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Abstract: Acute lower back pain (ALBP) is an extremely common musculoskeletal problem. ALBP
consists of a sudden onset of short-duration pain in the lower back. However, repeated attacks can
make the pain chronic. It can be measured through a self-report scale as well as through physical
and physiological evaluations. Heart Rate Variability (HRV) has been used to evaluate the body’s
response to pain. However, to the best of our knowledge, no clear consensus has been reached
regarding the relationship between both variables and on an optimal protocol for ALBP evaluation
based on HRV. The objective of this review is to analyze the relationship and effectiveness of HRV
as an instrument for measuring ALBP. Furthermore, we consider the influence of different types
of interventions in this relationship. The protocol of this review was previously recorded in the
International Prospective Register of Systematic Reviews (number CRD42023437160). The PRISMA
guidelines for systematic reviews and PubMed, WOS and Scopus databases are employed. Studies
with samples of adults with ALBP are included. This study sets out a systematic review protocol to
help identify the relationship between HRV and ALBP. Understanding this relationship could help in
designing early detection or action protocols that alleviate ALBP.

Keywords: sciatica; autonomic nervous system; sympathetic nervous system; parasympathetic
nervous system; vagus nerve; heart rate variability; back pain

1. Introduction

Pain can be defined as a sensory perception and alarm mechanism that varies from
one person to another and is mediated by sensory neurons (nociceptors), by different
nervous system mechanisms, as well as by psychological and social factors [1–3]. Pain can
be classified based on the pathophysiological mechanisms that produce it, its duration,
its etiology or anatomical location [4]. It is, however, sometimes necessary to adopt a
broad approach in order to precisely define the origin of the pain and thus implement
appropriate therapeutics [5]. Furthermore, since pain is a subjective and intrinsic sensation
of the individual, making an accurate measurement is sometimes complex [6].

Such cases include lower back pain. A large share of the population suffers from
chronic lower back pain. According to the World Health Organization, lower back pain
affected over 600 million people in 2020 and this figure is estimated to exceed 800 million
by 2050 [7]. Based on these numbers, chronic lower back pain is the most prevalent
musculoskeletal problem across all population ages [8,9]. Not surprisingly, therefore, lower
back pain has a very high economic impact. A recent systematic review and meta-analysis
analyzing data from high income countries estimated that the average annual direct costs
per population for lower back pain ranged from EUR 2.3 billion to EUR 2.6 billion, and
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the indirect costs ranged from EUR 0.24 billion to USD 8.15 billion. The estimated pooled
direct cost per patients were USD 9231, and total costs USD 10,143.1 [10].

Chronic lower back pain is characterized by lower back pain that lasts for more than
12 weeks [11,12]. Despite a variety of risk factors, chronic lower back pain is often caused
by repeated episodes of acute lower back pain (ALBP) or lower back pain lasting less
than 6 weeks [5]. In their study, after measuring and controlling 5233 subjects, Stevans
et al. [13] observed that 32% of patients with ALBP transitioned to chronic lower back pain.
This transition appears to be modulated by both complex inflammatory processes and
central nervous system alterations [14]. In this way, certain movements or postural changes
can provoke the inflammation of musculoskeletal structural elements involved in lumbar
spine stability (joints, ligaments, muscles), thus contributing to central and peripheral
sensitization [5].

Moreover, both ALBP and chronic lower back pain often cause incapacity for certain
everyday activities, including those related to the workplace (absenteeism) [15]. The latter
represents a significant economic burden for the health system and for companies whose
employees resort to sick leave due to the disability caused by pain [16].

Given the risk of pain chronicity and the high economic costs deriving from it, it is
important to diagnose and treat the pain early. To this end, a range of techniques allow
the direct or indirect assessment of acute pain. Examples include face-to-face interviews,
nerve conduction velocity tests or techniques for detecting variations at the physiological
level [6,11–13,17]. In fact, in recent years, the use of instruments or technologies that allow
for the assessment of pain from a physiological perspective has been proposed. In a recent
review, Fernandez Rojas et al. [6] studied the different techniques used to detect pain
according to changes in the autonomic nervous system, central nervous system and brain
activity. Among the most used techniques we may find heart rate, heart rate variabil-
ity (HRV), photoplethysmography, electrodermal activity, respiration, electromyography,
electroencephalography and magnetic resonance imaging.

Each of these techniques has both advantages and disadvantages [6]. Thus, using
protocols that integrate different optimal variables within the same pain measurement
procedure may allow for obtaining a more complete and reliable evaluation. To achieve
this, it is important to study the efficacy of each of the available variables.

HRV is a physiological parameter that has been proposed as an index of the flexible and
adaptive regulation of the nervous system to organize a homeostatic response to diverse
types of stressors and environmental contexts [1]. More specifically, HRV represents the
change in the time interval between successive heartbeats, and shows the heart’s ability to
adapt to changing situations [18], including when a person experiences pain.

Thus, the activation of HRV allows the body to provide an adaptive response to
stressors such as pain. In a recent review, HRV was found to be an optimal variable for
measuring (sympathetic and parasympathetic) autonomic nervous system sensitivity to
nociceptive stimulation [1]. In fact, there seems to be a strong interaction between the
nociceptive nervous system and the autonomic nervous system, in both the sympathetic
and parasympathetic branches [19,20].

For this reason, some studies have proposed including it as a parameter to consider
when evaluating pain and the benefits of certain treatments, taking into account sympathetic
balance and the stress levels associated with these types of ailments [17,21]. In this way,
Bandeira et al. [22] conducted a review to determine whether patients with chronic low
back pain presented HRV alterations. However, only two studies were included in their
analysis. Thus, the evidence they obtained was limited. Despite these results, HRV may
be an optimal variable to detect acute pain. Considering the tendency of HRV to undergo
variations, measurement protocols must be concrete and precise. To this end, conducting
the evaluation while the movement that produces the most disabling pain is taking place or
during the most acute phases of pain may provide the required information. In parallel, in
relation to the treatment of pain, different studies expose the benefits or effects of therapies
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such as chiropractic or relaxing massages on the functionality of the autonomic nervous
system [23,24].

Given that ALBP is regarded as an antecedent risk factor of chronic low back pain,
investigating the possible relationship between HRV and ALBP could help to prevent
and/or treat this pathology. Therefore, the objectives of this review will be (1) to analyze the
possible relationship between HRV and ALBP, (2) to study the feasibility and effectiveness
of HRV as an ALBP measurement instrument and (3) to assess the influence of different
types of interventions on the relationship between HRV and ALBP.

2. Materials and Methods

To ensure maximum review transparency and to reduce possible biases [25], the
protocol of this review was recorded in the International Prospective Register of Systematic
Reviews (number CRD42023437160). To prepare the protocol, we followed the PRISMA
guidelines (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) [26,27].

This methodology establishes the steps and content that a quality systematic review
must present. The PRISMA methodology establishes that a systematic review or meta-
analysis article must contain the following parts: a title, abstract, introduction, methodology,
results, discussion and other information. It should be noted that the methodology must
include a flow chart that specifies the process of searching and selecting studies, indicating
the reasons for exclusion in each case. In relation to the results, they must contain a summary
table of the selected articles as well as an analysis of the risk of bias and quality of the studies.

On the other hand, in the recent update of the PRISMA regulations [27] it is established
that articles or reports included in previous reviews, as well as studies identified through
other means such as websites, organizations and citation searching, can be considered for
the final selection of the studies to be analyzed.

Figure 1 shows the planned flowchart of the systematic review proposed in this protocol.
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2.1. Population

This systematic review will include studies in which the sample is composed of adults
aged 18 years or older. “In addition, the study sample of these investigations must suffer or
have had an episode of ALBP. Provide a comparison with healthy subjects, provided that
the study has a control group. When it comes to cross-sectional or descriptive studies, in
some cases a control group approach could be dispensed with. The level of physical activity
and participation in training or rehabilitation programs will be monitored. Controlling
for both physical activity levels and participation in training and rehabilitation programs
will ensure an accurate characterization of the population, considering variables that could
affect both pain and HRV, as well as the possibility of analysing if these factors alter the
relationship between HRV and ALBP”.

2.2. Intervention

Case reports, pilot cohort studies, clinical studies, clinical trials and randomized
clinical trials that assess HRV in response to pain will be included (ALBP). The study
methodology should include a description of both the protocol and the variables analyzed.
The experimental group participants may or may not be undergoing a rehabilitation
program and can be active or sedentary. Rehabilitation programs aimed at pain therapies
(cryotherapy, physiotherapy, chiropractic, etc.), strength training, postural correction and
proprioception will be considered. In cross-sectional studies, a single measure is expected,
while longitudinal studies must contain at least one pre-post evaluation, as well as a
follow-up if defined in the study methodology.

The variables in each study methodology that are directly related to HRV and ALBP
shall be analyzed. In addition, in studies that include rehabilitation programs, it is necessary
to examine the characteristics and impact of the interventions in question on the HRV and
ALBP variables. In any case, the timing of the HRV measurements will be specified.

2.3. Comparator

The inclusion of studies in this review is determined by the methodology and type
of population. That is, studies with both cross-sectional and longitudinal designs will be
included. In addition, pilot studies will be considered for inclusion. In any case, the study
sample must be adults over 18 years of age with ALBP.

When the study methodology does not include a training or rehabilitation program, it
is not necessary for the studies to have a control group to be included in the review. This
criterion will be followed since, when the studies are descriptive or cross-sectional, it is
possible that they only include a single population group. Otherwise, there must be a
control group. The control groups should have received lighter and/or more traditional
training or therapies than the experimental group or be passive control groups.

This decision is motivated by the need to include and take into account different
approaches and perspectives that allow for addressing the relationship between HRV and
ALBP in a more comprehensive way. This refers to analyzing different protocols and
measurement conditions, comparing between people with different physical activity levels
or subjected (or not) to different training or therapies aimed at postural correction, strength
training and pain treatment.

2.4. Outcomes

Participant Characterization
An analysis of the characteristics of the participants will be presented for each study.

First, participant sociodemographic, physical and physiological characteristics must be
analyzed in each study. Pain-related outcomes will include the origin of the pain as well as
specific characteristics and prognosis.

Regarding the HRV, results will indicate the time and frequency domains assessed
(very low frequency “VLF”, low frequency “LF”, high frequency “HF”, total power, Stan-
dard deviation of all the normal-to-normal intervals “SDNN”, root mean square succes-
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sive difference “RMSSD”, percentage (%) of total interval pairs that differ by more than
50 milliseconds “PNN50”, among others). In cases where training or therapy has been
conducted, all variables (pain and HRV) shall be controlled before and after the inter-
vention. When the studies include a follow-up period, both the follow-up time and the
measurements carried out in this period will be considered. Only one measurement is
expected if the study is cross-sectional.

Finally, the results on the relationship between both variables (pain and HRV) will
show, on the one hand, the correlation between the two and, on the other, the relevant
factors that explain this relationship.

2.5. Inclusion and Exclusion Criteria

The study will include adults with acute back pain, preferably with ALBP. The studies
can be clinical trials, randomized controlled trials, case reports, pilot cohort studies and
clinical studies. Studies that contain some sort of intervention must clearly define the
intervention in the methodology section.

Studies that do not clearly and precisely define the characteristics of the study pop-
ulation, the variables analyzed or that do not meet the inclusion criteria described above
shall be excluded. People with diseases that could affect HRV will be excluded, such as
subjects with cardiovascular diseases or blood pressure alterations. Those who are taking
medications that may have a direct effect on blood pressure, heart rate or pain will also be
excluded. All studies that are not written in English or Spanish will also be excluded.

2.6. Research Question

Is heart rate variability a valid alternative method to measure acute lower back pain?

2.7. Literature Search Strategy

The sources used to identify studies for the systematic review will be PubMed, Web of
Science (all data bases) and Scopus. The search will be limited to published clinical trials,
randomized controlled trials, case reports, pilot cohort studies, clinical studies and reports
written in English and Spanish. No time limit is established.

The search will use the Mesh Terms (Sciatica; Autonomic nervous system and Vagus
nerve) and non-Mesh Terms (Heart rate variability; Acute low back pain and Acute Low
Backaches). All will be combined using the Boolean operators AND and OR as follows:
(heart rate variability OR vagus nerve OR autonomic nervous system) AND (acute low
back pain OR acute low backaches OR sciatica) (Table 1). Additionally, a snowballing
technique will be used (the reference list of an article or the citations of the article can be
used to identify additional articles) [28].

Table 1. Search strategy.

Search Strategy

1 heart rate variability OR vagus nerve OR autonomic nervous system
AND

2 acute lower back pain OR acute lower backaches OR sciatica

2.8. Data Extraction and Statistical Analysis Plan
2.8.1. Search and Selection

Firstly, the study search and selection process will be conducted by two reviewers. To
this end, the search, inclusion and exclusion criteria described above will be applied, taking
article titles and abstracts into account. In cases of disagreement between the reviewers, a
third reviewer will examine the studies. A Rayyan directory will be used to save all the
selected references.

On this platform, a first reviewer will filter out duplicates. Subsequently, the selection
(inclusion and exclusion) of the remaining studies will be carried individually by two
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independent reviewers (blind on), assigning labels according to the inclusion criteria and
the reason of exclusion of each study. Once this second filtering is completed, the status of
the review will go to blind off, with the aim of comparing the decisions of the two reviewers.
If discrepancies arise, a third reviewer must intervene.

2.8.2. Extraction

Secondly, once the studies have been selected, the following information will be
extracted: author names, year of publication, experimental and control group characteristics,
pain characteristics, HRV domains, intervention characteristics and relationship between
HRV and lower back pain. Cochrane’s Review Manager software (RevMan 5.4) will be
used to extract data. Two independent reviewers will extract the data from each study
individually. In cases of disagreement or discrepancies between two files, the two reviewers
who worked on the file in question must resolve the issue and reach an agreement.

2.8.3. Synthesis and Presentation

The data synthesis strategy will follow the recommendations of Campbell et al. [29].
Studies will be grouped according to the study design and participant characteristics.

Study heterogeneity will be controlled by ordering the tables by hypothesized modifiers
(study design and sample characteristics). The GRADE (Grading of Recommendations,
Assessment, Development and Evaluations) framework will be used to assess certainty.
This system allows for establishing a grading of the quality of the evidence (high or low)
and the strength of the recommendations (risks/benefits, values and preferences of the
participants, consumption of resources or costs) [30]. The data will be presented in tables
according to the methodology and final grouping of the results. We will analyze the
following moderators: population (healthy participants vs. non-healthy participants);
sex (male, female); HRV domains; pain (level, type, location); and study design. A first
table will be used to present the data related to the design, participant characteristics, and
methodological aspects. A second table will be used to present the studies together with
the variables analyzed, including that of HRV. In this sense, a comparative graph will also
be presented allowing for the analysis of the percentage of use of HRV domains.

2.9. Risk of Bias

Random sequence generation, allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete outcome data, selective report-
ing and other bias will be assessed. The assessment will be performed at a study level.
Cochrane’s Review Manager (RevMan) software will be used for risk of bias analysis.

These seven domains can be grouped into five dimensions [31]. The content and
considerations to take into account in each of them are as follows:

Allocation process:

1. Random sequence generation: This domain assesses whether the study employed a
randomly generated sequence for assigning participants.

2. Allocation concealment: This domain evaluates the method used to hide the allocation
sequence, enabling the determination of whether intervention assignments were
planned before or during enrollment.

Blinding process:

3. Blinding of participants and personnel: This domain evaluates the measures, if present,
implemented to keep participants and study personnel unaware of the assigned
interventions.

4. Blinding of outcome assessment: This dimension assesses if those determining out-
come measurements possess knowledge of intervention assignments, which may
introduce bias. This section details any measures taken to blind outcome assessors
from knowing the participants’ intervention.

Attrition bias:



Healthcare 2024, 12, 397 7 of 10

5. Incomplete outcome data: This domain oversees the availability of comprehensive
information on dropouts, exclusions, participant distribution in each intervention
group, reasons for dropouts/exclusions and any re-inclusions in the conducted analy-
ses. The absence of outcome data, stemming from attrition or exclusions during the
study, increases the risk of biased effect estimates. The term “incomplete outcome
data” encompasses both attrition and exclusions, and if an individual participant’s
outcome is unavailable, it is labeled as ‘missing’.

Reporting bias:

6. Selective reporting: This domain outlines the likelihood of selectively reporting results
and presenting the findings.

Other bias:

7. Other sources of bias: Any significant concerns regarding bias not covered in the other
domains should be highlighted here.

Two reviewers will take part in the quality assessment process. In case of disagreement
between the two reviewers, a third reviewer will break the tie.

2.10. The Status and Timeline of the Study

The search phase is expected to start on the 1 September 2023. The search process
is expected to be completed by the 30 November 2023. The document is projected to be
completed within a period of approximately 6 months.

3. Expected Results

An accurate and early diagnosis of ALBP is especially relevant for determining the
most appropriate treatment and improving the quality of life of those who suffer from it as
fast as possible. Lower back pain is a complex phenomenon and possibly requires different
approaches and diagnostic techniques. Among these methods, HRV could be an interesting
technique to consider in this complex process.

This study will search for publications in which HRV is used as a measurement
instrument or as a variable to consider in people with ALBP, that is, studies that analyze
the relationship between both variables or that use HRV as a method for detecting ALBP.
Specifically, it is expected, on the one hand, to determine the efficacy of HRV for detecting
ALBP accurately. On the other hand, it is intended to define the most useful HRV domains
for the evaluation of ALBP and to establish the steps to follow in the evaluation process
taking into account the measurement of HRV.

4. Discussion

This systematic review is proposed with the objective of analyzing the relationship
between HRV and ALBP, as well as determining the most effective strategy to use HRV
as a parameter for evaluating episodes of ALBP. Pain is a sensory, subjective and intrinsic
perception of the subject [6]. Musculoskeletal pain is often one of the most disabling types
of pain. For instance, lower back pain is the most widespread musculoskeletal problem
among populations of all ages. A major consequence of lower back pain is difficulties in
performing everyday tasks and work, together with the impact of pain on mental and
social health [32,33]. This leads to a disproportionate increase in economic, health and
business costs for companies with affected workers [34]. Given that one of the risk factors
for chronic lower back pain is repeated ALBP episodes, it is necessary that public health
systems prevent and treat this acute pain.

It seems that, in the presence of a musculoskeletal injury, an alteration of the autonomic
function occurs due to increased afferent inputs from sensitized nociceptors and other
sensory neurons [35]. Given the relationship between pain and the activation of the
autonomic nervous system, physiological measurement techniques are currently being
used to detect pain [6]. Among these variables, HRV could be an interesting technique
to consider in the evaluation and/or identification of ALBP. HVR has been analyzed
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for both sports performance and health improvement purposes [36–39]. Regarding the
field of health, pain can be considered as a stressful situation for our bodies, and HRV
is altered in stressful situations [40,41]. In fact, HRV is related, among other elements,
to the functionality of the autonomic nervous system (sympathetic and parasympathetic
branches) [1]. This relationship suggests that HRV alterations could be observed in subjects
with low pain or subjected to certain movements that increase the joint lumbar spine stress.

To the best of our knowledge, only one systematic review has focused on the relation-
ship between HRV and lower back pain, but it centers on chronic lower back pain [22].
Thus, the present study established the protocol to follow to carry out a systematic review
to determine the relationship between HRV and ALBP. The results obtained in this review
could provide information on the effectiveness of HRV as an alternative method for measur-
ing ALBP, different methods to detect ALBP using HRV, as well as the possible influence of
different physical activity levels and training or rehabilitation programs in the relationship
between HRV and ALBP.

Strengths and Limitations

This review study has certain strengths. Among them, the analysis quality of the
studies selected using the Pedro scale and the use of the GRADE system stands out. On
the other hand, the novelty of the study is highlighted. The most recent systematic review
regarding the relationship between lower back pain and HRV is the one published by
Bandeira et al. [22], but it focuses on chronic lower back pain and includes only two studies.
To the best of our knowledge, there are no systematic reviews that analyze the relationship
between HRV and ALBP. For this reason, this systematic review could provide valuable
information for researchers and clinicians on the use of HRV as an additional measurement
technique for the diagnosis of ALBP.

This study also has some limitations. First, we must consider the possibility of finding
a limited number of studies that evaluate the role of HRV in detecting ALBP and the
heterogeneity of the methodologies and samples used in these studies. This could make it
difficult to obtain results for comparison. Secondly, the possibility of having few studies
with interventions could make it challenging to discern whether the changes in HRV are due
to training or improvement in pain. Finally, it is also possible that none of the studies found
meet the eligibility criteria, in which case it would be considered an empty review [42].
Therefore, making a first prediction, it is possible that future lines of research should focus
on the use of HRV as an instrument for evaluating ALBP. To this end, our review can
contribute by helping in the selection of the best HRV domains and measurement protocol.

5. Conclusions

In conclusion, this study establishes a systematic review protocol to help identify the
relationship between HRV and ALBP. Understanding this relationship could help design
early detection or action protocols that alleviate ALBP.

Author Contributions: J.M.C.-T. managed the project; G.S.-S. and J.T.-M. designed the systematic
review and statistical analysis; J.M.C.-T., G.S.-S., S.S.-A. and J.T.-M. designed the Prospero document;
J.M.C.-T. and J.T.-M. established the tools used in the review; G.S.-S., S.S.-A., J.T.-M. and I.C.-M.
screening, reviewing and data extraction; G.S.-S., S.S.-A., J.T.-M. and I.C.-M. results analysis. All
authors contributed to the writing and review of the protocol. All authors have read and agreed to
the published version of the manuscript.

Funding: This research was funded by the Valencian Innovation Agency of Spain (grant number
INNVA1/2020/81).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflicts of interest.



Healthcare 2024, 12, 397 9 of 10

References
1. Forte, G.; Troisi, G.; Pazzaglia, M.; Pascalis, V.D.; Casagrande, M. Heart rate variability and pain: A systematic review. Brain Sci.

2022, 12, 153. [CrossRef]
2. Marchand, S. Physiopathology of Pain. In Physiopathology of Pain; Springer: Berlin/Heidelberg, Germany, 2017; pp. 75–95.

[CrossRef]
3. Ripoll, D.R.; Adrover-Roig, D.; Rodríguez, M.P.A. Neurociencia Cognitiva; Editorial Médica Panamericana: Madrid, Spain, 2014.
4. Abd-Elsayed, A.; Deer, T.R. Different types of pain. In Pain: A Review Guide; Springer: Berlin/Heidelberg, Germany, 2019; pp.

15–16. [CrossRef]
5. Allegri, M.; Montella, S.; Salici, F.; Valente, A.; Marchesini, M.; Compagnone, C.; Baciarello, M.; Manferdini, M.E.; Fanelli, G.

Mechanisms of low back pain: A guide for diagnosis and therapy. F1000Research 2016, 5, 1530. [CrossRef] [PubMed]
6. Fernandez Rojas, R.; Brown, N.; Waddington, G.; Goecke, R. A systematic review of neurophysiological sensing for the assessment

of acute pain. NPJ Digit. Med. 2023, 6, 76. [CrossRef] [PubMed]
7. World Health Organization. Low Back Pain. Available online: https://www.who.int/news-room/fact-sheets/detail/low-back-

pain#:~:text=In%202020,%20low%20back%20pain,expansion%20and%20ageing%20(1) (accessed on 3 August 2023).
8. Liu, Y.-T.; Chiu, C.-W.; Chang, C.-F.; Lee, T.-C.; Chen, C.-Y.; Chang, S.-C.; Lee, C.-Y.; Lo, L.-C. Efficacy and safety of acupuncture

for acute low back pain in emergency department: A pilot cohort study. Evid.-Based Complement. Altern. Med. 2015, 2015, 179731.
[CrossRef] [PubMed]

9. Maher, C.; Underwood, M.; Buchbinder, R. Non-specific low back pain. Lancet 2017, 389, 736–747. [CrossRef] [PubMed]
10. Fatoye, F.; Gebrye, T.; Ryan, C.G.; Useh, U.; Mbada, C. Global and regional estimates of clinical and economic burden of low

back pain in high-income countries: A systematic review and meta-analysis. Front. Public Health 2023, 11, 1098100. [CrossRef]
[PubMed]

11. Urits, I.; Burshtein, A.; Sharma, M.; Testa, L.; Gold, P.A.; Orhurhu, V.; Viswanath, O.; Jones, M.R.; Sidransky, M.A.; Spektor, B. Low
back pain, a comprehensive review: Pathophysiology, diagnosis, and treatment. Curr. Pain Headache Rep. 2019, 23, 23. [CrossRef]

12. Dionne, C.E.; Dunn, K.M.; Croft, P.R.; Nachemson, A.L.; Buchbinder, R.; Walker, B.F.; Wyatt, M.; Cassidy, J.D.; Rossignol, M.;
Leboeuf-Yde, C. A consensus approach toward the standardization of back pain definitions for use in prevalence studies. Spine
2008, 33, 95–103. [CrossRef]

13. Stevans, J.M.; Delitto, A.; Khoja, S.S.; Patterson, C.G.; Smith, C.N.; Schneider, M.J.; Freburger, J.K.; Greco, C.M.; Freel, J.A.; Sowa,
G.A. Risk factors associated with transition from acute to chronic low back pain in US patients seeking primary care. JAMA Netw.
Open 2021, 4, e2037371. [CrossRef]

14. Li, W.; Gong, Y.; Liu, J.; Guo, Y.; Tang, H.; Qin, S.; Zhao, Y.; Wang, S.; Xu, Z.; Chen, B. Peripheral and central pathological
mechanisms of chronic low back pain: A narrative review. J. Pain Res. 2021, 14, 1483–1494. [CrossRef]

15. Wu, A.; March, L.; Zheng, X.; Huang, J.; Wang, X.; Zhao, J.; Blyth, F.M.; Smith, E.; Buchbinder, R.; Hoy, D. Global low back pain
prevalence and years lived with disability from 1990 to 2017: Estimates from the Global Burden of Disease Study 2017. Ann.
Transl. Med. 2020, 8, 299. [CrossRef] [PubMed]

16. Alonso-García, M.; Sarría-Santamera, A. The economic and social burden of low back pain in Spain: A national assessment of the
economic and social impact of low back pain in Spain. Spine 2020, 45, E1026–E1032. [CrossRef] [PubMed]

17. Younes, M.; Nowakowski, K.; Didier-Laurent, B.; Gombert, M.; Cottin, F. Effect of spinal manipulative treatment on cardiovascular
autonomic control in patients with acute low back pain. Chiropr. Man. Ther. 2017, 25, 33. [CrossRef]

18. Rajendra Acharya, U.; Paul Joseph, K.; Lim, C.M.; Suri, J.S.J.M. Heart rate variability: A review. Med. Biol. Eng. Comput. 2006, 44,
1031–1051. [CrossRef]

19. Benarroch, E. Pain-autonomic interactions. Neurol. Sci. 2006, 27, s130–s133. [CrossRef]
20. Pham, T.; Lau, Z.J.; Chen, S.A.; Makowski, D. Heart rate variability in psychology: A review of HRV indices and an analysis

tutorial. Sensors 2021, 21, 3998. [CrossRef] [PubMed]
21. Zhang, J.; Enix, D.; Snyder, B.; Giggey, K.; Tepe, R. Effects of Biofreeze and chiropractic adjustments on acute low back pain: A

pilot study. J. Chiropr. Med. 2008, 7, 59–65. [CrossRef]
22. Bandeira, P.M.; Reis, F.J.; Sequeira, V.C.; Chaves, A.C.; Fernandes, O.; Arruda-Sanchez, T. Heart rate variability in patients with

low back pain: A systematic review. Scand. J. Pain 2021, 21, 426–433. [CrossRef]
23. Zangrando, F.; Piccinini, G.; Tagliolini, C.; Marsilli, G.; Iosa, M.; Vulpiani, M.C.; Paolucci, T. The efficacy of a preparatory phase of

a touch-based approach in treating chronic low back pain: A randomized controlled trial. J. Pain Res. 2017, 10, 941–949. [CrossRef]
24. Zhang, J.; Dean, D.; Nosco, D.; Strathopulos, D.; Floros, M. Effect of chiropractic care on heart rate variability and pain in a

multisite clinical study. J. Manip. Physiol. Ther. 2006, 29, 267–274. [CrossRef]
25. Stewart, L.; Moher, D.; Shekelle, P. Why prospective registration of systematic reviews makes sense. Syst. Rev. 2012, 1, 7.

[CrossRef] [PubMed]
26. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G. Preferred reporting items for systematic reviews and meta-analyses: The PRISMA

statement. Int. J. Surg. 2010, 8, 336–341. [CrossRef]
27. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;

Brennan, S.E. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. Int. J. Surg. 2021, 88, 105906.
[CrossRef]

https://doi.org/10.3390/brainsci12020153
https://doi.org/10.1007/978-3-319-48046-6_4
https://doi.org/10.1007/978-3-319-99124-5_3
https://doi.org/10.12688/f1000research.8105.2
https://www.ncbi.nlm.nih.gov/pubmed/27408698
https://doi.org/10.1038/s41746-023-00810-1
https://www.ncbi.nlm.nih.gov/pubmed/37100924
https://www.who.int/news-room/fact-sheets/detail/low-back-pain#:~:text=In%202020,%20low%20back%20pain,expansion%20and%20ageing%20(1)
https://www.who.int/news-room/fact-sheets/detail/low-back-pain#:~:text=In%202020,%20low%20back%20pain,expansion%20and%20ageing%20(1)
https://doi.org/10.1155/2015/179731
https://www.ncbi.nlm.nih.gov/pubmed/26346626
https://doi.org/10.1016/S0140-6736(16)30970-9
https://www.ncbi.nlm.nih.gov/pubmed/27745712
https://doi.org/10.3389/fpubh.2023.1098100
https://www.ncbi.nlm.nih.gov/pubmed/37383269
https://doi.org/10.1007/s11916-019-0757-1
https://doi.org/10.1097/BRS.0b013e31815e7f94
https://doi.org/10.1001/jamanetworkopen.2020.37371
https://doi.org/10.2147/JPR.S306280
https://doi.org/10.21037/atm.2020.02.175
https://www.ncbi.nlm.nih.gov/pubmed/32355743
https://doi.org/10.1097/BRS.0000000000003476
https://www.ncbi.nlm.nih.gov/pubmed/32706566
https://doi.org/10.1186/s12998-017-0167-6
https://doi.org/10.1007/s11517-006-0119-0
https://doi.org/10.1007/s10072-006-0587-x
https://doi.org/10.3390/s21123998
https://www.ncbi.nlm.nih.gov/pubmed/34207927
https://doi.org/10.1016/j.jcme.2008.02.004
https://doi.org/10.1515/sjpain-2021-0006
https://doi.org/10.2147/JPR.S129313
https://doi.org/10.1016/j.jmpt.2006.03.010
https://doi.org/10.1186/2046-4053-1-7
https://www.ncbi.nlm.nih.gov/pubmed/22588008
https://doi.org/10.1016/j.ijsu.2010.02.007
https://doi.org/10.1016/j.ijsu.2021.105906


Healthcare 2024, 12, 397 10 of 10

28. Wohlin, C. Guidelines for snowballing in systematic literature studies and a replication in software engineering. In Proceedings
of the 18th International Conference on Evaluation and Assessment in Software Engineering, London, UK, 13–14 May 2014; pp.
1–10.

29. Campbell, M.; McKenzie, J.E.; Sowden, A.; Katikireddi, S.V.; Brennan, S.E.; Ellis, S.; Hartmann-Boyce, J.; Ryan, R.; Shepperd, S.;
Thomas, J. Synthesis without meta-analysis (SWiM) in systematic reviews: Reporting guideline. BMJ 2020, 368, l6890. [CrossRef]
[PubMed]

30. Aguayo-Albasini, J.L.; Flores-Pastor, B.; Soria-Aledo, V. Sistema GRADE: Clasificación de la calidad de la evidencia y graduación
de la fuerza de la recomendación. Cirugía Española 2014, 92, 82–88. [CrossRef] [PubMed]

31. Higgins, J.P.T.; Altman, D.G. Chapter 8: Assessing risk of bias in included studies. In Cochrane Handbook for Systematic Reviews of
Interventions, Version 5.2.0; Higgins, J.P.T., Green, S., Eds.; The Cochrane Collaboration: Hoboken, NJ, USA, 2017.

32. Hooten, W.M. Chronic pain and mental health disorders: Shared neural mechanisms, epidemiology, and treatment. Mayo Clin.
Proc. 2016, 91, 955–970. [CrossRef]

33. Woo, A.K. Depression and anxiety in pain. Rev. Pain 2010, 4, 8–12. [CrossRef]
34. Hartvigsen, J.; Hancock, M.J.; Kongsted, A.; Louw, Q.; Ferreira, M.L.; Genevay, S.; Hoy, D.; Karppinen, J.; Pransky, G.; Sieper, J.

What low back pain is and why we need to pay attention. Lancet 2018, 391, 2356–2367. [CrossRef]
35. Grimm, D.R.; Cunningham, B.M.; Burke, J.R. Autonomic nervous system function among individuals with acute musculoskeletal

injury. J. Manip. Physiol. Ther. 2005, 28, 44–51. [CrossRef]
36. An, E.; Nolty, A.A.; Amano, S.S.; Rizzo, A.A.; Buckwalter, J.G.; Rensberger, J. Heart rate variability as an index of resilience. Mil.

Med. 2020, 185, 363–369. [CrossRef]
37. Blasco Lafarga, C.; Martínez Navarro, I.; Mateo March, M.; Roldán Aliaga, A.; Cordellat Marzal, A.; Monteagudo Chiner, P.

Gender differences in elite athletes heart rate dynamics following a supra maximal complex effort. Sports Med. 2017, 1, 1–8.
[CrossRef]

38. Mateo, M.; Blasco-Lafarga, C.; Martínez-Navarro, I.; Guzmán, J.F.; Zabala, M. Heart rate variability and pre-competitive anxiety
in BMX discipline. Eur. J. Appl. Physiol. 2012, 112, 113–123. [CrossRef]

39. Miller, D.J.; Sargent, C.; Roach, G.D. A validation of six wearable devices for estimating sleep, heart rate and heart rate variability
in healthy adults. Sensors 2022, 22, 6317. [CrossRef]

40. Attar, E.T.; Balasubramanian, V.; Subasi, E.; Kaya, M. Stress analysis based on simultaneous heart rate variability and EEG
monitoring. IEEE J. Transl. Eng. Health Med. 2021, 9, 2700607. [CrossRef] [PubMed]

41. Schneider, M.; Schwerdtfeger, A. Autonomic dysfunction in posttraumatic stress disorder indexed by heart rate variability: A
meta-analysis. Psychol. Med. 2020, 50, 1937–1948. [CrossRef] [PubMed]

42. Yaffe, J.; Montgomery, P.; Hopewell, S.; Shepard, L.D. Empty reviews: A description and consideration of Cochrane systematic
reviews with no included studies. PLoS ONE 2012, 7, e36626. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1136/bmj.l6890
https://www.ncbi.nlm.nih.gov/pubmed/31948937
https://doi.org/10.1016/j.ciresp.2013.08.002
https://www.ncbi.nlm.nih.gov/pubmed/24361098
https://doi.org/10.1016/j.mayocp.2016.04.029
https://doi.org/10.1177/204946371000400103
https://doi.org/10.1016/S0140-6736(18)30480-X
https://doi.org/10.1016/j.jmpt.2004.12.006
https://doi.org/10.1093/milmed/usz325
https://doi.org/10.15406/mojsm.2017.01.00028
https://doi.org/10.1007/s00421-011-1962-8
https://doi.org/10.3390/s22166317
https://doi.org/10.1109/JTEHM.2021.3106803
https://www.ncbi.nlm.nih.gov/pubmed/34513342
https://doi.org/10.1017/S003329172000207X
https://www.ncbi.nlm.nih.gov/pubmed/32854795
https://doi.org/10.1371/journal.pone.0036626

	Introduction 
	Materials and Methods 
	Population 
	Intervention 
	Comparator 
	Outcomes 
	Inclusion and Exclusion Criteria 
	Research Question 
	Literature Search Strategy 
	Data Extraction and Statistical Analysis Plan 
	Search and Selection 
	Extraction 
	Synthesis and Presentation 

	Risk of Bias 
	The Status and Timeline of the Study 

	Expected Results 
	Discussion 
	Conclusions 
	References

