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Abstract. [Purpose] Although prone positioning is used to increase oxygenation in various respiratory condi-
tions, this positioning can lead to facial and limb pressure ulcers. The aim in this study was to investigate body pres-
sure variations in the prone position for different facial orientations and upper extremity positions. [Participants and
Methods] Nineteen healthy young women participated in this study. Body pressure (maximum body pressure on the
face, chest, elbows, and knees) was measured in six different prone positions with different face orientations and up-
per extremity positions, and the median value of each body pressure measurement was compared among postures.
[Results] Face pressure tended to decrease when face orientation coincided with the raised side of the upper limb. In
contrast, elbow pressure tended to be lower when the orientation of the face did not coincide with that of the raised
side of the upper limb. [Conclusion] Pressure on the face and elbows can be reduced by placing the upper limbs in
the prone position. This suggests that targeted and specific positioning may be useful for limiting the incidence and
severity of pressure ulcers in these areas.
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INTRODUCTION

Prone therapy is widely used as a noninvasive treatment for acute respiratory distress syndrome (ARDS) and coronavirus
disease 2019 (COVID-19)!-3). A meta-analysis of the effects of prone therapy on ARDS treatment reported improved mortal-
ity when patients were placed in the prone position for >12 h/day compared to <12 h/day®. Furthermore, a meta-analysis of
the effects of prone therapy on COVID-19 reported lower mortality and improved oxygenation when patients were placed
in the prone position than in the supine position®. Therefore, prone therapy is a cost-effective and beneficial modality for
treating ARDS and COVID-19.

The prone position is defined by the trunk orientation and direction of gravity, and the oxygenation improvement effect
depends on changes in the direction of gravity. The prone position reverses the direction of gravity, compared with the supine
position, which changes the position of the heart and diaphragm, ultimately resulting in homogeneous lung perfusion and an
improved V/Q ratio®'?). However, complications are more common in the prone position including tube occlusion, eye and
nerve damage, and pressure ulcers'?. In particular, facial pressure ulcers have been commonly reported, with approximately
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half of the patients with COVID-19 treated in the prone position having facial pressure ulcers!¥). Although device-related
injury is an important factor in facial pressure ulcers in intubated patients'>), pressure control is important to prevent the risk
of pressure ulcers because increased local pressure induces their development.

The relationship between trunk orientation and direction of gravity is important in prone therapy, whereas face orientation
and limb position are poorly discussed owing to their non-involvement in the ventilation improvement described above,
which may be related to the variability in positioning reported in prone therapy practice'®'®). However, reducing local pres-
sure reduces the risk of pressure ulcers during prone therapy, whereas different positioning during prone therapy may affect
local pressure and increase the risk of pressure ulcers. Owing to the functional and structural connection between the head/
limbs and trunk, and differences in head/limb positioning affects each other’s positions through the trunk!® 29,

This study aimed to clarify the effects of different prone positions on body pressure. Furthermore, we investigated whether
placing facial pressure on where pressure ulcers are commonly reported, correlates with the range of head rotation. We
believe that this study provides basic information on how to position patients in the prone position to reduce the risk of
pressure ulcers.

PARTICIPANTS AND METHODS

This interventional study compared body pressures in different prone positions in a single population?!). In addition, the
relationship between body pressure and head rotation/body mass index (BMI) were investigated. This study was approved by
the Medical Ethics Review Committee of Mejiro University (approval number: 21Medical-012).

19 healthy young women were recruited using convenience sampling?>24., Written informed consent was obtained from
the participants before the study was conducted. The inclusion criteria were as follows: (i) female sex, (ii) free from pain or
other conditions that could interfere with the prone position, and (III) BMI <30. The exclusion criteria were as follows: (i)
Male sex and BMI that did not meet the abovementioned criteria; and (ii) a history of orthopaedic or neurological disease
that can interfere with the prone posture. Participants’ mean age + standard deviation was 19.6 + 1.2 years and mean BMI
was 21.3 +2.1.

Female participants were chosen because body pressure in the prone position is more likely to be affected by differences
in body shape between males and females*), and the size of the sensor sheet used to measure body pressure may not be
compatible with that of males.

The participants’ range of motion of head rotation was measured and they were placed in six prone positions in a random
order (Fig. 1). Each position was held for 2 min on a pressure-dispersing mattress (Everfit C3, Paramount Bed Co., Tokyo,
Japan), and the body pressure was recorded. Subsequently, the participants rested in a sitting position for 1 min before
moving to the next test position.

The following section describes the measurement of the angle of head rotation. The basic axis of head rotation was a line
connecting the right and left acromions of the scapula, whereas the moving axis was a line connecting the top of the head and
the external occipital protuberance. The participants were filmed from above the head, and the angles were later calculated
in 1° increments using video analysis software (Media Blend, DKH Co., Tokyo, Japan (now Q’sfix Co., Tokyo, Japan)). The
automatic range of motion for each participant’s head rotation was measured thrice on each side in a sitting position within a
pain-free range, and the average of the three measurements on each side was used.

Body pressure was measured using the following method. A body pressure measurement sensor sheet (SR Soft Vision,
Sumitomo Science & Engineering Co., Aichi, Japan) was placed on the mattress and body pressure data were extracted for
10 s, 1 min after the start of the measurement. The maximum pressure values on the face, chest, elbows, and knees were
recorded from the extracted data. Two pressure sensors (SR Soft Vision full-body version and SR Soft Vision numerical ver-
sion) were used simultaneously for whole-body measurements because the pressure sensor sheet (SR Soft Vision full-body
version) used in this study could not measure elbow pressure (Fig. 2).

EEEEK

posture 1 posture 2 posture 3 posture 4 posture 5 posture 6

Fig. 1. Test postures (prone).
Participants rested for 2 min in each of six different prone postures.
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The body pressure measurement sensor sheet (SR Soft Vision full-body version), used to measure body pressure on the
upper body, had a pressure-sensitive area of 1,800 mm (length) x 700 mm (width), a spatial resolution of 28 mm? and a
measuring range of 15-110 mmHg, with a display of 0 mmHg for <10 mmHg and 10 mmHg for between 10 mmHg and 15
mmHg. Considering the elbow, some participants had a pressure <15 mmHg, in which case the displayed value was taken as
the participant’s body pressure.

The body pressure measurement sensor sheet (SR Soft Vision numerical version) used for the knee had a pressure-sensitive
area of 350 mm (length) x 350 mm (width), spatial resolution of 22 mm?, and measurement range of 20-200 mmHg. None
of the participants had body pressure <20 mmHg at the knee.

For statistical analysis, body pressure was compared using means. Analysis of variance was used to compare body pres-
sures between test postures, and when significant differences were found, the multiple comparison method was used to
confirm the differences between postures.

The range of motion of head rotation and the correlation between BMI and pressure on the face were tested using Pear-
son’s correlation coefficient as normality was confirmed.

All tests were performed using the Windows version of R.4.2.2 (CRAN, Freeware), with significance set at <5%.

RESULTS

Detailed body pressure data (mean + standard deviation) for each posture in the prone position are shown in Table 1.
For the elbows, data are shown only for postures in which the elbows were in contact with the mat (posture 1: both elbows;
postures 2 and 3: left elbow; postures 4 and 5: right elbow).

Significant differences in body pressure based on the posture were found only for the face and left and right elbows; no
significant differences were found for the chest and knees based on posture.

In the prone position wherein the direction of the face and the side of the raised upper limb were different (postures 2 and
4), the pressure of the face tended to be higher than that in other positions (posture1<4*** posture 3<4**, posture 5<4***
posture 0.3<2%).

[ @

sensor sheet

numerical version

sensor sheet
full-body version

Fig. 2. Body pressure measurement.

A body pressure measurement sensor sheet (SR Soft Vision Sumitomo Science & Engineering Co.) was placed on the mattress. Two pres-
sure sensors were used, because it was not possible to measure pressure at the elbow with only one sensor sheet. The maximum pressure
values on the face, chest, elbows, and knees were recorded from the data obtained. PC: personal computer.

Table 1. Test posture and pressure in each parts of the body (mean + standard deviation)

Posture 1 Posture 2 Posture 3 Posture 4 Posture 5 Posture 6 Significant difference
Face 42.6+5.8 48.4+9.6 421+69 51.1 +£8.6 41.1+6.6 46.0+ 7.6 POs.1<4¥** pos.3<4**,
poOs.5<4¥** pos.3<2%*
Chest 39.7+4.7 40.6 6.9 38.5+3.0 393+6.4 41.6+5.6 39.5+6.2 n.s.
Elbow (Rt.) 26475 - - 16.7+7.1 251+6.3 - POs.4<I*** pos.4<5***
Elbow (Lt.) 26.8+4.8 173+ 6.4 23.8+6.7 - - - pos.2<I**, pos.2<3**
Knee (Rt.) 413+ 11.9 40.1 £9.1 41.5+127 419+ 114 41.0£75 42.8+10.4 n.s.
Knee (Lt.) 443+ 113 433 +89 427+ 11.4 447 £ 11.5 45.5+10.7 439+ 14.2 n.s.

All units are in mmHg. *p<0.05, **p<0.01, ***p<0.001.
For the elbows, pressure was only measured in the upper limb elevation position. This was because the elbows were only in contact with
the mat when the upper limb was elevated. pos: posture; Rt: right; Lt: left.
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Body pressure on the elbows tended to be significantly lower in the prone position in which the direction of the face and
the side of the raised upper limb were different (postures 2 and 4), than in other prone positions.

Overall, body pressure in all prone positions, except the elbow, was approximately 40 mmHg, which is considered a
borderline value for risk of pressure ulcer, and only the elbow tended to have a lower pressure. The correlation coefficients
between BMI and facial body pressure in each posture ranged from —0.05 to 0.44, and no significant correlation was found
between BMI and facial body pressure in any posture.

The relationship between the range of motion of head rotation and body pressure on the face in each limb position was
investigated. The range of head rotation (mean + standard deviation) of the participants was 60.1° £+ 9.0° for right rotation
and 61.5° = 11.1° for left rotation, with no difference between right and left. The correlation coefficients between a rotational
range of motion and facial body pressure in each posture ranged from —0.41 to 0.01, and no significant correlation was found
between the range of head rotation and facial body pressure in any posture.

Figure 3 shows examples of the typical distribution of upper body pressure for each examination position.

In the posture in which both upper limbs were raised (posture 1), the body pressure in the chest was approximately equally
distributed between the left and right sides. In the position where the direction of the face and the side of the raised upper limb
were the same (postures 3 and 5), many participants showed a bias of body pressure in the chest towards either side (posture
3: 17/19 participants; posture 5: 15/19 participants). In contrast, in the prone position, where the direction of the face and the
side of the raised upper limb were different (postures 2 and 4), more participants showed an equal distribution of pressure in
the thoracic region than in postures 3 and 5. In the posture with both upper limbs down (posture 6), the body pressure tended
to be slightly higher on the chest on the side opposite to the direction of the face.

In positions where the direction of the face and the side of the raised upper limb were the same (postures 3 and 5), more
participants tended to have body pressure distributed widely over the forearms than in the prone position where the direction
of the face and the side of the raised upper limb were different (postures 2 and 4).

DISCUSSION

This study investigated the effect of the head and upper limb positions on pressure in the prone position. The results
showed that pressure on the face and elbows could be influenced by the head and upper limb positions. This study suggests
that facial pressure can be reduced by elevating the upper limbs ipsilateral to the face. In addition, although elbow pressure
was influenced by positioning, vertical pressure was low, suggesting that factors other than vertical pressure should be
considered for prevention of pressure ulcer.

Local body pressure is an important risk factor for the development of pressure ulcers, with a cutoff value of approximately
40 mmHg. In the present study, the body pressure on the face, chest, and knees was approximately 40 mmHg, suggesting that
these areas are at high risk of pressure ulcers in the prone position, which is mostly consistent with that reported by studies on
actual pressure ulcer incidence?® 27, In contrast, the pressure at the elbow was approximately 20 mmHg, with few reports of
actual pressure ulcers. Three factors can cause pressure ulcers: compressive, tensile, and shear stress?®). The pressure sensor
used in this study measured the compressive stresses of the three factors. In the prone position, compressive stresses on the
elbow are relatively low; therefore, an approach that reduces tensile and shear stresses may be effective for treating elbow
pressure ulcers.

The face is the most commonly reported site of pressure ulcers in the prone position. In this study, facial pressure tended
to be higher when the face orientation was different from the side of the raised upper limb (postures 2 and 4). However, the

posture 3 zum

posture 2
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Fig. 3. Examples of the typical distribution of upper body pressure for each test postures.
Blue, green and yellow indicate higher body pressure in that order.

posture 6
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facial pressure tended to be lower when the face orientation and the side in which the upper limb was elevated were the same
(postures 3 and 5). This suggests that the relationship between face orientation and the side of the raised upper limb influences
the body pressure on the face.

In the prone position, the head rotation must be lateral for breathing, whereas trunk rotation supports the head rotation
required for the prone position. Head rotation causes ipsilateral trunk rotation through the upright reflex. Additionally, the
unilateral elevation of the upper limb in the prone position causes trunk rotation to the side of the elevated limb. In postures 2
and 4, trunk rotation was offset because the direction of trunk rotation caused by head rotation was different from that caused
by upper limb elevation. This was supported by the fact that there was little imbalance in the distribution of body pressure
in the chest region in postures 2 and 4, as shown in Fig. 3. When there is less trunk rotation, a greater head rotation in the
prone position is required. Increased head rotation would have increased the static tension in the contralateral rotators and
ligaments, which may have contributed to increased facial pressure. In contrast, in postures 3 and 5, the direction of trunk
rotation caused by head rotation and elevation of the upper limbs were the same; therefore, trunk rotation was considered
easier. Trunk rotation may have reduced the head rotation required for postures 3 and 5. The uneven distribution of chest
pressure as shown in Fig. 3 (postures 3 and 5) may be the result of trunk rotation. In postures 3 and 5, trunk rotation supported
head rotation, which may have contributed to reduced facial pressure.

Body pressure at the elbow tended to be lower in postures 2 and 4, where the orientation of the face and the raised side
of the upper limb were different, and some participants did not have their elbow in contact with the mat (body pressure, 0
mmHg). Sufficient external rotation of the shoulder joint is required for the elbow to make contact with the mat. Toyoda et
al. compared the range of motion of external rotation of the shoulder joint in 90° abduction and 30° horizontal flexion and
reported that the range of motion of the external rotation was higher in 30° horizontal flexion?”. In postures 3 and 35, the
shoulder joint on the elevated side was slightly more horizontally flexed than that in postures 2 and 4 owing to trunk rotation.
Therefore, the shoulder joints were more likely to be externally rotated and the elbows were more likely to be in contact with
the mat, which may have influenced the increased pressure on the elbows. In contrast, in postures 2 and 4, it was assumed
that participants without a sufficient external rotational range of motion of the shoulder had more body pressure on the hand
than on the elbow.

Head rotation is necessary for breathing in the prone position. The results of this study showed no significant correlation
between head rotation and body pressure on the face. The participants in this study were healthy young woman. As age and
sex also influence joint flexibility3% 31, it is speculated that the subjects had sufficient head and neck mobility to assume a
prone position.

This study has three potential limitations. First, the sample size of 19 young women is insufficient and does not necessar-
ily reflect the trends among young women. The fact that there was only one set of measuring equipment and that only one
participant could perform the measurement at a time, had an impact on the recruitment of participants. Second, although
we considered trunk rotation to be a factor influencing the pressure on the face and elbows, this was only inferred from the
distribution of body pressure, and actual trunk rotation was not measured. This assumption should be confirmed in future
studies. Third, the environment at the time of measurement did not correspond to the medical care situation because medical
care involves regular changes in position, and air mats are sometimes used in addition to the mats used in this experiment.
In the future, we plan to collect data on different medical environments, such as different mat types and changes in body
pressure over time.

The aim of prone therapy is to improve ventilation; however, head and limb positioning are often not considered. To
maximize the benefits of prone therapy, it is essential to minimize the complications, and prone management should combine
easy access to medical procedures such as ventilators and intravenous fluids with a reduction in complications such as
pressure ulcers. Pressure ulcers, particularly those on the face, are common complications of prone positioning and must be
carefully considered during prone therapy.

This study investigated the effect of head and upper limb positions on pressure in the prone position. The results showed
that pressure on the face and elbows could be influenced by the head and upper limb positions. This study suggests that facial
pressure can be reduced by elevating the upper limbs ipsilateral to the face. However, for clinical reasons, it may not always
be possible to elevate the ipsilateral upper limb towards the face. In such cases, caregivers must consider more frequent
repositioning and utilisation of other pressure-reduction or offloading strategies. In addition, although elbow pressure was
influenced by positioning, vertical pressure was low, suggesting that factors other than vertical pressure should be considered
for prevention of pressure ulcers.
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