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Abstract 

Energy spent during daily activities is recuperated by humans through sleep, ensuring optimal performance on 
the following day. Sleep disturbances are common: a meta-analysis on sleep quality showed that 15–30% of adults 
report sleep disorders, such as sleep onset latency (SOL), insufficient duration of sleep and frequently waking up at 
night. Low back pain (LBP) has been identified as one of the main causes of poor sleep quality. Literature findings are 
discordant on the type of mattress that might prevent onset of back pain, resulting in an improved quality of sleep. 
We conducted a systematic literature review of articles published until 2019, investigating the association of different 
mattresses with sleep quality and low back pain. Based on examined studies, mattresses were classified according to 
the European Committee for Standardization (2000) as: soft, medium-firm, extra-firm or mattresses customized for 
patients affected by supine decubitus. A total of 39 qualified articles have been included in the current systematic 
review. Results of this systematic review show that a medium-firm mattress promotes comfort, sleep quality and 
rachis alignment.
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Introduction
Human beings usually spend around a third of their life-
time sleeping [1], even though this enables individuals to 
satisfactorily exploit the remaining two-thirds of the day 
only if sleep was free from disturbances or interruptions. 
In the past years, an increasing number of people have 
been complaining of sleep disorders [2].

Although optimal sleep duration is between 7 and 8 h 
per day, it has been highlighted that a reduction in sleep-
ing hours has occurred, due to work habits or overall 
changes in lifestyle. A reduction in sleep hours or sleep 
quality inevitably has negative impacts on individuals’ 
health, as well as on life and mood quality [3].

Low back pain should be taken into consideration 
among factors that reduce sleep quality.

Although several studies acknowledge the significance 
of mattresses for sleep quality, there is no common agree-
ment on the optimal design of a mattress to alleviate or 
prevent cervical or low back pain. Detrimental effects 
on health led us to analyse which mattress might act as a 
solution to these problems [4].

Mattress firmness seems to play a leading role as differ-
ent studies show that medium-firm surfaces might effec-
tively reduce pain in individuals complaining of back pain 
[5].

An increasing number of companies are promot-
ing their mattresses claiming that they might be able to 
improve sleep quality and quality of life as a consequence, 
pretending that their mattresses are “orthopaedic mat-
tresses” with therapeutic properties. However, such 
claims are not supported by enough evidence.

Open Access

Journal of Orthopaedics 
and Traumatology

*Correspondence:  gianfilippocaggiari@gmail.com
1 Orthopaedic and Traumatology Department, Università degli Studi di 
Sassari, 07100 Sassari, Italy
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-7618-6732
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s10195-021-00616-5&domain=pdf


Page 2 of 24Caggiari et al. Journal of Orthopaedics and Traumatology           (2021) 22:51 

Several studies in the literature aimed to assess which 
could be the best mattress to prevent back pain and 
improve sleep and life quality; however, the lack of univo-
cal findings suggests that additional research on this issue 
is warranted. Therefore, the aim of this review is to evalu-
ate available studies so as to understand which mattresses 
can effectively reduce back pain or prevent its onset. In 
this way, healthcare professionals will be able to recom-
mend to patients the correct type of mattress to limit 
or avoid back pain symptoms, thus providing them with 
benefits in terms of life quality.

Materials and methods
Studies carried out between 2000 and 2019 have been 
included in the current review. Mattresses analysed in 
the studies examined by our research group have been 
classified according to the European Committee for 
Standardization (2000) as soft, medium-firm, extra-firm 
or customized to avoid supine decubitus.

The databases searched include the Cochrane Library, 
PubMed (Digital Biomedical Archives and Health Sci-
ences of the US National Institutes of Health), Google 
Scholar, Web of Science and Scopus.

The selection of search terms was tailored to match 
the search tools of each database, using MeSH terms 
to search in the databases Science Direct, PsycINFO, 
EMBASE, PubMed, Google Scholar, Web of Science, 
Scopus and Cochrane Collaboration. The following terms 
were used as descriptors: mattress and ergonomics, mat-
tress and pain, mattress and vertebral column, mattress 
and sleep, mattress and quality of life.

Articles were sourced by searching the databases using 
the search strategy, or by searching for “similar articles”. 
Inclusion criteria for the articles were publication in Eng-
lish, being published between the years 2000 and 2019 
and studies conducted on adults over 18 years of age.

The first screening of articles was carried out by read-
ing the titles and abstracts; those that had no relation 
to the subject, considering the inclusion and exclusion 
criteria, were excluded. A total of 323 potentially rele-
vant papers were identified in the five investigated data-
bases; these articles were selected by eliminating those 
with titles that did not correspond with the search, for 
example concerning certain categories (athletes, chil-
dren, hospitalized adults), or were aimed at the study of 
certain pathologies (sudden death, ulcers, asthma, and 
other pathologies not related to our study), excluding 
194 duplicates. After abstract analysis and reading, 70 
articles were selected for full reading, after which 31 arti-
cles were excluded. Articles were excluded if they did not 
account for any biomechanical measurements or inves-
tigations; for example, some excluded articles only dealt 
with posture behaviour, cardiovascular and pulmonary 

measurements, questionnaires, temperature and humid-
ity. Articles on medical-use mattresses, particularly 
those describing anti-pressure sore mattresses, were also 
excluded.

There was a total of 39 articles for analysis. The process 
of selecting studies is shown in Fig. 1, using a Preferred 
Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) flowchart.

A data extraction table was designed to collate infor-
mation from the studies. For the analysis of the stud-
ies, an instrument composed of the following items was 
used for obtain data: author name, study type, research 
designs, levels of evidence (Melnyk & Fineout-Overholt, 
2005), populations, samples, results and conclusions. 
These research characteristics are presented in Table 1.

Level of evidence: 1 article was classified as evidence 
I (systematic review with and without meta-analysis); 
7* as evidence II (randomized controlled clinical trial); 
27* as evidence III (controlled clinical trial without ran-
domization) and 4* as evidence level VI (evidence from 
a single descriptive or qualitative study). Each article 
has been carefully analysed by two independent review-
ers to determine whether it was compliant in terms of 
inclusion and to evaluate methodological quality. In case 
of discrepancy between reviewers’ evaluations, a third 
reviewer intervened to analyse the controversy.

Results
A total of 39 articles were considered compliant with 
inclusion criteria. Articles included in the current review 
and main results are presented in Table 1.

Such articles underlined the association between back 
pain decrease and mattress characteristics, in terms of 
design and firmness, that promote sleep quality and cor-
rect column alignment. Evaluating articles on effective 
pain relief deriving from use of specific mattresses, three 
crucial results emerged: three types of mattresses showed 
the ability to achieve more effective pain relief in study 
participants.

Some authors declared that a mattress with intermedi-
ate firmness might reduce back pain [6–10]. In the litera-
ture, some authors recommended mattresses with an air 
overlay system to reduce pain, while others showed that 
variation of temperature can promote sleep [11–14].

Jacobson et al. conducted a study comparing back pain, 
shoulder pain, spinal stiffness, quality, comfort and sleep 
efficiency in volunteers who had been usually sleeping on 
commercial spring mattresses (phase 1) and rested for 
28 days on medium-firm mattresses (phase 2). Jacobson 
et al. used a pre-test and a post-test after the experimen-
tal phase, using symptomatic patients as a control. In 
all cases, independently from initial sleep control, ben-
efits were observed as a result of using a medium-firm 
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mattress, independently from age, weight, height, and 
body mass index (BMI). Besides, improvement appeared 
to be progressively increasing between the first and the 
fourth week since adoption of new mattresses [5].

Kovacs et  al. conducted a double-blind multicentric 
controlled study evaluating 313 adults diagnosed with 
non-specific chronic low back pain upon waking up. 
Results showed that, even though improvement was 
observed using both mattresses, patients with medium-
firm mattress reported a higher level of improvement 
both in terms of pain and disability. Thus medium-firm 
mattresses are recommended to patients suffering from 
non-specific chronic low back pain.

Some authors studied the efficacy of overlay systems 
made by using different techniques and materials. Spe-
cifically, Monsein et al. carried out a study on 30 patients 
diagnosed with severe low back pain who did not suffer 
from sleep disorders or sleep apnea syndrome.

Some authors studied the efficacy of overlay systems 
made by using different techniques and materials. Final 
results showed a significant benefit in terms of pain 
symptoms and sleep quality in patients who had slept 
on this kind of mattresses [11]. Similar results for what 
concerns pain decrease and sleep quality were reached 

by using an air-filled mattress low-pressure fixed over-
lay (Repose). A study from Price et al. was based on this 
type of overlay used for 4 weeks by 19 patients affected 
by chronic low back pain and sleep disorders. Results 
were statistically significant in terms of decrease in night 
awakenings as well as for sleep quality and relieved low 
back pain [12].

Body temperature is among parameters taken into con-
sideration. Raymann group evaluated sleep quality in 
response to manipulating external body temperature by 
using a thermal suit with water perfusion and without 
altering core temperature. This study seems to be crucial 
to understanding the importance of mattress firmness; in 
fact, a mattress which is too firm does not let shoulders 
sink into the mattress, consequently leading to a lack of 
adequate support to neck and shoulders that causes pain 
and joint stiffness. On the other hand, in mattresses that 
are too soft, hips and shoulders sink too much into the 
mattress, leading to column misalignment. The study 
concluded that a customized mattress (customized infla-
tion) is able to provide column with higher support dur-
ing sleep on side position [4, 15]. Krauchi et  al. in their 
study underlined once more the importance of room 
temperature in influencing sleep, even though it is still 
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unclear how this occurs. Results showed an improved 
rachis alignment in beds adapted by an active control 
that adapted beds, supports and mattresses to the mor-
phology of the examined rachis [16].

Discussion
In the Jacobson et  al. study, 59 healthy subject were 
enrolled: active individuals, free from known muscu-
loskeletal pathologies, who had been sleeping on com-
mercial spring mattresses for the past 5  years; however, 
they had occasionally reported physical discomfort dur-
ing sleep, back stiffness once awake and poor sleep qual-
ity, even though no pathological condition associated 
with sleep had been diagnosed. Volunteers from this 
study were asked to fill a questionnaire daily for 28 days 
to investigate back pain, shoulder pain, column stiff-
ness, quality, comfort and sleep efficiency [5, 7, 8]. The 
same questionnaires were administered to the same sub-
jects during the following 28  days after having slept on 
a medium-firm mattress delivered at their households. 
The mattress had the following characteristics: medium-
firm surface based on these components: foam-encased 
Bonnell spring unit, densified fibre pad, super-soft foam, 
damask cover, semi-flex foundation, slick fibred; they 
had the same size as mattresses previously used by vol-
unteers. Results revealed significant improvement for all 
parameters previously indicated [14].

At the end of the experimental phase at day 28, a back 
pain decrease of approximately 48% and an improvement 
of sleep quality of 55% were reported; such improvement 
correlated with a significant decrease in stress levels.

At months 5–6 from the initial experimental phase, 
individuals were subjected to an additional assessment 
to complete the evaluation, reporting whether positive 
effects obtained had lasted over time. In addition, higher 
BMI was associated with worse sleep quality in both 
phases [8].

Kovacs et  al. conducted a study with 313 adults with 
non-specific chronic low back pain upon waking up. 
Mattress firmness was scored based on the scale devel-
oped by the European Committee for standardization 
and went from 0 (maximum firmness) to 10 (minimum 
firmness). Firm (Hs = 2·3) and medium-firm (Hs = 5·6) 
mattresses were randomly allocated to patients. Patients 
were analysed at time 0 and at 90 days through a visual 
analogue scale (VAS) scale upon waking up and after 
30 min and with a Spanish version of the Roland Morris 
questionnaire to evaluate the degree of disability experi-
enced during daily activities.

In a study by Monsein et  al., patients were asked to 
complete a Short Form 36 Health Survey Questionnaire 
(SF-36) and VAS scale at three different times: after 
sleeping in their own bed, after 28 days spent on a spring 

bed with an air topper and then after a period of sleep in 
their own beds again for 14 nights.

The majority of studies assessed mattress firmness on 
the basis subjective evaluations, except Kovacs et al., who 
applied the European Committee Standardization Scale 
of firmness of mattresses [9]. Subjects from all above-
mentioned studies used a reproducible grading scale to 
assess back pain and sleep quality.

However, contrasting results can be found in the 
literature.

Several authors evaluating the relationship between 
mattress design and sleep quality studied materials and 
structural properties of spring mattresses [17]. No sig-
nificant correlation was found between mattress firm-
ness and sleep quality. However, authors described that a 
deeper and more effective sleep was observed with softer 
mattresses, having specificities related to the characteris-
tics of each subject.

Tonetti et  al. compared a latex mattress and a tradi-
tional spring mattress in 16 healthy volunteers, evaluat-
ing pre- and post-results of both through an actigraphy 
and a Mini Sleep Questionnaire (MSQ).

An objective improvement in sleep efficiency, sleep 
onset latency and motor activity during sleep was 
reported for both mattresses; however, no improvement 
in sleep quality subjective perception was highlighted for 
the latex mattress.

Likewise, Park et al. evaluated the correlation between 
anthropometric characteristics, body weight pressure 
distribution, spinal curve and characteristics of mat-
tresses. In this study, six types of material were used for 
the mattresses: three different types of cotton, felt, sponge 
and elastic cotton. The column curve was measured both 
supinely and standing up through tridimensional meas-
urements. Pressure measurements were taken by using 
sensors distributed from shoulders to hips. Patients were 
asked to classify each surface with a specific seven-point 
score for a subjective evaluation. Based on results from 
this study, the best mattress was that whose materials 
and design ensured a rachis curve similar to what usually 
showed while standing up [18].

Raymann group evaluated that an increase of just 0.4° 
led to a decrease in night awakenings and an improved 
sleep quality, also highlighted by an increase in slow wave 
activity recorded by electroencephalography [19]. This 
study was a pioneer for other studies to develop pos-
sible thermoregulation systems to be inserted inside a 
mattress.

Another parameter studied in the literature is the 
body–mattress contact pressure, commonly associ-
ated with pain level and discomfort [7, 20]. The system 
to measure body pressure was characterized by sheet 
sensors, so thin and flexible that they just minimally 
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interfered with mattresses [21–24]. However, sensors can 
disperse concentrated pressure anyway and then under-
estimate the pressure peak. Similarly to the contact pres-
sure principle, some studies analysed the loading effects 
of support in some areas using a load cell matrix. Peak 
pressure, mean pressure and contact area were often 
measured in different body sites to judge whether pres-
sure was reduced. These tools were used by Fan-Zhe Low 
to demonstrate that, compared with polyurethane (PU) 
mattresses, latex mattresses better distribute body pres-
sure points when lying down, reducing peaks involving 
thorax and sacral areas [25].

Spine alignment was the second most studied param-
eter, alongside body–mattress contact pressure. Physi-
ological sagittal and coronal planes, in fact, reduce 
musculoskeletal pain. In the past, several studies car-
ried out measurements of body alignment focusing on 
only two dimensions by using a video camera. Recently, 
some studies attempted to perform tridimensional (3D) 
measurements using an eye-tracking system through a 
webcam equipped with a depth sensor/infrared projec-
tor (Kinect, Microsoft, Redmond, WA, USA) to achieve 
a recording of images on both sagittal and coronal planes 
[15, 25–29], [30–33].

To evaluate sleep characteristics through objective 
data, some researchers identified a number of pressure 
points on the column that might be considered addi-
tional decisive factors to prescribe a mattress. Further-
more, patients were subjected to polysomnography and 
to a constant measurement of body temperature during 
sleep. Comfort was evaluated based on the body pres-
sure on the mattress and on the column curvature both 
standing up and lying down. In this case, mattresses were 
evaluated as comfortable when during sleep they exhib-
ited a curve with angles similar to the column curvature 
while standing up. As a result, the most comfortable mat-
tresses that guaranteed also a better sleep quality were 
those that maintained a higher body temperature during 
sleep, at the same time supporting the column curve and 
minimizing unnecessary body movements [15, 34]. Based 
on findings achieved by studies previously illustrated, 
other research groups introduced a concept of “custom-
ized mattress” according to the posture of each subject.

In this study, soft, firm and customized mattresses were 
tested by applying sensors on participants’ spinous pro-
cesses to record rachis alignment through an eye-track-
ing system during lateral position at rest for each of the 
three types of mattresses.

The objective was to evaluate how different types of 
mattresses modify rachis morphology in maximum pres-
sure points in both supine and side positions. Mattresses 
used were: Perfect Contour Extraordinaire Dorches-
ter By King Koil, Beautyrest Calibri Firm by Simmons; 

Posturepedic Afton Plush by Sealy; Perfect Sleeper 
Southdale by Serta. As expected, the pelvic area pre-
sented with higher values compared with the thorax. The 
best distribution of body contact pressure was attained 
by the Perfect Contour Extraordinaire Dorchester by 
King Koil, while The Perfect Sleeper Southdale by Serta 
showed a lower rachis curve alteration but higher contact 
pressure involving points of maximum pressure in both 
supine and prone positions [4].

Krauchi et  al. used inclusion and exclusion criteria in 
their study. Twenty-eight male subjects aged between 25 
and 30 years (BMI 19–25 kg/m2) were included in their 
study and evaluated through a sleep assessment chart. 
Exclusion criteria were: unsettled severe diseases, his-
tory of alcohol or illegal substances abuse, neurological 
disorders, cranial trauma and mental disorders accord-
ing to the Diagnostic and Statistical Manual of Mental 
Disorders (DSM-V, American Psychiatric Association, 
2013); other exclusion criteria were: Mini Mental Test 
Score < 26, administration of drugs affecting the central 
nervous system (CNS), excessive consumption of caffeine 
and/or tobacco (more than two cups and five cigarettes 
per day, respectively). All volunteers without anamnesis 
for sleep disturbance and normal sleep (Morningness-
Eveningness Questionnaire: “none of the two types” 
[35]) were subjected to an in-hospital polysomnography 
(PSG) and a long-term monitoring of sleep–wake rhythm 
evaluated to exclude both sleep disorders (i.e. insomnia, 
sleep disorders caused by motor activity and or breathing 
disorders) and assess routine sleep duration and period 
of sleep. PSG was carried out using a portable monitor-
ing device (Embletta MPR PG proxy ST+, Natus Medical 
Inc., Pleasanton, California, United States), four-channel 
electroencephalography (EEG) (C3, C4, O1, O2), two 
electrooculography chin and tibial electromyography, 
air flow nasal cannula, abdominal and thoracic breath-
ing effort, oxygen saturation and heart rate, body position 
and snoring.

Routine sleep time, sleep onset latency, and sleep 
quality and efficiency were evaluated by wrist actig-
raphy for 2  weeks (software ActiGraph wGT3X and 
ActiLife + Sleep software, ActiGraph, Pensacola, FL, 
USA) together with sleep records. A high-heat-capacity 
mattress was tested in this study, in which foam lay-
ers at the bottom are covered by high-thermal-con-
ductivity polyurethane layers (Technogel, Italia S.R.L., 
Vicenza, Italy), while the low-heat-capacity mattress is 
formed 100% by foam. For both mattresses, measures 
were 90 × 200 × 25  cm. The different thermal behav-
iour in HHCM and LHCM is correlated to the differ-
ent density of the 2  cm covering the most superficial 
layer (HHCM, 1006  kg/m3; LHCM, 80  kg/m3) and then 
related to the different specific thermal capacity in the 
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observed temperature interval of 23–35  °C (HHCM, 
about 47  kJ/°C; LHCM, about 5,4  kJ/°C for the 2  cm of 
the external surface). To exclude the potential effect of 
different overlays, the same type of overlay was used dur-
ing the whole study (bi-elastic non-quilted fabric weigh-
ing 600 g/m2). This study also analysed temperature. To 
measure room, skin and mattress temperature, wireless 
temperature sensors were used (DS 1922L, Thermochron 
iButtons; Maxim, Dallas, USA; resolution 0.0625 °C; sam-
pling frequency one value per minute).

Video polysomnography was performed by Comet XL 
Lab-based PSG (Grass Telefactor, Astro-Med Inc., West 
Warwick, RI 02893 USA) using four-channel EEG (C3, 
C4, O1, O2), two electrooculogram channels (right and 
left outer canthus), chin electromyogram, heart rate, oxy-
gen saturation and body position.

Temperature in the room was kept around 23  °C with 
a ± 0.5  °C interval and relative humidity between 45% 
and 55%. PSG variables included: time spent in phases 
N1, N2, N3 (slow wave sleep, SWS), rapid eye movement 
(REM) sleep, total sleeping time, sleep efficiency and 
time of wake-up after sleep onset.

The most important result achieved by this study is 
that comparison between individuals sleeping on low-
thermal-capacity mattresses (LHCM) and high-thermal-
capacity mattresses (HHCM) demonstrated a significant 
reduction in core body temperature (CBT), proximal skin 
temperature on the back (PROBA) and mattress surface 
temperature, and a significant increase in N3 sleep phase. 
Regression analysis selectively revealed a significant asso-
ciation between increased CBT-PROBA (and reduced 
PROBA) with emphasized N3 sleep phase. The present 
study conducted in a controlled laboratory demonstrated 
that sleep characteristics can be influenced by thermal 
properties of the mattress. Comparison between a tradi-
tional mattress LHCM and HHCM mattress showed an 
increase in temperature of proximal skin on the back and 
of the core body temperature, and an increase in slow 
sleep waves and sleep continuity [13].

Conclusions
Based on data reported by literature, it can be claimed 
that medium-firm mattresses offer more advantages to 
subjects with non-specific low back pain. Studies have 
demonstrated, indeed, that these mattresses improve 
sleep quality and reduce risk of developing low back pain. 
Beds with active control improve column alignment and 
sleep quality. Temperature manipulation using a HHCM 
mattress caused a reduction in temperature increase of 
proximal skin on the back and of core body temperature, 
and an increase in slow sleep waves and sleep continuity; 
slightly manipulating the skin temperature, the wake-up 
can be delayed and deep sleep can be favoured.

Limitations
The articles analysed reported differed with regard to 
their observations, and standardization of volunteers was 
low in terms of physical and health characteristics. Type 
of low back pain was poorly determined.
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