (8.055) 19.12 (5.882) 0.361 

Role 
limitations 

due to 
emotional 
problems 

31.37 (46.354) 86.27 (31.315) 0.001* 19.12 (9.474) 19.11 (7.554) 0.999 

Social 
functioning 

63.24 (16.812) 78.50 (22.786) 00.038 57.29 (5.469) 48.53 (6.146) 0.140 

Bodily Pain 41.32 (27.615) 75.32 (16.841) 0.00017* 44.41 (8.167) 40.74 (6.242) 0.555 

Energy/fatigue 50.81 (15.416) 77.06 (18.713) 0.00012* 54.12 (5.511) 53.56 (3.556) 0.915 

Emotional 
well being 

61.71 (13.855) 79.76 (16.215) 0.001* 59.29 (3.034) 59.06 (4.092) 0.956 

QOL 41 (9.863) 76.51 (16.041) 0.00000* 42.05 (4.165) 41.05 (3.128) 0.751 

ªQOL = Quality of Life; BL = Base Line; PI = Post Intervention; * = Statistically significant difference with 
bonferroni correction 0.0027; at 95% confidence interval. 
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Table 5. Comparison of secondary outcomes between IPCIG and SCCGª in different time points. 

Time 
Point 

Group 

Ankle Range of Motion 

Pain TUG Test 6 MWT Left side 
Dorsi-flexion 

Left side 
Plantar flexion 

Right side 
Dorsi-flexion 

Right side 
Plantar flexion 

Mean 
(Sd) 

P 
value 

Mean 
(Sd) 

P 
value 

Mean 
(Sd) 

P 
value 

Mean 
(Sd) 

P 
value 

Mean 
(Sd) 

P 
value 

Mean 
(Sd) 

P 
value 

Mean 
(Sd) 

P 
value 

Week 
1 

IPCIG 
11.24 

(2.488) 
0.026 

37.06 
(12.507) 

0.038 

12.59 
(3.554) 

0.007 

38.53 
(8.973) 

0.008 

5.47 
(2.267) 

0.061 

15.03 
(2.536) 

0.230 

373.18 
(73.238) 

0.065 

SCCG 
7.35 

(6.403) 
27.65 

(12.884) 
7.82 

(5.855) 
28.24 

(12.112) 
6.88 

(1.965) 
22.27 

(24.25) 
325.82 

(71.237) 

Week 
2 

IPCIG 
13.06 

(3.491) 
0.002 

41.18 
(8.932) 

0.00035* 

13.35 
(3.427) 

0.001 

42.06 
(9.852) 

0.00046* 

4.12 
(1.654) 

0.001 

11.94 
(2.406) 

0.002 

399.00 
(65/780) 

0.009 

SCCG 
7.18 

(6.366) 
25.88 

(13.019) 
7.65 

(5.830) 
27.94 

(11.189) 
6.47 

(2.154) 
15.36 

(3.331) 
333.82 
(7.700) 

Week 
3 

IPCIG 
15.00 

(4.677) 
0.00025* 

45.88 
(8.703) 

0.00001* 

15.000 
(4.667) 

0.00024* 

45.88 
(8.703) 

0.00000* 

2.82 
(1.074) 

0.0000* 

10.64 
(2.030) 

0.000042* 

442.41 
(67.373) 

0.00049* 

SCCG 
7.18 

(6.116) 
25.88 

(12.277) 
7.47 

(5.864) 
27.65 

(10.476) 
6.65 

(2.120) 
14.80 

(3.000) 
350.29 

(71.249) 

Week 
4 

IPCIG 
17.06 

(5.607) 
0.00001* 

48.53 
(7.859) 

0.00000* 

17.06 
(5.607) 

0.00001* 

48.53 
(7.859) 

0.00000* 

1.41 
(.870) 

0.0000* 

9.43 
(1.093) 

0.00000* 

462.53 
(72.804) 

0.00003* 

SCCG 
6.76 

(5.847) 
27.06 

(11.600) 
7.06 

(5.607) 
28.24 

(9.510) 
6.24 

(2.016) 
14.33 

(3.102) 
345.71 

(67.849) 

ªTUG Test = Timed up and Go Test, 6 MWT = six minute walk test, IPCIG = Intermittent Pneumatic Compression Intervention Group, SCCG = Static 
Compression Control Group at 95% Confidence Interval, * = Statistically significant difference with bonferroni correction of 0.00071. ªPairwise comparison 
was carried out only in outcome measures that shows a significant variation (P ≤ 0.05) in mean values, within the groups with the time when analyzed using 
one way repeated measure ANOVA 

 
SCCG (P ≤ 0.00071) (Table 5, Figure 2(c)). Also results shows that improve-
ment of 6 MWT was continuous during the whole period of intervention in 
IPCIG (Table 6). Pairwise comparison of mean values of TUG over 4 weeks in 
IPCIG shows a significant difference (P ≤ 0.00036) among baseline and 2nd 
week, 3rd week, 4th week respectively as well as between 1st week and 3rd week, 
4th week respectively (Table 7). In addition to that positive mean difference 
shows that mean value of TUG is decreasing over time significantly within 
IPCIG (Table 7). 

Pairwise comparison between groups at each time point show that there is a 
significant improvement in lower leg pain of IPCIG at 3rd and 4th week compa-
ratively to SCCG (P ≤ 0.00071) (Table 5, Figure 2(d)). Pairwise comparison of 
mean values of lower leg pain over 4 weeks within IPCIG shows a significant 
difference (P ≤ 0.0036) among all weekly outcome except between week 1 and 2, 
week 2 and 3, week 3 and 4 (Table 7). In addition, positive mean difference 
shows that mean value of pain is decreasing over time significantly within IPCIG 
(Table 7). The mean difference of lower leg pain within IPCIG between baseline 
and week 1 was reduced significantly by 2.176 (P ≤ 0.00020) and it shows that 
even 1 week of initial application of IPC is effective in reduction of lower leg  
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Table 6. Mean values of secondary outcomes within IPCIG and SCCG in different time pointsª. 

Group 
Time 
point 

Variables 

Left side 
Dorsi-Flexion 

Mean (Sd) 

Left side 
Plantar 
flexion 

Mean (Sd) 

Right side 
Dorsi-flexion 

Mean (Sd) 

Right side 
Plantar 
flexion 

Mean (Sd) 

Pain 
Mean (Sd) 

TUG Test 
Mean (Sd) 

6 MWT 
Mean (Sd) 

IPCIG 

Baseline 6.59 (3.411) 20.59 (11.576) 7.65 (5.623) 22.35 (11.197) 7.65 (1.539) 17.65 (3.263) 293.82 (48.332) 

1st week 11.24 (2.488) 37.06 (12.507) 12.59 (3.554) 38.53 (8.973) 5.47 (2.267) 15.03 (2.535) 373.18 (73.238) 

2nd week 13.06 (3.491) 41.18 (8.932) 13.35 (3.427) 42.06 (9.852) 4.12 (1.654) 11.93 (2.406) 399.00 (65.780) 

3rd week 15.00 (4.677) 45.88 (8.703) 15.00 (4.677) 45.88 (8.703) 2.82 (1.074) 10.64 (2.030) 442.41 (7.373) 

4th week 17.06 (5.607) 48.53 (7.859) 17.06 (5.607) 48.53 (7.859) 1.41 (.870) 9.43 (1.093) 462.53 (72.804) 

SCCG 

Baseline 5.88 (5.372) 23.24 (11.172) 5.88 (5.372) 23.82 (10.973) 7.12 (1.965) 16.79 (3.323) 320.59 (83.120) 

1st week 7.35 (6.403) 27.65 (12.884) 7.82 (5.855) 28.24 (12.112) 6.88 (1.965) 22.26 (24.254) 325.82 (71.237) 

2nd week 7.18 (6.366) 25.88 (13.019) 7.65 (5.830) 27.94 (11.189) 6.47 (2.154) 15.36 (3.331) 333.82 (70.700) 

3rd week 7.18 (6.116) 25.88 (12.277) 7.47 (5.864) 27.65 (10.476) 6.65 (2.120) 14.80 (3.000) 350.29 (71.249) 

4th week 6.76 (5.847) 27.06 (11.600) 7.06 (5.607) 28.24 (9.510) 6.24 (2.016) 14.32 (3.102) 345.71 (67.849) 

ªTUG Test = Timed up and Go Test; 6 MWT = six minute walk test; IPCIG = Intermittent Pneumatic Compression Intervention Group; SCCG = Static 
Compression Control Group. 
 
Table 7. Pairwise comparison for lower leg pain, TUG, 6 MWT and Ankle ROM with time within the IPCIG. 

Time Point 

Ankle Range of Motion 

Pain TUG Test 6 MWT Left side 
Dorsi-flexion 

Left side 
Plantar flexion 

Right side 
Dorsi-flexion 

Right side 
Plantar flexion 

(I) 
time 

(J) 
time 

Mean 
Difference 

within 
IPCIG 
(I − J) 

P 
value 

Mean 
Difference 

within 
IPCIG 
(I − J) 

P 
value 

Mean 
Difference 

within 
IPCIG 
(I − J) 

P 
value 

Mean 
Difference 

within 
IPCIG 
(I − J) 

P 
value 

Mean 
Difference 

within 
IPCIG 
(I − J) 

P 
value 

Mean 
Difference 

within 
IPCIG 
(I − J) 

P 
value 

Mean 
Difference 

within 
IPCIG 
(I − J) 

P 
value 

Base 
Line 

Week 1 −4.647 0.004 −16.471 0.00034* −4.941 0.001 −16.176 0.001 2.176 0.00020* 2.624 0.003 −79.353 0.00013* 

Week 2 −6.471 0.003 −20.588 0.00015* −5.706 0.017 −19.706 0.001 3.529 0.00000* 5.716 0.00009* −105.176 0.00000* 

Week 3 −8.412 0.001 −25.294 0.00001* −7.353 0.040 −23.529 0.00006* 4.824 0.00000* 7.015 0.00000* −148.588 0.00000* 

Week 4 −10.471 0.00012* −27.941 0.00000* −9.412 0.004 −26.176 0.00000* 6.235 0.00000* 8.222 0.00000* −168.706 0.00000* 

Week 
1 

Week 2 −1.824 1.000 −4.118 0.999 −.765 1.000 −3.529 1.000 1.353 0.053 3.092 0.00038 −25.824 0.004 

Week 3 −3.765 0.119 −8.824 0.082 −2.412 1.000 −7.353 0.088 2.647 0.00013* 4.391 0.00001* −69.235 0.002 

Week 4 −5.824 0.007 −11.471 0.00049 −4.471 0.221 −10.000 0.00003* 4.059 0.00002* 5.598 0.00000* −89.353 0.00044 

Week 
2 

Week 3 −1.941 0.057 −4.706 0.051 −1.647 0.105 −3.824 0.183 1.294 0.003 1.299 0.007 −43.412 0.004 

Week 4 −4.000 0.133 −7.353 0.052 −3.706 0.169 −6.471 0.210 2.706 0.00012* 2.506 0.005 −63.529 0.00041 

Week 
3 

Week 4 −2.059 1.000 −2.647 1.000 −2.059 1.000 −2.647 1.000 1.412 0.001 −1.207 0.200 −20.118 0.00001* 

ªTUG Test = Timed up and Go Test, 6 MWT = six minute walk test, IPCIG = Intermittent Pneumatic Compression Intervention Group, SCCG = Static 
Compression Control Group at 95% Confidence Interval, * = Statistically significant difference with bonferroni correction 0.00036. ªPairwise comparison 
was carried out only in outcome measures that show a significant variation (P ≤ 0.05) in mean values, within the groups with the time when analyzed using 
one way repeated measure ANOVA. 
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pain. Also results shows that amount of lower leg pain reduction were consistent 
and continuous during the whole period of intervention in IPCIG (Table 6). The 
mean difference of the lower leg pain between baseline and post intervention in 
IPCIG was 6.235 (P ≤ 0.00000) and this shows that the overall pain reduction of 
four week intervention is noteworthy. 

Pairwise comparison between groups at each time point show that there is a 
significant improvement in left and right ankle dorsiflexion and plantarflexion 
ROM of IPCIG at 3rd and 4th week comparatively to SCCG and plantar flexion 
of right and left ankle have significant improvement even at 2nd week in IPCIG 
compared to SSCG (P ≤ 0.00071) (Table 5, Figure 2(e)). Pairwise comparison of 
mean values of ROM of left dorsiflexion shows a significant difference between 
baseline and 4th week and plantarflexion shows a significant difference between 
baseline and 1st week, 2nd week, 3rd week and 4th week respectively (P ≤ 
0.00036). Pairwise comparison of mean values of ROM of right dorsiflexion 
shows no significant difference between any of the weeks and plantarflexion 
shows a significant difference between baseline and 3rd week and 4th week re-
spectively as well as between 1st week and 4th week (P ≤ 0.00036). In addition, 
negative mean differences shows that mean values of ROM are increasing signif-
icantly over time within IPCIG (Table 7). 

The risk difference and number needed to treat was calculated for the changes 
of total QOL variable over time among the IPCIG and SCCG. 80% improvement 
of QOL at the end was considered as the cutoff for significant improvement of 
QOL. The risk difference was calculated and findings shows that the chance/risk 
of a state of “80% improved QOL” is (0.529 × 100%) = 53% higher after 4 weeks 
application of IPC than 4 weeks application of static compression. In addition to 
that, findings shows one patient will be improved 80% of QOL for every two pa-
tients who are treated with the IPC based on the NNT value (Appendix 2). 

4. Discussion 

To the best of our knowledge, this study is the first to document the efficacy of 
IPC in enhancing the functional level and QOL of community-dwelling older 
people with walking difficulties. We found that there were statistically significant 
differences between the groups in QOL (Table 3), AROM, lower leg pain, 6 
MWT, and TUG test (Table 5) in favor of the IPCIG compared with the SCCG. 

We expected that the IPCIG would be favored across outcomes, as per the 
evidence of previous studies describing the related effects of the IPC and the in-
terventions similar to the interventions delivered by the IPC [29] [30] [31] 
[43]-[55]. Regarding the outcome of lower leg pain, studies have shown that 
massage is useful in reducing pain [29] [30] [31]. The potential massage effect of 
IPC may have caused the reduction of pain in the IPCIG. Furthermore, consis-
tent and continuous reduction of lower leg pain during the whole period of in-
tervention in the IPCIG (Tables 5-7) shows the usefulness of the continuous use 
of IPC. 

The outcome of TUG test, which measured functional mobility, showed that 
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even after 1 week, the initial application of IPC is effective in improving func-
tional mobility (Table 7). In addition, the results show that there is a significant 
increase in functional mobility over time within the IPCIG (Table 6 and Table 
7). Functional mobility is mainly based on the dynamic balance and stability of 
an individual. It has been shown that massage applied to the calf is a useful me-
thod to improve the balance of older adults who have diminished balancing abil-
ities due to problems with their plantarflexion torque [43]. It has also been sug-
gested that the benefits of massage may help enhance dynamic balance [44]. The 
possible massage effect of IPC caused an improvement in the dynamic balance 
and, hence, the functional mobility of the participants in the intervention group. 
Continuous muscle contraction of the gastrocnemius muscle to generate suffi-
cient muscle strength is important for maintaining stability during walking and 
exercise [45] [46]. The possible effect of IPC to improve prompt muscle activa-
tion ability of the gastrocnemius muscle will have a positive effect on maintain-
ing stability during walking and exercises. 

There was a significant increase in walking capacity over time within the 
IPCIG (P ≤ 0.0005). Intermittent pneumatic compression improves the circula-
tion to the muscles in the lower leg and foot, enhancing the delivery and extrac-
tion of oxygen to the muscles (aerobic capacity), necessary to sustain the re-
peated pattern of muscle activation during walking, and therefore improving the 
walking capacity in participants. Studies have shown the value of enhancing 
aerobic capacity to provide the energy needed to sustain the muscle activity of 
older adults for walking and reduce restriction of walking activity in prolonged 
walking conditions [47]. 

The improvement in the AROM in the IPCIG (Table 7) may be due to a re-
duction in swelling of the lower legs, which occurs as a result of IPC. Further-
more, the possible stretching effect of IPC on the lower leg muscles may have 
contributed to the increase in the ROM of the ankle joints. Studies have shown 
that massage of the calf muscle improves ankle joint flexibility [43]. The possible 
massage effect of the IPC has improved ankle joint flexibility and hence ROM. 
Several studies have shown that one of the deficit characteristics of age-related 
walking problems that contribute to inefficient gait is decreased ankle plantar-
flexion [48] [49] [50] [51] [52]. In our study, the AROM in the participants of 
the intervention group was improved. Therefore, it is evident that the applica-
tion of IPC has a positive effect on improving walking capacity. 

Regarding the main outcome of QOL and the subscales of physical function, 
role limitations due to physical health, role limitations due to emotional prob-
lems, social functioning, and emotional well-being at 4 weeks, the IPCIG showed 
a more significant improvement compared to the SCCG (Table 3). This signifi-
cant improvement in the subscales, as well as QOL, which represent participa-
tion, can be described as having an association with the improvement of targeted 
body structure/function (lower leg pain and AROM) and activities (functional 
mobility and walking capacity) of the participants of the IPCIG. Several studies 
have demonstrated that mobility is a key determinant of QOL [53] [54] [55]. 
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These studies prove our study results of improved functional mobility and 
walking capacity with improved QOL. 

5. Limitations and Future Research 

This study has several limitations. The sample size of this study was small. We 
contacted 286 individuals through recruitment strategies. However, only 64 par-
ticipants participated in the eligibility screening, and only 34 were eligible. It is 
unknown whether the intervention dosage was optimal. The number of inter-
vention sessions, the duration of each intervention session, and the intervention 
frequency, intensity, and compression pattern were meant to represent an inter-
vention dosage that would be tolerable for the target study population. This do-
sage was based on clinical judgment in the absence of experimental evidence re-
lated to the optimal intervention dosage. Additionally, there were no plans to 
test the retention of the effects of the intervention. This limitation resulted in the 
unavailability of an assessment of the influence of the intervention approach on 
retention. Therefore, investigating the retention of the effects of IPC on QOL, 
walking capacity and functional mobility is suggested. Further studies are sug-
gested to determine the effectiveness of the different IPC patterns in improving 
the QOL, functional mobility, and walking capacity of the older population. 

6. Conclusion 

The IPC was effective in improving QOL, reducing lower leg pain, improving 
the AROM (dorsiflexion and plantarflexion), and improving walking capacity 
and functional mobility. In addition, IPC can be identified as a user-friendly, 
pragmatic, and simple intervention to be used by community-dwelling older 
adults. Additional studies are needed to determine the optimal dosage and re-
tention of the effects of the intervention. 
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Appendix 1 

Application of intermittent pneumatic compression (IPC) using an IPC device 
and static compression using a static compression garment 
 

    
(a)                                   (b) 

    
(c)                                   (d) 

Application of intermittent pneumatic compression (IPC) using an IPC de-
vice. (a) Front view; (b) Lateral view and application of static compression using 
a static compression garment; (c) Front view; (d) Lateral view. 

Appendix 2 

Risk difference for the improvement of QOL 

Effect measure 
Type of intervention 

80% improvement 
in QOL after 4 weeks 

Not 80% improvement 
in QOL after 4 weeks 

Total 

Intermittent pneumatic 
compression intervention 

9 8 17 

Static compression intervention 0 17 17 

 
The risk difference for QOL (RD) = 9/17 – 0/17 = 9/17 
=0.529 
Number of patients to be treated (NNT) = 1/RD 
=1/0.529 
=1.89 - 2 
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