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Background: A pressure ulcer is common in soft tissue over the greater trochanter (GT) in 
side-lying position, and sustained tissue deformation induced by the prolonged external force 
is a primary cause, which can be discussed with soft tissues’ viscoelastic properties (i.e., stress 
relaxation, creep response). 

Objects: Using an automated hand-held indentation device, we measured the viscoelastic 
properties of soft tissue over the hip area, in order to examine how the properties are affected 
by site with respect to the GT.

Methods: Twenty participants (15 males and 5 females) who aged from 21 to 32 were par-
ticipated. An automated hand-held indentation device was used to measure the stress relax-
ation time and creep response. Trials were acquired for three different locations with respect 
to the GT (i.e., right over the GT, 6 cm anterior or posterior to the GT). For each location, five 
trials were acquired and averaged for data analyses. 

Results: Soft tissues’ stress relaxation time and creep response were associated with site (F = 
23.98, p < 0.005; F = 24.09, p < 0.005; respectively). The stress relaxation time was great-
est at posterior gluteal region (19.22 ± 2.49 ms), and followed by anterior region (15.39 ± 
2.47 ms) and right over the GT (14.40 ± 3.18 ms). Similarly, creep response was greatest at 
posterior gluteal region (1.16 ± 0.14), and followed by anterior region (0.95 ± 0.14) and 
right over the GT (0.89 ± 0.18).

Conclusion: Our results showed that the stress relaxation and creep were greatest at the 
posterior gluteal region and least at right over the GT, indicating that the gluteal soft tissue 
is more protective to the prolonged external force, when compared to the trochanteric soft 
tissue. The results suggest that a risk of pressure ulcer over the GT may decrease with slightly 
posteriorly rotated side-lying position.

Copyright ⓒ Korean Research Society of Physical Therapy
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

A pressure ulcer is common in nursing home residents. Na-

tional Nursing Home Survey has shown that one of ten resi-

dents suffer from pressure-related injuries [1]. As a result of 

pressure ulcer, several infectious complications may occur (i.e., 

cellulitis, bacteremia, and sepsis) and these can lead the resi-

dents to death. While prognosis of pressure ulcer isn’t bad, the 

risk of mortality of pressure ulcer can increase about 50% due 

to such complications [2-4]. 

A pressure ulcer is defined as an injury to the skin and un-

derlying soft tissues over a bony prominence, that develops as 

a result of prolonged external load. Body sites vulnerable to 

the pressure ulcer include hip, back, ankle, and buttock, highly 

depending on body positions. In particular, soft tissue over the 

greater trochanter (GT) is the most vulnerable in side-lying po-

sition [5].

Research has shown that pressure ulcer is initiated by isch-

emia, where cellular metabolism declines due to limited oxy-

gen supply [6-8], and develops through ischemia-reperfusion 

injury or reoxygenation injury, where soft tissue damage occurs 

due to inflammatory reaction [9,10]. Furthermore, Ceelen et al. 

[11] conducted experiments with an animal model to measure 

soft tissue damage after 2 hour-long compression. They found 

that a positive relationship between soft tissue damage and tis-

sue deformation induced by the prolonged compression, sug-
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gesting that sustained tissue deformation would be a risk factor 

of pressure ulcer. 

Stress relaxation and creep response are unique, time-de-

pendent phenomena observed when biological materials (i.e., 

muscle, ligament, tendon, cartilage or skin) are subject to the 

external load (i.e., compression or pulling force). The phenom-

ena occurs because the biological materials are viscoelastic 

due to water and collagen content inside, and determine the 

speed and degree of tissue deformation. The stress relaxation 

is an ability to decrease internal stress caused by compression, 

and the greater stress relaxation time materials have, the more 

resistant to redistribution of the stress (thereby more time is re-

quired to deform, lowering the risk of pressure ulcer). Similarly, 

the creep time can be defined as the time it takes to reach fi-

nal equilibrium strain when the constant load is applied to the 

tissue, and materials with greater creep time are likely to have 

greater resistance to deformation, lowering the pressure ulcer 

risk. These viscoelastic properties have been commonly used 

in animal studies to address pressure ulcer [12-14]. Technology 

is available to measure these properties by analyzing responses 

of soft tissue to small tapping force. When the tapping force is 

applied, soft tissue vibrates with alteration of compression and 

expansion. This oscillation decays over time, and the speed 

and depth of compression (or oscillation) depend on the visco-

elastic properties of soft tissue. By analyzing this time series of 

deformation, velocity and acceleration data, stress relaxation 

and creep response of soft tissue can be estimated.

Against this background, we measured stress relaxation and 

creep response of soft tissue over the hip area as biomarkers 

of pressure ulcer. We then examined how these are affected by 

sites with respect to the GT. 

MATERIALS AND METHODS

1. Participants

Twenty individuals (15 males and 5 females [aged between 21 

and 32]) were recruited. Demographic information is provided 

in Table 1. Exclusion criteria included musculoskeletal injuries, 

including but not limited to, abrasion, laceration, burn, frac-

tures, contusion over the hip area. All participants provided 

signed consent forms. The study protocol has been approved 

by the Institutional Review Board in Yonsei University Mirae 

campus. 

2. Experimental Protocol and Data Analysis

Participants lay sideways exposing the skin of the lateral as-

pect of the hip (Figure 1A). With respect to the GT, three points 

with an interval of 6 cm were marked on the skin via a water-

soluble pen (Figure 1B). We then used an automated hand-held 

indentation device (MyotonPRO; Myoton AS, Tallinn, Estonia) 

to measure viscoelastic properties of soft tissue over the three 

Table 1.Table 1. Demographic information

Variables Participants

Age (y) 24.4 ± 2.4
Height (cm) 171.1 ± 8.9
Weight (kg) 78.0 ± 14.0

Values are presented as mean ± standard deviation.

Figure 1.Figure 1. (A) Experimental setup, (B) mea-
surement sites with respect to the greater 
trochanter. 
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points. The device recorded vibration of soft tissue after apply-

ing a low taping force (0.4 N) to the skin, and calculated stress 

relaxation time and a ratio of “stress relaxation time” to “time 

to cause maximum deformation” (creep response). Measure-

ment of coefficient of variation (CV) of the device provided in 

the manual shows that the CV of stress relaxation and creep 

were 1.2% and 1.5%, respectively. Furthermore, several re-

search studies support accuracy and repeatability of the meth-

odology of the device [15-17]. Two trained physiotherapists 

(practiced at least 1 hour for measurements) measured the 

participants’ right hip and five trials were acquired for each 

location (tap time was 15 ms with 1 ms intervals) and averaged 

for data analyses. 

Repeated measures ANOVA was used to test whether the 

outcome variables were associated with site with respect to 

the GT (3 levels). When a main effect was significant, pairwise 

comparisons were conducted using Bonferroni correction with 

alpha level at 0.017 (0.05/3).

RESULTS

Stress relaxation was associated with site (F = 23.98, p < 

0.005). The stress relaxation time differed across three sites 

with respect to the GT, being greatest (19.2 ± 2.49 ms) at the 

posterior gluteal region and least (14.4 ± 3.18 ms) at right over 

the GT (Figure 2A). 

Similar trends were observed for creep response, and creep 

response was associated with site (F = 24.09, p < 0.005). The 

creep response differed across three sites over the hip region, 

being greatest (1.16 ± 0.14) at the posterior gluteal region and 

least (0.89 ± 0.18) at right over the GT (Figure 2B). 

DISCUSSION

The purpose of this study was to examine whether the vis-

coelastic properties (stress relaxation, creep) were affected by 

site, in order to discuss a risk of pressure ulcer with side-lying 

position. We found that the stress relaxation time and creep 

response were greatest at posterior gluteal region and least at 

right over the GT. This indicates that the gluteal soft tissue is 

more resistant to tissue deformation induced by the prolonged 

external force when compared to the trochanteric soft tissue, 

suggesting that a risk of pressure ulcer over the GT may de-

crease with slightly posteriorly rotated side-lying position. This 

finding supports the repositioning guidelines for the individu-

als who are bedridden [18]. The guidelines suggest side-lying 

position with body rotation 30 degrees posterior would reduce 

the incidence of pressure ulcer in hospitalized patients when 

compared to side-lying position with a pelvis perpendicular to 

the horizontal line, where the GT contacts the bed directly [19].

A potential reason why the viscoelastic properties differed 

across sites might be explained, in part, by varying properties 

and composition of soft tissue over the hip area [6,20]. The 

soft tissue may include skin, fat, muscle and fascia, and each 

tissue layer has different viscoelastic properties (i.e., muscle is 

more viscoelastistic than fat). Furthermore, distribution (thick-

ness) of each layer depends on site with respect to the GT (more 

muscle and adipose tissue in posterior [gluteal] region than in 

anterior or right over the GT). This variability results in chang-

es in soft tissue properties over the hip area. 

Figure 2.Figure 2. Effect of site on the stress relaxation (A) and creep response (B) over the hip area. 
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Our study has several limitations. First, the stress relaxation 

and creep response is time-dependent, but temperature-

dependent as well. However, we did not consider room or 

participants’ skin temperature during data collection. Second, 

previous systematic reviews showed that age, mobility and ac-

tivity levels are risk factors of pressure ulcer [21,22]. However, 

these were not considered in this study. Future studies should 

include these factors for better understanding of how the vis-

coelastic properties over the hip area are affected by sites. 

CONCLUSIONS

The stress relaxation time and creep response were great-

est at the posterior gluteal region and least right over the GT, 

indicating that the gluteal soft tissue is more resistant to tissue 

deformation induced by the prolonged external load, when 

compared to the trochanteric soft tissue. The results suggest 

that a risk of pressure ulcer over the GT may decrease with 

slightly posteriorly rotated side-lying position.
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