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Technical Note

ABSTRACT
Pressure ulcers are a significant concern in patient care, particularly for those with 
limited mobility and extended hospital stays. Wavy mattresses are shown an effective 
tool for preventing or promoting the healing of these wounds by preventing pressure 
localization in different body regions. The current study aimed to present a novel dou-
ble-layered wavy mattress design for the prevention and recovery of pressure ulcers, 
addressing some of the limitations of existing mattresses. The novel mattress includes 
double-layered cells, with the upper and lower layers, filled with water and air, respec-
tively. The temperature of water in the cells can be manually adjusted to meet patients’ 
needs, prevent skin sweating, regulate body temperature, and promote blood flow 
in areas susceptible to pressure ulcers. Patients who used this novel mattress during 
their hospitalization experienced a significantly shorter recovery period for bedsores 
compared to those who used other mattresses, showing that the novel wavy mattress 
is an effective tool for preventing and recovering from pressure ulcers in long-term  
hospitalized patients with limited mobility. 
Citation: Ghaderi M, Chehre H, Fathpour H. Design and Implementation of a Novel Double-Layered Wavy Mattress for the Prevention and 
Recovery of Pressure Ulcers: A Feasibility Study. J Biomed Phys Eng. 2023;13(5):489-494. doi: 10.31661/jbpe.v0i0.2305-1617.
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Introduction

Apressure ulcer, also known as a bedsore, is a significant health 
concern for patients in hospitals; it is characterized by skin and 
tissue damage resulting from prolonged pressure or friction on 

specific parts of the body [1]. Bony areas that support body weight in 
various positions are particularly vulnerable, such as the elbows, back, 
shoulders, and sacrum [2]. Continuous pressure on these areas can 
lead to the development of pressure ulcers and, in severe cases, tissue  
necrosis [3]. 

There are several risk factors related to the occurrence of bedsores, 
such as inactivity, immobility, skin moisture, nutrition, temperature [1], 
demographic factors, body weight, and anemia [3]. Additionally, the 
lack of blood flow and the destruction of existing tissues due to pres-
sure, heat, and sweating of the body can cause bedsores in the body, 
especially in long-term hospitalized patients [3].

Given the pain and potential dangers associated with pressure ulcers, 
preventive measures are crucial and more cost-effective than treatment 
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[1, 3]. Educating healthcare personnel, imple-
menting proper skin care practices, utilizing 
prophylactic dressings, ensuring appropriate 
patient positioning, promoting early patient 
mobilization, and using support surfaces are 
among the most effective prevention meth-
ods [1]. Pressure ulcers through preventive 
policies and practices have to be addressed to 
reduce the incidence of these wounds, patient 
suffering, and healthcare costs.

The support surfaces, such as cushions, inte-
grated bed systems, and mattresses, are option-
ally used to prevent bedsores in hospitalized 
patients [1, 3]. Among these options, a corru-
gated mattress can be particularly used. Corru-
gated mattresses have dynamic and alternating 
air pressure inside their wavy structure to pre-
vent the formation of pressure ulcers. How-
ever, a significant drawback of existing cor-
rugated mattresses is their inability to detect 
and adjust for factors like body temperature, 
affecting blood flow and pressure distribution 
in different areas [2].

Pressure ulcers pose a potential risk to pa-
tients in specialized care units, resulting in 
prevention a critical aspect of nursing and 
hygiene [4]. To address the limitations of ex-
isting mattresses, this study aimed to develop 
a new double-layered wavy mattress. This in-
novative design not only redistributes pressure 
effectively but also incorporates temperature 
measurement and adjustment capabilities. In-
tegrating temperature monitoring and regula-
tion into the mattress can enhance the preven-
tion of pressure ulcers more effectively.

The development of such an innovative mat-
tress can improve patient care and reduce the 
incidence of pressure ulcers in hospitalized in-
dividuals. The additional factors, such as body 
temperature and incorporating smart technol-
ogies into the design can lead to providing a 
more comprehensive and proactive approach 
for preventing pressure ulcers.

Material and Methods
In this design & feasibility study, a nov-

el double-layered mattress is designed and  

implemented.

Design and Fabrication
The novel wavy mattress design features 

double-layered cells, as depicted in Figure 1. 
Layer A serves as the upper layer, connected 
to a water control pump. This connection aims 
to regulate the temperature of the flowing wa-
ter, catering to the specific temperature needs 
of each individual patient. By leveraging 
the principles of heat transfer and Newton’s 
law of conduction, the mattress can effec-
tively control the patient’s body temperature,  
expressed with the following Fourier formula, 
as follows [5]:

xq Th
S x

∂
= −

∂
                               (Equation 1)

where, qx is the conductive flux in a specific 
direction like x (ratio of heat to the surface), 
which is proportional to temperature changes 
in that direction; h is the coefficient of thermal 

Figure 1: The schematic of the novel double-
layered wavy mattress, a: air (A) & water (B) 
filled cells. b: other main components.
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conductivity that can be constant or variable 
with temperature; S is the area of the surface 
perpendicular to the flow direction, and T

x
∂
∂

, 
the temperature gradient, is equal to the tem-
perature changes compared to the thickness of 
the wall or the contact surface. The negative 
sign in the relationship is due to the reductive 
temperature changes, and heat transfer is al-
ways from higher to lower temperature ob-
jects.

Layer B, constituting the lower layer of the 
mattress, consists of air-filled cells, similar to 
conventional wavy mattresses. This layer is 
connected to an air compressor, ensuring the 
pressure distribution and preventing the con-
centration of pressure in areas prone to ulcers.

To monitor the temperature, multiple LM35 
temperature sensors (Texas Instruments, Dal-
las, Texas, USA) are incorporated into the up-
per layer of the mattress. These sensors also 
measure the water temperature, which is then 
displayed on a screen. Users, including pa-
tients, nurses, and hospital staff, can control 
the temperature through this screen. The water 
temperature in Layer A cells can vary within a 
range of ±5 °C compared to the normal body 
temperature of 37 °C. To facilitate cooling, an 
aluminum radiator is embedded between the 
layer A cells. Additionally, a heating element 

inside the water tank is utilized to warm the 
water when needed.

Throughout the design and manufacturing 
process, cost-effectiveness has been a priority. 
The current study aimed to utilize affordable 
devices with the highest possible efficiency, 
ensuring that the product remains economi-
cally viable.

In the design and manufacture of this prod-
uct, the cheapest devices are used with the 
highest efficiency wherever possible, leading 
to a cost-effective product.

Implementation
In the current study, the novel wavy mattress 

was successfully fabricated and placed in the 
infections department of Imam Reza Hospital 
in Kermanshah, Iran. This department primar-
ily catered to patients who required hospital-
ization due to conditions, such as amputation, 
surgery, and diabetic infections, all of whom 
were at a higher risk of developing bedsores. 
The implementation of the wavy mattress 
aimed to provide these patients with an effec-
tive preventive measure during their hospital 
stay.

Figure 2 illustrates the four stages of pres-
sure ulcers, as follows: 1) no breaking or tear-
ing in the skin, but the affected area exhibits  

Figure 2: Classification of pressure ulcers. (The image is taken from: https://myhealth.alberta.ca)
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soreness, pain, inflammation, redness, or dis-
coloration, 2) involving a shallow opening of 
the upper layer of the skin, reaching the soft 
and fatty layer underneath. The wound ap-
pears as a pinkish-red ulcer without infection 
or bleeding, which is typically painful and 
healed 3 to 21 days after the removal of pres-
sure, and 3) and 4) depicting more severe ul-
cers, in which the wounds extend deeper into 
the tissue. These stages require several months 
for complete healing and necessitate special-
ized care, including medication and potential-
ly surgical intervention [2].

During 18 months, more than 80 patients 
who were hospitalized in the infectious de-
partment of Imam Reza Hospital, Kerman-
shah, Iran, were surveyed, and patients with 
stage 3 and 4 ulcers were excluded, resulting 
in 80 patients at the end. A total of 40 patients 
used the novel wavy mattress (group A), and 
others used a normal wavy mattress (group B). 
In each group, 33 and 7 patients had stage 1 
and 2 ulcers, respectively. Also, the distribu-
tion of the ulcer sites was almost the same in 
the 2 groups.

Results
The effectiveness of the novel wavy mat-

tress was evaluated during the implementation 
phase. The patients included had either stage 
1 or stage 2 pressure ulcers, comprised of 27 
females and 13 males, with ages ranging from 
41 to 60 years old. The distribution of ulcer 
sites among the patients is provided in Table 1.

All of the patients were prescribed antibi-
otics, anti-inflammatory, and sedative (pain-
killer) drugs. Table 2 compares the duration 

of betterment in groups A & B patients with 
different pressure ulcer stages.

Pressure ulcers are a significant concern in 
the care of long-term hospitalized patients, 
typically developing due to compromised 
blood supply in areas subjected to prolonged 
pressure [3]. Figure 3 shows the most likely 
areas, in which bedsores occur in the most 
common positions of hospitalized patients.

The latest wavy mattresses are designed with 
an integrated air compressor system, automati-
cally adjusting the pressure inside the mattress 
cells based on the concentration of pressure 
in different areas of the patient’s body. This 
dynamic pressure redistribution mechanism 
ensures that pressure is relieved from specific 
points and evenly distributed across the sur-
face of the patient’s body. By preventing ex-
cessive pressure build-up in certain areas, the 
risk of developing pressure ulcers is signifi-
cantly reduced.

The air compressor system regulates the air 
pressure within the cells, optimizing comfort 
and pressure relief for the patient (Figure 4).

According to Table 2, our novel wavy  
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Table 1: The distribution of the ulcer sites in 
the studied population.

Ulcer site Number (percent)
Sacrum 36 (45%)

Shoulder & elbow 17 (21%)
Foot & ankle 12 (15%)
Other regions 15 (19%)

Table 2: The recovery duration of patients in groups A (using the novel wavy mattress) and B 
(using the normal wavy mattress).

Ulcer stage Mean recovery duration 
in group A (days)

Mean recovery duration 
in group B (days) Definition of recovery

Stage 1 3 5 Fading skin redness
Stage 2 10 20 Changing the ulcer stage from 2 to 1
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mattress has the potential to reduce patients’ 
hospitalization time by nearly half, indicating 
its potential to expedite recovery and improve 
overall patient outcomes.

Discussion
The current study aimed to present a novel 

double-layered wavy mattress design for the 
prevention and recovery of pressure ulcers. As 
depicted in Figure 4, the wavy mattress with 
two separate pressure cells effectively distrib-
utes the weight of the patient across different 
parts of the body. In this configuration, cell 
bears the weight and provides pressure relief, 
while cell B remains decompressed without 
any weight. This design prevents prolonged 

pressure on a single point [6]; however, pres-
sure alone is not the sole cause of bedsores. 
Skin moisture and body temperature also play 
significant roles [1]. In hospital settings, mul-
tiple patients are often housed in a single room 
with a uniform temperature and humidity  
level, which may not meet the individual 
needs of each patient at different times, lead-
ing to sweating in some patients while others 
feel cold in the same room [7]. 

The novel wavy mattress addresses these 
challenges by incorporating water-filled cells 
that enable individual control of each pa-
tient’s body temperature. The water in these 
cells can be heated or cooled as needed, op-
timizing humidity and temperature conditions 
based on each patient’s requirements. This ap-
proach eliminates the need to adjust the entire 
room’s temperature, saving time and energy. 
Furthermore, the novel wavy mattress aimed 
to enhance blood flow in different body re-
gions by controlling skin moisture and body 
temperature. Blood flow is crucial for the 
prevention and healing of pressure ulcers, an  
aspect, which conventional wavy mattresses 
are unable to address (Table 2).

Conclusion
The novel double-layered wavy mattress is 

considered an effective preventive and thera-
peutic solution for pressure ulcers. It not only 
provides the same advantages as traditional 
wavy mattresses but also addresses significant 
limitations. Additionally, energy efficiency is 
promoted for patients with limited mobility 
during hospitalization, and the length of hos-
pital stays is decreased. The adverse effects 
of prolonged confinement are mitigated, such 
as the occurrence or deterioration of pressure 
ulcers. The present study aimed to enhance 
and advance existing wavy mattresses by  
improving their functionality and efficacy.

Acknowledgment
The authors would like to express their sin-

cere gratitude to the dedicated staff of the in-
fection department at Imam Reza Hospital in 

Figure 3: Points of the body where the pres-
sure is concentrated.

Figure 4: Outline of a typical wavy mattress

493



J Biomed Phys Eng 2023; 13(5)

Mehrdad Ghaderi, et al

Kermanshah Iran, for their valuable coopera-
tion and support throughout the implementa-
tion of this project.

Authors’ Contribution
Regarding the authors’ contributions, M. 

Ghaderi played a pivotal role in designing 
the product and overseeing the fabrication 
of the prototype. All authors actively partici-
pated in data collection, writing, and review-
ing the manuscript, ensuring a comprehensive 
and well-rounded study. All the authors read, 
modified, and approved the final version of the 
manuscript.

Conflict of Interest
None

References
 1. Gaspar S, Peralta M, Marques A, Budri A, Gaspar 

de Matos M. Effectiveness on hospital-acquired 
pressure ulcers prevention: a systematic review. 
Int Wound J. 2019;16(5):1087-102. doi: 10.1111/
iwj.13147. PubMed PMID: 31264345. PubMed 
PMCID: PMC7948629.

 2. Boyko TV, Longaker MT, Yang GP. Review of the 

Current Management of Pressure Ulcers. Adv 
Wound Care (New Rochelle). 2018;7(2):57-67. 
doi: 10.1089/wound.2016.0697. PubMed PMID: 
29392094. PubMed PMCID: PMC5792240.

 3. Sprigle S, McNair D, Sonenblum S. Pressure Ulcer 
Risk Factors in Persons with Mobility-Related Dis-
abilities. Adv Skin Wound Care. 2020;33(3):146-
54. doi: 10.1097/01.ASW.0000653152.36482.7d. 
PubMed PMID: 32058440.

 4. Ye H, Xin D, Hu X. The Nursing Effect of PRECEDE 
Management on Occupational Exposure to Surgical 
Smoke: Based on a Randomized Controlled Study. 
Comput Math Methods Med. 2022;2022:8610517. 
doi: 10.1155/2022/8610517. PubMed PMID: 
35633927. PubMed PMCID: PMC9142279.

 5. Vollmer M. Newton’s law of cooling revisited. Eu-
ropean Journal of Physics. 2009;30(5):1063. doi: 
10.1088/0143-0807/30/5/014.

 6. Qaseem A, Mir TP, Starkey M, Denberg TD, et 
al. Risk assessment and prevention of pres-
sure ulcers: a clinical practice guideline from the 
American College of Physicians. Ann Intern Med. 
2015;162(5):359-69. doi: 10.7326/M14-1567. 
PubMed PMID: 25732278.

 7. Keller BP, Wille J, Van Ramshorst B, Van Der 
Werken C. Pressure ulcers in intensive care pa-
tients: a review of risks and prevention. Intensive 
Care Med. 2002;28(10):1379-88. doi: 10.1007/
s00134-002-1487-z. PMID: 12373461.

494


