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Biomechanical changes on the typical sites of pressure ulcers 1 

in the process of turning over from supine position: 2 

theoretical analysis, simulation and experiment 3 

Peng Su 1, Qinglong Lun 1, Da Lu 2, Qiulong Wu 1, Tian Liu 1,  4 

Leiyu Zhang 3, 5 

ABSTRACT 6 

Background: Pressure ulcer is a typical disease, which is common in long-term 7 

bedridden patients and difficult to cure. It is necessary to study the biomechanics of 8 

the typical sites of pressure ulcers in turning over from supine position, which is an 9 

important reference for clinical medical nursing and and guides an assisted 10 

exoskeleton robot design. 11 

Methods: The typical sites of pressure ulcers mainly focus on the scapula and the 12 

hip-sacrum of the trunk in turning over from the supine position. Based on the 13 

requirements of rehabilitation technical aids and the anatomy theory, the simple 14 

model of the scapula and the hip-sacrum were established for a force analysis in the 15 

process of turning over from the supine position, and the theoretical contact pressure 16 

between the human body and the bed surface was obtained. Then, three-dimensional 17 

models of the scapula and hip- sacrum were reconstructed and the maximum stress 18 

under different boundary conditions was obtained by finite element analysis. Finally, 19 

the pressure distribution sensor was used to carry out the human experiment of 20 

turning over from the supine position, and the pressure cloud diagram and the 21 

maximum contact pressure curve of the shoulder blade and the hip were obtained 22 
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under different angles of turning over. 23 

Results: The results from theoretical analysis, simulation and experiment were 24 

almost the same change trends, and the curves and the stress diagrams showed the 25 

contact pressure change of the typical sites of pressure ulcers in turning over. The 26 

angle threshold of the optimal comprehensive pressure can improve the use 27 

efficiency of the equipment to assist human turning over and reduce the incidence of 28 

pressure ulcers in the use of assisted bed in long-term bedridden patients.  29 

Conclusions: In response to the less research on the mechanism of pressure ulcer, 30 

biomechanical changes have been revealed, which helps to explain the causes of 31 

pressure ulcer disease and provide basis for improving clinical nursing, and the 32 

relevant results provided a reference that contributes to the man-machine coupling 33 

design of the assisted rollover robot. 34 

Key word: turning over, pressure ulcers, contact pressure, biomechanical 35 

simulation, rehabilitation technical aids 36 

Background 37 

The pressure ulcer, also known as decubitus, is localized injury to the skin and/or 38 

subcutaneous tissue caused by pressure or pressure in combination with shearing 39 

force [1]. This phenomenon has a physiological effect restricting blood flow, with 40 

the restriction in blood flow, perfusion of oxygen is limited and removal of 41 

metabolic waste is inhibited which leads to cells death in the affected area resulting 42 

in ischemia followed by pressure ulcers formation [2]. Pressure ulcers usually occur 43 

in areas of bony prominence, for instance, the elbow, heel and back of skull, and 44 

Multiple mechanical parameters including friction, shear stress, pressure and 45 

microclimate are believed to be included in the potential triggering factors [3-6]. It is 46 

more cost-effective to prevent the occurrence of ulcers than provide treatment 47 



 

 

especially for the stage four ulcers [7]. The risk of death after suffering the pressure 48 

ulcers will increase 4-fold in the critical patients [8]. Nevertheless, the incidence of 49 

pressure ulcers can decrease by 50-60% through effective prevention [9]. So it is 50 

significant to study the biomechanics of the typical sites of pressure ulcers in turning 51 

over from supine position, and it helps to achieve better care. 52 

The prevention of pressure ulcers is mainly about relieving backpressure, decrease 53 

the exposure time and improving skin health [10]. The common method is to change 54 

the patient’s body position every two hours by turning over, and as technology 55 

advances, rehabilitation robots may also be used that needs to have good 56 

human-machine coupling [11-13]. Seo et al. discussed the development of an 57 

intelligent bed robot system, and monitoring using an array of pressure sensors, the 58 

bed posture and movement of the patients were measured and evaluated [14]. Some 59 

scholars model the bones and muscles of the human body movement system based 60 

on the skeletal structure, and other studies on how to prevent pressure ulcers are 61 

in-depth discussion [15]. Recently the new type sheet with low friction and 62 

optimized moisture transfer properties has been studied, which may be used to 63 

prevent pressure ulcers because of its lower friction properties compared with a 64 

common medical sheet [16-18]. Furthermore, the relationship between the contact 65 

pressure and the supine angle was studied by researchers. They conclude that the 66 

minimum and maximal contact pressures of the sacrum are in a supine angle of 30° 67 

and 90° [19].  68 

Current research on pressure ulcer care mainly focuses on the pressure relief 69 

equipment such as the decompression mattress or rehabilitation robot. There are few 70 

investigations into the biomechanics of human structure leading to pressure ulcers. 71 

According to the structure of the body, the scapula, sacrum and calcaneus form a 72 



 

 

plane and support the entire body weight in the supine position [20], and the tilting 73 

can affect the strain distribution, taking away the highest peak strains of the sacrum. 74 

In different parts of the body, the probability of pressure ulcers is different, and in the 75 

same area, there are biomechanical changes in the process of turning over. It is 76 

necessary to reveal the biomechanics mechanism leading to pressure ulcers in order to 77 

better guide pressure ulcers care, such as the optimal care angle and the specific care 78 

position. 79 

For the purpose of explaining the biomechanical mechanism of human turning 80 

over movement from supine position, the paper explores the interaction between the 81 

typical sites of pressure ulcers and stress condition in the process of turning over 82 

from supine position, then the result of the experiment in which the body side turn 83 

90° can be observed. After that, this paper implements three-dimensional 84 

reconstruction of the human skeleton with the help of CT (Computed tomography) 85 

scan image and finite element analysis by ABAQUS to analyze the stressful 86 

condition of human body. Finally, the contact pressures between the common sites 87 

of pressure ulcers and the sensor are obtained by means of the pressure distribution 88 

test sensor. Comparing the calculation results, simulation results and experimental 89 

results, the variation in pressure of the body in the supine position is obtained. 90 

Methods 91 

From an anatomical perspective, the pressure ulcers are prone to occur in skeletal 92 

protuberance in which the place under pressure and lack of fat protection, no muscle 93 

wrap or muscle thin. Without the muscle between the bone and the skin to bear the 94 

buffer and decompression, the stress concentration phenomenon will occur in the skin 95 

of skeletal protuberance when the skeletal protuberance bears the vertical pressure. 96 

The following image shows the typical sites of pressure ulcers in different positions of 97 



 

 

the human body in the bed (Fig. 1), where the position of pressure ulcers on only one 98 

side is shown. The red circles represent the location of pressure ulcers and the area of 99 

pressure ulcers that may occur. Because most of the body weight concentrates in the 100 

upper body and the stress on one side of the body increases in turning over from the 101 

supine position, the typical and main sites of pressure ulcers is focused on the scapula 102 

and hip-sacrum in this movement.  103 

Theoretical force analysis of the main pressure ulcer sites  104 

The skeletal protuberance of the shoulder and hip are the main site of pressure 105 

ulcers in the process of turning over from the supine position. Furthermore, the 106 

vertical force related to shear force is the main factor in the occurrence of pressure 107 

ulcers. Therefore, the study on the contact pressure between the skeletal 108 

protuberance of the shoulder and hip and the horizontal bed surface can better 109 

explain the cause and prevention of pressure ulcers in a different angle of the supine 110 

position.  111 

The MIMICS (Materialise's interactive medical image control system) software is 112 

used to carry out three-dimensional reconstruction of the human skeleton, and the 113 

models of the scapula and hip-sacrum were obtained [21,22]. Then, through 114 

theoretical analysis and calculation of bone extrusion soft tissue in the process of 115 

turning over from the supine position, the contact pressure changes between the 116 

main sites of pressure ulcers and the horizontal bed surface will hopefully be 117 

obtained. Because the right direction of turning over from the supine position is 118 

symmetric with the left direction, the rightward roll motion was analyzed only. 119 

The extrusion force on one side of the body increases in turning over from the 120 

supine position. Theoretical stress analysis of the scapula in the process of turning 121 

over from supine position is shown in Fig. 2. When the angle of the lateral position 122 



 

 

is θ, the uniformly distributed load is  123 

FN1=GRsb+(GB+GLsb)(1-cosθ)                            (1) 124 

Where the scapular and the spine initial stress are GRsb and GB. The angle between 125 

the scapular plane and the chest plane is 30° [23]. Among them, the stress at scapula 126 

is respectively FN1 and FN2. The gravity around the spine is GB. 127 

In addition to the scapula, the hip-sacrum is also prone to pressure ulcers in turning 128 

over from the supine position. The sacrum and tailbone protrude outward from the 129 

hip-sacrum in the supine position of the body. Thus, the sacrum and tailbone bear the 130 

main body pressure. If the vertical stress of the sacrum and tailbone can be changed to 131 

the lateral stress, the incidence of the pressure ulcers will be reduced greatly. The 132 

theoretical force analysis of the hip-sacrum in the process of turning over from supine 133 

position is shown in Fig. 3. Uniformly distributed load is  134 

FN4=λGH +(1-λ)(1-cosθ)GH                                            (2) 135 

Where the gravity at hip-sacrum is GH. λ is the ratio of the initial weight of one hip 136 

to the total weight of the hip GH. Among them, the stress at sacrum is FN3. The stress 137 

at hip is FN4. Based on medical software measurement, the angle between the hip 138 

plane and the chest plane is about 45°.  139 

When the sacrum does not touch the bed, FN3=0. 140 

Biomechanical modeling of the main pressure ulcer sites 141 

Based on the CT scan slices of a healthy man, the three-dimensional reconstruction 142 

of the bone was carried out [24]. Then, the three-dimensional bone was imported to 143 

the Geomagic Studio software for optimization. Finally, the optimized bone was 144 

imported to the ABAQUS for biomechanical modeling [15, 24]. 145 

The bone is divided into the cortical bone, cancellous bone, articular cartilage and 146 

so on, and the material properties of the different parts of the bone are not the same. 147 



 

 

At present, most studies have simplified the bone into the cortical bone and cancellous 148 

bone, and regarded them as homogeneous and isotropic linear elastomers [25]. To 149 

simplify the study, the cortical bone and cancellous bone are regarded as the same 150 

material properties [26-28]. The Elasticity of the scapula is 9 GPa, Poisson’s ratio is 151 

0.3 [29]. The Elasticity of the Pelvis is 43.53 GPa and the Poisson’s ratio is 0.2 [30]. 152 

Stress is generated when bones crush soft tissue and stress concentrations lead to 153 

pressure ulcers. Although soft tissue includes muscle, skin and so on, in order to 154 

improve the efficiency of the simulation, the soft tissue is viewed as a whole and its 155 

Elasticity is 200 kPa and the Poisson’s ratio is 0.459 [31]. 156 

Different boundary conditions will be applied to the scapula and hip-sacrum in 157 

different states based on the theoretical force analysis of Fig. 2 and Fig. 3. The 158 

boundary conditions of five angles of 0°, 30°, 45°, 60° and 90° were set.  159 

The details of the model of the scapula and hip-sacrum are used to illustrate the 160 

principal constraint setting better, as shown in Fig. 4. In this figure, φ is the angle 161 

between the force line and the plane of the shoulder blade, F is the vector force 162 

applied to the bone, and represents the direction of the force from the inside out. The 163 

force on the left side is always straight down and the angle between the scapula and 164 

the horizontal plane changes. The force on the right side always points the horizontal 165 

plane from the inside of the hip. Based on the above analysis, principal constraint 166 

settings are showed that includes boundary conditions and loads, as shown in Table. 1.  167 

For the model details in the Fig. 4, constraints are set to try to keep up with reality.  168 

 169 
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 172 
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Tabel 1. Principal constraint settings between the soft tissue and bone 176 

Angle Constraint Scapula Hip-sacrum 

0° 
Boundary Conditions Tie with soft tissue, ③④ Tie with soft tissue, ⑧⑪ 

Load φ=60°, ⑤ F=Fcos45°, ⑫ 

30° 
Boundary Conditions Tie with soft tissue, ③④⑦ Tie with soft tissue, ⑧⑨⑪ 

Load φ=90°, ⑤ F=Fcos75°, ⑫ 

45° 
Boundary Conditions Tie with soft tissue, ②③④⑦ Tie with soft tissue, ⑧⑨⑩⑪ 

Load φ=105°, ⑤ F=Fcos90°, ⑫ 

60° 
Boundary Conditions Tie with soft tissue, ②③④⑦① Tie with soft tissue, ⑧⑩⑪⑬ 

Load φ=120°, ⑤ F=Fcos105°, ⑫ 

90° 
Boundary Conditions Tie with soft tissue, ②③④⑦① Tie with soft tissue, ⑧⑪⑬ 

Load φ=150°, ⑤ F=Fcos135°, ⑫ 

 177 

Contact pressure measurement experiment in the process of turning over 178 

In order to explain the laws of motion, and to verify the correctness of the 179 

theoretical analysis and biomechanical modeling, the contact pressure between the 180 

shoulder blade and hip and the bed surface in the process of turning over need to be 181 

measured experimentally. The measurement subject is a healthy volunteer, male, 24 182 

years old, 175cm in height, 70kg in weight, with no adverse health risks, meeting the 183 

requirements of the experiment. Before the experiment, the subject had filled in the 184 

informed consent form and completed the relevant review. 185 

The pressure distribution test system is chosen, whose the membrane pressure 186 

sensor manufactured by TEKSCAN of the United States is used. Pressure distribution 187 

test sensor lattice density 0.3 point/cm2, range 0.15Kg/cm2, high sensitivity, mostly 188 

used for long-term bedridden patients with pressure ulcers monitoring. The sensor 189 

contains a grid of semiconductor substrates, which can change the resistance value of 190 

the internal elements after the load pressure. And the most basic sensor is constituted 191 

by these interlaced matrixes. The resistance data of each sensing element can be 192 

measured through rapid electronic scanning, and the size, time and position of the 193 

force and pressure on the sensor can be obtained through simple calibration function. 194 

The pressure distribution test sensor can complete the real-time acquisition, display 195 



 

 

and storage of multi-channel sensor information, and can realize the calculation and 196 

analysis functions such as the contact image description, the pressure map, contact 197 

area and pressure center trajectory of various parts of the human body.  198 

Contact pressure measurement experiment in the process of turning over will be 199 

performed as shown in Fig. 5. To begin with the subject is lying flat on the pressure 200 

sensor, and the shoulder blade is in contact with the sensor. The subject does rollover 201 

in an independent supine position, and the pressure change data of the human 202 

shoulder blade is collected. Then the subject is lying flat on the pressure sensor, and 203 

the hip is in contact with the sensor. The subject does the supine roll with an 204 

independent supine position, and the pressure change data of the human hip is 205 

collected. 206 

Results 207 

Theoretical force analysis results 208 

According to the weight parameters of the human body, the following assumptions 209 

are made: B
G is 150N, sbR

G  and sbL
G  are 30N, H

G  is 400N. According to human 210 

anatomy, the ratio of shoulder blade width at the upper arm to that at the back is about 211 

2:3. The ratio   of the initial weight of one hip to the total weight of the hip H
G  is 212 

0.5. 213 

Considering the contact stress and contact area between the scapula and hip-sacrum 214 

and the bed surface are varied, the stress should be used as the standard to evaluate 215 

the best lateral position. The length information of the contact area between the 216 

scapula and hip-sacrum and bed surface was measured by MIMICS. And then, the 217 

area of the contact area was calculated by CAD (Computer Aided Design) and the 218 

area in different states was estimated according to the shape of the bone. Finally, the 219 



 

 

pressure changes of the scapula and hip-sacrum were calculated using the pressure 220 

equation P=F/S. 221 

The theoretical contact pressure of the scapula and hip-sacrum was obtained, as 222 

shown in Fig. 6. In this figure, the pressure of the scapula fell slightly within the range 223 

0° to 20°, rose a small within the range 20° to 64° and then rose significantly within 224 

the range 64° to 90°. And the pressure of hip-sacrum fell largely within the range 0° to 225 

50° and rose dramatically within the range 50° to 90°. And the lowest pressure value 226 

of the scapula and the hip-sacrum occurred in the 20° and 50° respectively. The d1 is 227 

about 1.5e4 Pa and d2 is about 1.56e5 Pa. 228 

Finite element analysis results 229 

Based on biomechanical modeling of the main pressure ulcer sites, the finite 230 

element simulation of the shoulder and hip is executed, and the stress changes were 231 

obtained as shown in Fig. 7.  232 

In the stress diagram of the scapula and nearby soft tissue, the upper and lower 233 

angles of the scapula, the medial margin, and part of the scapulae are in contact with 234 

the nearby soft tissue. And the stress region are mainly occurred in the Area I. Then 235 

with the angle of the body in lateral position increased, most of the region of the 236 

scapular ridge touches the nearby soft tissue, and the stress changes area gradually 237 

concentrates on the Area II. The area of stress concentration achieves a shift from 238 

Area I to Area II during the stress change. At a lateral rotation angle of about 30 239 

degrees, the contact area between the scapula and nearby soft tissues is relatively 240 

large, and the stress is more evenly distributed over the soft tissues. Lastly, when the 241 

lateral position is 90°, stress changes are mainly concentrated on the Area II.  242 

In the stress diagram of the hip-sacrum and nearby soft tissue, the tailbone and 243 

sacrum are in contact with the nearby soft tissue in the supine position of 0°. And with 244 



 

 

the angle of the body in lateral position increased, the main stress gradually shifted 245 

from Area III to the Area IV and the contact area between the iliac crest and the bed 246 

surface is the largest in the lateral position about 45°. The stress difference of the 247 

scapula nearby soft tissue d1 is about 6.8e3 Pa between the 0° and 30°and the stress 248 

difference of the hip-sacrum nearby soft tissue d2 is about 5.98e4 Pa between the 0° 249 

and 45°. 250 

The figure (c) shows that the stress of the scapula decreased slightly within the 251 

range 0° to 30° and then rose significantly within the range 30° to 90°. Moreover, the 252 

stress of the hip-sacrum decreased in the 0° to 45° and increased in the 45° to 90°. 253 

And the lowest pressure value of the scapula and the hip-sacrum occurred about the 254 

30° and 45° respectively. 255 

Experiment results 256 

The pressure distribution of the shoulder blade and hip was obtained after the 257 

experiment, as shown in Fig. 8. The horizontal and vertical lines are used to 258 

establish absolute coordinates and the position of the shoulder blades can be got. 259 

The geometric center of the shoulder blades is gradually moving to the left sides and 260 

the maximum pressure area is gradually moving up to the left. And the geometric 261 

center of the hip is gradually moving down to the left sides and the same as the 262 

maximum pressure area.  263 

In the figure (a), the region (1) and (2) is the pressure region on both sides of the 264 

scapula, and the pressure at the scapula is the largest in the supine position. The 265 

region (3) in figure (b) is the largest pressure point, and at this moment, the left side 266 

of the body gradually disengages from the pressure sensor, and the center of gravity 267 

shifts to the right side of the body. Figure(c) shows that the contact area between the 268 

human body and the sensor is further shifted to the right side of the body. The largest 269 



 

 

pressure point in the figure (d) is the region (6) and the mean pressure in the lumbar 270 

goes down. This is consistent with the results of the previous theoretical calculation， 271 

and verifies the correctness of the theoretical analysis. 272 

As shown in figure (e), the region (7) is the sacrum and the largest pressure region 273 

is in the sacrum. Figure (f) shows that the maximum pressure region is transferred 274 

from the sacrum region to the hip region, and the region (8) moves down to the right 275 

of the human body relative to the region (7). The pressure is distributed in most 276 

areas of the hip bone, and the contact area is the maximum. Figure (g) shows that the 277 

maximum pressure region gradually transferred from the hip region to the greater 278 

trochanter, and the region (9) continued to move to the lower right of the human 279 

body relative to the region (8), and the pressure distribution gradually concentrated 280 

in the region (9). Figure (h) shows that the largest pressure region on concentrate in 281 

the region (10), and the contact area decrease. The pressure distribution shows the 282 

characteristics of concentration to the dispersion to concentration with the angel 283 

increased in turning over from supine position. 284 

This figure (i) shows that the stress of the regio scapularis gradually rose within 285 

the range 0° to 25°, relatively stable within the range 25° to 40° and rose 286 

significantly within the range 40° to 84°. The stress of hip-sacrum gradually fell in 287 

the 0° to 40° and increased significantly in the 40° to 90°. And the lowest pressure 288 

value of the scapula and the hip-sacrum occurred in the 30° and 40° respectively. 289 

The largest pressure change curves of the shoulder blade and hip. d1 is about 8e3 Pa 290 

and d2 is about 5.9e4 Pa. This is consistent with the previous finite element analysis 291 

results, which verifies the correctness of the biomechanical modeling. 292 

Discussion 293 

Based on the anatomical configuration of the human body, the pressure ulcers are 294 



 

 

prone to occur in skeletal protuberance. The scapula and hip-sacrum are the most 295 

prominent bones which have a large area of action on human soft tissue, and most of 296 

the body weight concentrates in the upper body, so they can be considered the 297 

typical and main sites of pressure ulcers in the process of turning over from supine 298 

position. In order to estimate the biomechanical changes on the typical sites of 299 

pressure ulcers in the process of turning over, firstly, aimed at the biomechanical 300 

research of turning over from the supine position, the pressure distribution of the 301 

bone around the trunk’s main sites of pressure ulcers was analyzed and theoretical 302 

contact pressure between the bone and the bed was calculated. Based on 303 

Biomechanical model, the maximum stress change of those bones in different 304 

constraint conditions was simulated. Finally, the turning over experiment was 305 

carried on and the actual contact pressure between the typical sites of pressure ulcers 306 

and the bed was obtained. Theoretical calculation and simulation cannot simulate the 307 

real situation, and the experiment is also affected by many factors. But integration of 308 

theoretical analysis, experimental and simulation results, their trend and the 309 

numerical ratio of the calculation, simulation and the experiment are basically the 310 

same, and the study demonstrated the pressure changes of the trunk’s typical sites of 311 

the pressure ulcers in the process of the turning over [32]. 312 

The finite element analysis results and the experiment results show that the 313 

maximum stress of the scapula and the hip-sacrum and the contact pressure of the 314 

shoulder-blade and hip are the same trend, and there is an angle threshold in these 315 

results that the contact pressure is smallest. An assisted exoskeleton robot designed 316 

for this angle threshold can keep the minimum pressure when the body is in contact 317 

with the bed. At the same time, the changes of the body’s center of gravity are also 318 

known by the contact pressure cloud diagram, and it can provide a design principle 319 



 

 

that how to control the body’s center of gravity and the assisted force. Relevant 320 

findings could be applied to pressure ulcer care, as well as assisted robotic control 321 

that follows the same trajectory as the human body. 322 

Since the internal pressure of bone is not considered in the theoretical calculation 323 

and the boundary conditions set by finite element simulation are too ideal and too 324 

few, the theoretical calculation results and experiment results are certainly limited. 325 

In the following study, it will be further studied that the biomechanics of human 326 

bones in the process of turning over and to try to simulate the stress of bones in real 327 

situations. 328 

Conclusion 329 

In view of the current studies about compression of the typical sites of pressure 330 

ulcers are less, but pressure ulcer care is particularly important, so its biomechanics 331 

study is conducted, and the biomechanical changes on the typical sites of pressure 332 

ulcers in the process of turning over from supine position are revealed based on 333 

theoretical analysis, simulation and experiment. Among them, the complex skeletal 334 

movement was simplified into a staged mechanical model under the characteristic 335 

state to describe the contact between the typical sites of pressure ulcers and the bed 336 

surface during the whole rollover process, and the relationship between the contact 337 

pressure and angle is obtained. The results of calculation, simulation and experiment 338 

show the following rules: with the increase of the angle of turning over, the pressure 339 

on the shoulder increased gradually and the pressure on the hip decreased first and 340 

then increased. There is a phenomenon that the two lowest values appeared in the 341 

process of turning over and the largest value appeared in the position of 90°, and it 342 

suggests that turning over can relieve the high contact pressure between the body 343 

and the bed surface. At the same time, the largest pressure value occurs in the 344 



 

 

position of 90° shows that the body position in a large angle of turning over should 345 

not be kept for long time. There may be an optimal angle for pressure ulcer care 346 

based on the smallest contact pressure of the typical sites. Decompression devices 347 

designed based on this threshold (such as the assisted rollover robot) have better 348 

decompression effects, and clinical care guided by this threshold can effectively 349 

reduce the occurrence and recurrence of pressure ulcers. And the related results were 350 

helpful to provide a reference for clinical nursing. 351 
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Figures

Figure 1

The typical sites of pressure ulcers in turning over from supine position.



Figure 2

Theoretical force analysis of the scapula in the process of turning over from supine position.

Figure 3

Theoretical force analysis of the hip-sacrum in the process of turning over from supine position.



Figure 4

Details of the model of the scapula and hip-sacrum.



Figure 5

The measurement of the contact pressure distribution.



Figure 6

The theoretical contact pressure of the scapula and hip-sacrum and the bed in different angle.



Figure 7

The �nite element analysis outcome of the soft tissue of scapula and hip-sacrum.



Figure 8

The pressure distribution changes of scapula and hip in turning over from supine position.
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