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Abstract
Background Apart from the positive effect of lumbar traction on structural changes within the spine in patients 
with low back pain, it is likely that therapeutic effects are correlated with pain biomarkers in the blood. Among them, 
systemic metabolic factors related to obesity may play an important role. This is the first study designed to examine 
the effectiveness of traction therapy in two experimental groups with considerably different BMI and to assess 
relationships between blood biomarkers and low back pain intensity.

Methods In the prospective clinical trial, women suffering from chronic low back pain were allocated into the 
normal-weight or obesity groups. Patients in both groups underwent twenty sessions of lumbar traction therapy 
(30 min a day, continuous mode with a force level of 25–30% of body weight). Before and after therapy subjective 
assessments of pain (VAS and PPT) were performed, and serum concentrations of aggrecan chondroitin sulfate 846 
epitope (CS-846), neuropeptide Y, leptin, adipsin and growth and differentiation factor 15 (GDF-15) were determined. 
The data were statistically evaluated for 28 women.

Results After therapy, the maximal low back pain decreased in both groups, GDF-15 concentration was reduced in 
the normal-weight group and increased in the obesity group, and CS-846 concentration decreased in the obesity 
group. The sensation of PPT in the lumbar spine and mean concentrations of neuropeptide Y, leptin and adipsin 
did not change in both groups. However, the relationships of GDF-15, leptin, and adipsin concentrations with the 
perception of pain were revealed.

Conclusion Distinct differences between the normal-weight and obesity groups pointed on the role of excessive 
adipose tissue in aggravating the inflammatory processes and in the development of low back pain. Adipsin, CS-846 
and GDF-15 aspire to be the low back pain biomarkers in women with obesity, but there is a need for further research 
to answer whether they might be considered reliable biomarkers for the prognosis and monitoring of chronic low 
back treatment.
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Introduction
Systemic biomarkers which correlate with low back pain, 
a function related to pain or degeneration of the spine, 
have recently received a lot of attention. Indicators are 
being sought to predict disease progression and monitor 
treatment, and to serve as diagnostic tools as well as pro-
vide insight into both the etiology of back pain and the 
mechanisms of therapy.

A large amount of literature data confirms that the 
presence of structural damage within the spine can be 
measured in the peripheral blood [1]. There are also 
reports showing a relationship between the concen-
tration of substances circulating in the blood and pain 
symptoms in the lumbar spine and the functioning of 
the patient [2–5]. The influence of several types of inter-
ventions on changes in the concentration of biomarkers 
correlating with back pain has also been demonstrated 
[5–7].

The application of traction forces has beneficial effects 
in degenerated intervertebral discs [8]. Animal stud-
ies confirm that spine stretching manifests itself in the 
regeneration of anatomical structures and improved 
hydration of the discs [9]. The influence of traction 
therapy on the concentration of blood components, pre-
tending to be markers of low back pain, has not been 
investigated so far. However, the positive effect of trac-
tion therapy on structural changes suggests that its thera-
peutic effects may occur in the blood of patients as well. 
Traction forces result in stretching the tissues within the 
spine, which reduces the pressure on damaged interver-
tebral discs and disc decompression may alleviate the 
chronic inflammation in the affected area causing favor-
able biochemical changes in the blood of the examined 
patients.

Due to the fact that the content and distribution of 
adipose tissue is associated with the intensity of lower 
back pain and the related disability [10], it is assumed 
that systemic metabolic factors related to obesity also 
play an important role in the pathogenesis of low back 
pain. Recent studies suggest that two key processes, 
sarcopenia and dysregulation of adipose tissue activ-
ity are important in the development of lower back pain 
[4] and the degree of this infiltration correlates with the 
perception of pain [11]. Fatty acids and their derivatives 
accumulate in the muscles and induce inflammation 
[12]. Lipotoxicity, together with impaired mitochondrial 
function and chronic inflammation, may be one of the 
mechanisms leading to the degeneration of interverte-
bral discs, sarcopenia, and the development of chronic 

low back pain. It has been hypothesized that this vicious 
circle mechanism, in which biochemical and functional 
changes manifested by back pain exacerbate sarcopenia 
and inflammation, may be stimulated by a factor inhib-
iting the growth of muscle and bone tissue, e.g. growth 
and differentiation factor 15 [4]. Regardless of the trigger 
factor, sarcopenia, obesity or sarcopenic obesity, conse-
quently leading to excessive secretion of fatty acids and 
adipokines, contribute to the generally detrimental envi-
ronment that favors the development of low back pain. 
There are also premises that concentrations of cytokines 
and adipokines differentiate individuals with back pain 
from individuals without back pain [13].

The first goal of this study was to examine the effec-
tiveness of traction therapy in two experimental groups 
(women with normal body weight and women with obe-
sity) suffering from chronic pain in the lumbar spine, in 
relation to the intensity of pain, sensitivity to touch and 
changes in the concentration of biochemical components 
in the blood. This is a novelty, because so far, studies on 
biomarkers correlating with back pain have been carried 
out in the population of people with back pain regardless 
differences in body weight [2, 5, 14]. Such a design will 
allow us for an insight into the likely different etiology of 
back pain in slim and obese people, but also to observe 
possible different reactions of the body to the interven-
tion in the form of the introduction of traction forces.

The second goal of the study was to assess relationships 
between biomarkers and pain intensity and sensitivity 
to touch in the lumbar spine. This is the first attempt to 
answer the question whether traction therapy can cause 
changes in the potential biomarkers of back pain in the 
blood? On a basis of the latest literature, for the evalua-
tion of biochemical changes induced by traction therapy 
we selected the aggrecan chondroitin sulfate 846 epit-
ope (CS-846), the pain-related neuropeptide-Y and three 
molecular biomarkers related to adipose and muscle tis-
sue metabolism: leptin, adipsin, and the growth and dif-
ferentiation factor 15 (GDF-15). So far, the relationships 
between the above-mentioned markers and the inten-
sity of pain or the pressure pain threshold have been 
unknown and it is uncertain whether they reflect an 
active disease process leading to back pain.

The following hypotheses were drawn: [1] the appli-
cation of traction forces in the subjects, through 
decompression of damaged and chronically inflamed 
intervertebral discs, will result in favorable biochemical 
changes in the blood and alleviation of pain, confirmed 
by a reduction in the threshold and intensity of pain in 

Trial registration NCT04507074, registered prospectively on July 6, 2020.

Keywords Lumbar traction, Visual analogue scale, Pressure pain threshold, CS-846, Neuropeptide Y, GDF-15, Leptin, 
Adipsin, Lower back pain, Traction forces
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the lumbar region; [2] the effects of the therapy will be 
more noticeable in the group of women with normal 
body weight.

Methods
Study design
Study aimed to examine the effectiveness of traction 
therapy in two experimental groups with considerably 
different BMI and to assess relationships between blood 
biomarkers and low back pain intensity. The study was 
designed as a prospective clinical trial with two experi-
mental groups and adhered to the standards laid down in 
the Declaration of Helsinki. The study research protocol 
was approved by the Ethics Committee at the Poznan 
University of Medical Sciences in Poland (ref. 958/19). 
The study protocol was registered in the ClinicalTri-
als.gov database (NCT04507074) and can be found at: 
https://clinicaltrials.gov/ct2/show/NCT04507074?recr
s=d&cntry=PL&city=Pozna%C5%84&draw=2&rank=3. 
Women suffered from the chronic low back pain were 
allocated into two groups: normal-weight women and 
women with obesity. Both groups underwent twenty 
sessions of lumbar traction therapy. Aside from the 
therapy, all patients were instructed to maintain their 
normal physical activity and diet which they have been 
practicing so far. At baseline and after twenty sessions 
of the therapy, anthropometric and subjective measure-
ments related to pain were performed for both groups, 
and blood samples were taken for laboratory analyses. 
Participants were provided with the appropriate study 
information before the enrolment and provided a written 
informed consent before the beginning of an interven-
tion. The study was conducted between August 2020 and 
May 2022.

Patients
The participants were recruited through social media. 
After the initial telephone interview, if no contraindi-
cations were present, the subjects were invited to the 
preliminary medical qualification carried out at the 
Department of Obesity Treatment, Metabolic Disor-
ders and Clinical Dietetics of the Medical University of 
Poznań. Patients were enrolled on the basis of a complete 
medical history, a physical examination and additional 
tests, if available. Each patient who underwent the initial 
stage was referred for an MRI scan, the evaluation of the 
bone density and body composition. The final decision to 
admit patients to the clinical trial was made if there were 
no further contraindications for participation in the trac-
tion therapy.

The inclusion criteria for the study were: women aged 
34–50 years with chronic lumbar pain lasting at least 6 
months, stable body weight for the last month ± 2  kg, 

BMI 18.5–24.9 for normal-weight women, BMI > 30 for 
women with obesity.

The exclusion criteria were: menopause or pregnancy, 
secondary form of obesity, pain located elsewhere if 
stronger than the low back pain, pathologies and/or 
medications that might affect balance between pro and 
anti-inflammatory factors (e.g. inflammatory disease, 
rheumatoid arthritis, ankylosing spondylitis, systemic 
lupus, acute infection, cancer, overt inflammatory process 
of the respiratory tract, genitourinary system or within 
head and neck, alcohol abuse), type II diabetes, poorly 
controlled arterial hypertension, lipid disorders requiring 
pharmacological treatment in the last 3 months, chronic 
kidney disease, clinically significant impairment of liver 
function, acute coronary event, unstable angina, signs of 
heart failure, clinically significant arrhythmias or conduc-
tion disturbances, pacemaker implantation, neurological 
diseases including: vascular, posttraumatic, autoimmune, 
toxic and inflammatory in the last 6 months, previous 
surgery, post-accident mechanical injuries in the area of   
the spine, medical diagnosis of spondylolisthesis, osteo-
porosis, history of syncope, uncontrolled mental illness, 
other conditions that might pose any risk to the patient 
during the intervention.

Intervention
The examined patients underwent traction therapy based 
on introduction of traction forces stretching the spine, 
so that a number of beneficial functional and structural 
changes would occur, resulting in the reduction of pain. 
The traction table (Therapy Traction Couches and Pack-
ages, ST6567P, SEERSMEDICAL, Suffolk, UK) met the 
requirements of the European Union Directive 93/42/
EEC). The application of traction forces lasted 30 min a 
day, 5 days a week, for 4 weeks (20 therapeutic sessions). 
A constant (continuous) traction mode was used, at the 
force level of 25% of the patient’s body weight during the 
first 5 treatment sessions, and gradually increased to 30% 
of the body weight.

Mesurements
Magnetic resonance imagining
In order to assess the degree of structural damage within 
intervertebral discs and adjacent anatomical structures, 
the patients underwent magnetic resonance imag-
ing (MRI 1.5T, standard in 3 projections). All examined 
patients were assessed by the same experienced radiolo-
gist. The examination took place before the intervention.

All measurements listed below were made at two 
appointments: before therapy (pre) and after therapy 
(post).

https://clinicaltrials.gov/ct2/show/NCT04507074?recrs=d&cntry=PL&city=Pozna%C5%84&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT04507074?recrs=d&cntry=PL&city=Pozna%C5%84&draw=2&rank=3
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Dual energy X-ray absorptiometry
Body composition analysis was assessed using dual-
energy X-ray absorptiometry (DXA, Lunar Prodigy 
device, GE Healthcare, Chicago, USA). Subjects were 
given complete instructions on the body composition 
analysis procedure and were instructed not to make any 
intense physical effort during 24 h prior to the measure-
ment. All tests were performed in the morning. The total 
body fat mass and the lean body mass were determined 
using the standard scan mode (for normal-weight and 
moderately obese subjects) or the thick scan mode (for 
extremely obese subjects); the absorbed doses of radia-
tion were 0.4 and 0.8 µGy, respectively.

Visual analogue scale
The visual analogue scale (VAS) was used to measure 
participants’ back pain at the beginning and after ther-
apy. A 10 cm VAS was used to evaluate the pain severity. 
The patients were asked to mark the score correspond-
ing to their pain level in the last week on the pain scale, 
which was between 0 (no pain) and 10 (the worst pain 
imaginable). The scale was used in four categories: the 
maximum morning pain, the maximum night pain, the 
maximum pain while sitting, and the maximum pain 
while standing. The VAS score has already been used in 
patients with low back pain undergoing traction therapy 
[15] and appeared to be reliable in assessing pain severity 
[16].

Pressure algometry
The pressure pain threshold (PPT) at the L1 level was 
assessed by the use of a digital force gauge (WAG-
NER FDIX Force One Digital Force Gauge, Greenwich, 
USA). Initially, each patient was introduced to the study 
and familiarized with the PPT testing. The PPT was 
described to patients as the threshold of first discom-
fort, so the PPT was the minimum pressure that caused 
a feeling of discomfort. Patients were examined in a lying 
forward position. Pressure, detected through the algom-
eter sensor, was applied from above and perpendicular to 
the examined muscle. The PPT was measured bilaterally 
on the spinal erector muscle group, 2 cm laterally to the 
lumbar spinal processes L1. The test started at 0 kg/s and 
the pressure was increased at a rate of 1  kg/s. The par-
ticipants were asked to say “now” when the sensation of 
discomfort became clear. All examinations were made 
by the same person from the research team. The average 
of three measures performed on each side was used for 
analysis. The algometer test is a reliable and reproducible 
method for detecting possible progress after interven-
tions in patients with low back pain [17].

Biochemical analysis
Blood samples for biochemical analyses were taken 
from a basilic vein, after overnight 12-hour fasting. The 
patients were asked not to take any anti-inflammatory 
drugs for at least 48  h prior to the blood sampling. In 
the serum samples, parameters were measured using 
commercially available enzyme-linked immunoassays. 
Aggrecan chondroitin sulfate 846 epitope was assessed 
using the test made by IBEX Pharmaceuticals Inc. (Can-
ada). Adipsin and neuropeptide Y were analyzed using a 
Cloud-Clone Corp. (USA) ELISA kit. Leptin and GDF-15 
were measured using tests made by BioVendor Research 
and Diagnostic Products (The Czech Republic).

Statistical analysis
The data are given as means ± SDs (standard deviations). 
Baseline clinical characteristics were compared between 
groups using the Mann-Whitney U test, or the unpaired 
t-test if the data were normally distributed. The Wilcoxon 
rank-sum test or the paired t-test (for data with normal 
distribution) were used to analyze statistical significance 
of variables before and after the intervention. The Sha-
piro-Wilk test was used to check the normal distribu-
tion. A two-way repeated measures analysis of variance 
(ANOVA) was used to analyze the interaction of time × 
group in the case of GDF-15 concentration. The analy-
sis of correlation between changes in anthropometric 
parameters and changes in biochemical parameters was 
carried out using the Spearman rank-correlation test, or 
the Pearson correlation test, if the data were with normal 
distribution. A sample size was determined on a basis of 
a pilot study on 23 chronic low back pain patients who 
received the same therapy, according to changes in the 
maximal morning low back pain. The power analysis 
indicated that a minimum 6 cases are necessary to yield 
at least 80% power of detecting an intervention effect as 
statistically significant at the 0.05 α level. The power anal-
ysis performed after the current experiment, confirmed 
that the sample size sufficient to yield at least 80% power 
of detecting an intervention effect as statistically signif-
icant at the 0.05 α level, with a detectable effect size of 
0.8 was 10 cases in the normal-weight group and 6 in the 
obesity group. All calculations and statistics were per-
formed using TIBCO Statistica 13.3 software.

Results

Figure  1 shows the overview of the study timeline, 
while Table  1 contains information about demographic 
and clinical variables of patients before the intervention. 
There was no statistically significant difference in the 
mean age between normal-weight women and obesity 
groups. According to the assumptions of the experiment, 
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the patients differed in terms of the BMI and body 
composition.

The mean duration of low back pain was similar in 
both groups. Pre-intervention VAS values in both groups 
were similar for all four pain categories: morning, night, 
sitting, and standing. In both groups the highest mean 
intensity of pain occurred in the morning, up to 30 min 
after getting out of bed. On the other hand, night pain 
turned out to be the least intense symptom out of the 
four taken into account. When it comes to particular 
degenerations, a greater number of women among nor-
mal-weight group had protrusions, extrusions and spinal 
stenosis than among obesity group.

Table  2 shows the effects of traction therapy on the 
variables related to pain sensation of the lumbar spine in 
each group. The maximal low back pain decreased sig-
nificantly after therapy in both groups of women, except 
the maximal night low back pain, which decreased only 
in the obesity group. The sensation of PPT in the lumbar 
spine did not change in both groups.

Table  3 presents the effect of traction therapy on 
changes in the serum concentrations of biochemical sub-
stances. The mean concentrations of neuropeptide Y, 
leptin and adipsin did not change after therapy in both 
groups. For the obesity group a significant decrease in 
CS-846 concentration was found after therapy. GDF-15 
was significantly reduced in the normal-weight group, 

Fig. 1 Schematic overview of the study timeline (the modified CONSORT flow diagram)
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while significantly increased in the obesity group. There 
was group vs. time interaction for GDF-15 concentration 
(Fig. 2).

The significant positive correlation was found between 
leptin concentration change and the morning low back 
pain change in the normal-weight group (Fig. 3). Inten-
sity of the morning low back pain correlated with adipsin 
concentration after therapy in the obesity group (Fig. 4) 
and with GDF-15 concentration in the normal-weight 
group before the intervention (Fig. 5). After the therapy 

the correlation between intensity of low back pain while 
sitting and the GDF-15 concentration was found in 
women with obesity (Fig.  6). The PPT on the right side 
correlated negatively with a change in GDF-15 concen-
tration in women with obesity before therapy (Fig. 7).

Discussion
Research on the assessment of biochemical indicators in 
patients with chronic low back pain contributes to a bet-
ter understanding of the mechanisms of pain formation 

Table 1 Demographic and clinical characteristic of patients
Normal-weight (n = 13) Obesity 

(n = 15)
p value

Age (years) 42.7 ± 3.3 40.7 ± 5.7 0.2681a

Body Mass Index (kg/m2) 23.4 ± 1.0 35.2 ± 3.7 0.0000 a

Total Lean Mass (g) 39.3 ± 3.6 49.9 ± 5.3 0.0000 a

Total Fat Content (%) 35.0 ± 3.6 47.0 ± 4.6 0.0000 a

LBP duration (years) 10.2 ± 7.0 9.3 ± 7.1 0.7511 a

Maximal morning LBP in the week before intervention (VAS 0–10) 4.4 ± 3.2 4.0 ± 2.7 0.5963 a

Maximal night LBP in the week before intervention (VAS 0–10) 2.1 ± 2.2 3.5 ± 3.3 0.2495 a

Maximal LBP at the sitting position in the week before intervention (VAS 0–10) 3.9 ± 2.4 3.9 ± 2.8 0.9992 a

Maximal LBP at the standing position in the week before intervention (VAS 0–10) 4.2 ± 2.4 3.7 ± 3.1 0.4896 a

Beck Depression Inventory 4.8 ± 4.1 8.3 ± 6.8 0.1172 a

Number of patients in the group
Discopathy 11 12 0.7496 b

Bulging 5 6 0.9337 b

Protrusion 10 6 0.0453 b

Extrusion 4 0 0.0085 b

Multiple levels of hernia
1 2 6 0.1425 b

2 7 4 0.1400 b

3 1 0 0.2091 b

4 1 0 0.2091 b

Annular disk tear 7 4 0.1340 b

Spinal stenosis 9 3 0.0074 b

Facet joint degeneration 9 9 0.3882 b

Radiculopathy in MRI 8 4 0.0606 b

Presence of radicular pain 9 9 0.6103 b
aU Mann-Whitney test or Student t-test, bchi squared test

LBP, low back pain. VAS, visual analogue scale.

Table 2 Variables related to pain sensation of the lumbar spine measured before and after therapy
Normal-weight (n = 13) Obesity (n = 15)
PRE therapy POST therapy p value c PRE therapy POST therapy p value c

Maximal morning LBP
(VAS 0–10)

4.4 ± 3.2 1.5 ± 1.6 0.0128 4.0 ± 2.7 0.6 ± 0.7 0.0015

Maximal night LBP
(VAS 0–10)

2.1 ± 2.2 1.0 ± 1.6 0.1141 3.5 ± 3.3 0.6 ± 1.0 0.0108

Maximal LBP at sitting (VAS 0–10) 3.9 ± 2.4 1.8 ± 2.0 0.0121 3.9 ± 2.8 1.2 ± 1.8 0.0043

Maximal LBP at standing (VAS 0–10) 4.2 ± 2.4 1.5 ± 1.7 0.0096 3.7 ± 3.1 0.8 ± 1.3 0.0026

PPT- right side [kg/s] 4.8 ± 1.4 4.1 ± 1.9 0.3455 3.65 ± 1.47 3.83 ± 1.68 0.6279

PPT- left side [kg/s] 4.9 ± 1.4 4.2 ± 2.1 0.2531 3.9 ± 1.4 3.9 ± 1.8 0.9850
c the Wilcoxon rank-sum test or the paired t-test

Data are presented as the mean ± SD.

LBP, low back pain; VAS, visual analogue scale. PPT, pressure pain threshold.
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in the spine. Identification of specific biomarkers of the 
chronic low back pain would improve standards of diag-
nosis and would help monitoring of the effects of therapy. 
In this study, we assessed the effectiveness of the com-
mon therapeutic method, i.e. the lumbar traction, and 
we showed that traction therapy significantly reduced the 
intensity of maximal low back pain in the morning, at sit-
ting, and at standing, both in women with normal body 
weight and with obesity. Moreover, the traction therapy 
resulted in a change in the concentrations of two out of 
five tested biochemical substances (CS-846 and GDF-15) 
which therefore aspire to be the low back pain biomark-
ers in obese women. We also demonstrated relationships 
of GDF-15, leptin and adipsin concentrations with the 
perception of pain, in particular with the morning pain, 
which is considered a characteristic symptom of inflam-
matory back pain.

Subjective assessment of therapeutic effects of traction
There were many randomized controlled trials which 
indicated that traction might be an effective intervention 
in the treatment of patients with low back pain, resulting 
in a significant reduction in pain intensity after segmen-
tal traction therapy [15, 18, 19]. It was also reported that 
patients with hernia of the lumbar disc experienced con-
siderable pain relief after continuous lumbar extension 
[20]. A significant reduction in the intensity of all types of 
pain (morning, night, at sitting, at standing) determined 
by the VAS scale was noted in our study as well, with 
the more noticeable effect in obese women. For women 
in the normal-weight group, the exception was the night 
pain (see Table 2), probably due to its relatively low inten-
sity before the therapy.

Long-term chronic pain symptoms can influence the 
central processing mechanisms at the neurophysiological 

Table 3 Low back pain potential systemic biomarkers measured before and after therapy
Normal-weight (n = 13) Obesity (n = 15)
PRE therapy POST therapy P value c PRE therapy POST therapy p value c

Leptin [ng/ml] 14.0 ± 5.7 14.3 ± 9.5 0.9165 41.7 ± 10.0 42.3 ± 11.3 0.5701

Adipsin/CFD [ng/ml] 7.09 ± 1.87 7.25 ± 1.43 0.7535 8.02 ± 1.17 8.13 ± 1.00 0.6970

GDF-15 [pg/ml] 451 ± 190 417 ± 178 0.0392 458 ± 206 557 ± 321 0.0356

CS-846 [ng/ml] 20.1 ± 4.3 20.0 ± 2.7 0.8613 43.6 ± 83.9 42.1 ± 80.4 0.0356

Neuropeptide Y [pg/ml] 598 ± 144 580 ± 114 0.5953 865 ± 391 894 ± 454 0.6910
c the Wilcoxon rank-sum test or the paired t-test

Data are presented as the mean ± SD.

CFD, Complemet Factor D, GDF-15, growth and differentiation factor 15. CS-846, aggrecan chondroitin sulfate 846 epitope.

Fig. 2 ANOVA interaction group x time: GDF-15 before and after therapy
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Fig. 4 Spearman correlation between adipsin and the morning LBP after therapy for women with obesity

 

Fig. 3 Pearson correlation between delta Leptin and delta morning LBP for normal-weight women
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Fig. 6 Spearman correlation between GDF-15 and the LBP at sitting after therapy for women with obesity

 

Fig. 5 Spearman correlation between GDF-15 and the morning LBP before therapy for normal-weight women
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level, thus changing subjective pain perception [21]. It is 
believed that central pain sensitization can be measured 
distally using the PPT method [22]. Changes in PPT and 
tissue hyperalgesia in patients with chronic low back pain 
were evaluated by Zicarelli, et al. (2021) [17], who con-
cluded that the reliability of PPT in acute patients is high, 
but its usefulness in chronic conditions remains uncer-
tain due to the wide variability of methods used in ther-
apy. Results of a recent study by Goode et al. (2022) [23] 
indicated that PPT is associated with structural degener-
ative changes and self-reported pain. The authors found 
lower PPT values,   indicating higher pain sensitivity, in 
people diagnosed with low back pain compared to people 
with structural changes in the spine, but without pain. 
Low PPT values   in patients diagnosed with low back pain 
may be explained by the fact that injured tissues release 
inflammatory mediators, which excite nociceptors in the 
local area, maintaining the sensory excitation and noci-
ceptive hypersensitivity in the injured region of the body 
[24]. Therefore, one can assume that PPT may have prog-
nostic potential for differentiating phenotypes of lumbar 
spine degeneration and low back pain.

Nevertheless, changes in PPT were observed after the 
use of various physiotherapeutic methods in the treat-
ment of the chronic low back pain [25, 26]. This study 
was however the first attempt to measure PPT changes   
after traction therapy. We showed that the mean values 
of PPT for both normal-weight and obese women were 
within the range of values previously reported in the 

literature [23, 27], but no changes were observed   after 
20 sessions of traction therapy. Additional studies are 
still needed to evaluate whether PPT may be a useful 
pain measure to differentiate individuals who might have 
structural findings, but it is likely that only therapies that 
have long-term effects and are aimed at reducing inflam-
mation would improve this parameter.

Biomarkers of low back pain
A biomarker should objectively reflect physiological 
and pathological biological processes or the response to 
a therapeutic intervention [28]. Since the active inflam-
matory process seems to be the overriding factor in the 
pathogenesis of degenerative changes in the interver-
tebral discs, factors related to inflammation pretend to 
be biomarkers of damage to the structures of the spine. 
Especially factors related to the metabolic activity of adi-
pose tissue should be considered, as the excess of adipose 
tissue creates a local pro-inflammatory status. In the case 
of back pain there is also debate about the effects of non-
inflammatory substances, such as cartilage metabolism 
markers such as CS-846 or neuropeptide Y.

Leptin and adipsin
The relationship between back pain and obesity is a fre-
quent subject of research. In a recent study, the preva-
lence of high intensity back pain was significantly 
associated with body fat content, particularly in the 
android region, and with high android to gynoid fat ratio 

Fig. 7 Spearman correlation between delta GDF-15 and PPT before therapy for women with obesity
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[29]. This indicates that in the pathogenesis of back pain 
the mechanical load with excessive body weight is less 
important than the specific properties of adipose tissue. 
Abdominal adipose tissue is highly metabolically active, 
which is manifested by the secretion of adipokines and 
inflammatory cytokines, thus maintaining chronic low 
grade inflammation [30].

Leptin and adipsin, responsible for maintaining body 
weight and controlling appetite, are considered to be 
particularly related to the pathogenesis of back pain 
through the metabolic pathway. Both adipokines exhibit 
pro-inflammatory [31] and nociceptive [32] properties. It 
is suspected that high leptin concentration is associated 
with the reorganization of the atherosclerotic cytoskele-
ton [33], and its role in the degeneration of intervertebral 
discs has been so far confirmed in vitro [34]. However, in 
studies conducted in overweight and obese people, adip-
sin and leptin concentrations were higher in those with 
back pain. Adipsin, unlike leptin, remained associated 
with back pain also after adjusting for BMI, waist circum-
ference and fat mass [13].

In our study, we assumed that if leptin or adipisin 
concentrations changed under the influence of traction 
forces, the study model with two experimental groups 
would allow us to determine whether the relationship of 
substances with back pain applies only to obese or also 
to slim women. Although the concentrations of leptin 
and adipsin in the subjects were clearly higher in obese 
women, their levels did not change immediately after the 
applied therapy (see Table  3). Interestingly, changes in 
leptin concentrations strongly correlated with changes in 
the intensity of morning pain experienced in the normal-
weight group: the more leptin levels decreased, the more 
the intensity of morning back pain decreased (see Fig. 3). 
No such observation in obese women might result from 
other causes of increased leptin levels in this group.

Adipsin concentration correlated with the intensity 
of the morning low back pain after the therapy only for 
women with obesity (see Fig. 4), which is consistent with 
the study of Brady at al. [29]. It is possible that in people 
with excessive body fat, other phenotypes of back pain 
predominate and that inflammation originating from adi-
pose tissue becomes more important in its pathogenesis, 
in contrast to lean people, in whom structural changes 
predominate spontaneously exacerbating inflammation. 
Other authors linked both morning and night back pain 
to the occurrence of inflammation in the spinal tissues 
[35, 36]. Whether adipsin is a compound that correlates 
only with back pain which is associated with adipose tis-
sue inflammation remains an open question.

If the above assumptions were true, therapy of back 
pain in obese people should be primarily aimed at reduc-
ing body fat. Adipsin, also known as Complement Fac-
tor D, has catabolic rate of plasma reaching 60% per 

hour, which is associated with its low concentrations in 
non-pathological situations [37]. On the contrary, its 
high concentrations reflect pathological processes in 
adipose tissue. Therefore, the concentration of adipsin, 
a complement component responsible for activating the 
inflammatory response [38], may indicate the source of 
inflammation contributing to back pain and this way sug-
gest the most effective therapy to restore the patient’s 
functional fitness and well-being. However this impor-
tant issue requires a different design of the research.

GDF-15
Adipose tissue dysregulation and sarcopenia or sarco-
penic obesity are processes related to each other and 
underlying back pain. The intracellular concentration 
of lipids in multifidus muscles was observed using MR 
spectroscopy and their content was confirmed to cor-
relate with low back pain [39]. The growth and differen-
tiation factor-15 is a hypothetical factor responsible for 
stimulating above mentioned processes, and thus low 
back pain. Independently of age, gender and body com-
position higher concentrations of GDF-15 were observed 
in people receiving medical consultations and in people 
with more severe disability related to low back pain than 
in people with a lower degree of disability [4]. The exact 
mechanisms of GDF-15 secretion and its usefullness 
are not yet known. Its concentrations rise during cellu-
lar stress, e.g. in response to tissue damage, in chronic 
inflammatory diseases, but also due to metformin treat-
ment and exercise [40]. It is presumed that high GDF-15 
level reflects a physiological response aimed at restoring 
metabolic homeostasis.

In our study, the concentrations of the GDF-15 cyto-
kine were in the range of physiological values   [40], but 
after traction therapy its levels decreased in the normal-
weight group of women, while increased in women with 
obesity. Traction therapy, like physical exercise, is an 
intervention mechanically interfering with the tissues. 
Considering that GDF-15 is a stress-responsive factor 
regulating inflammatory pathways, its decreased status in 
the normal-weight group of women suggests better effec-
tiveness of repair processes. The inflamed tissues could 
heal after 4 weeks of traction therapy. The increased con-
centration of GDF-15 in the group of obese women may 
indicate just the initial stage of positive repair changes. 
It is also likely that in obese women the GDF15 signaling 
pathways that regulate homeostasis are malfunctioning 
or less efficient, or there are more active sources of GDF-
15. Adipose tissue and immune cells entering the liver 
and adipose tissue in the process of developing obesity 
may abundantly express the GDF-15 [40, 41]. Another 
element in the puzzle confirming that GDF-15 concen-
trations reflect the intensity of the symptoms associated 
with chronic back pain syndrome are the relationships 
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observed in this clinical trial (see Figs.  5, 6 and 7), of 
which the latter is particularly interesting as it suggests 
that the lower the sensitivity threshold in the lumbar 
region (indicating a greater problem), the stronger the 
body’s response to GDF-15 secretion following traction 
therapy.

CS-846
Degeneration of the intervertebral discs, the cartilage end 
plate of the vertebral bodies and the intervertebral joints 
seems to be a major direct cause of lower back pain [42]. 
One of the hallmarks of cartilage degenerative changes 
is the loss of key components of the extracellular matrix, 
which is manifested by an increase in its matrix turnover, 
i.e. increased production of building components [43]. 
The important building components of cartilage, respon-
sible for its proper hydration, are proteoglycans, made 
of aggrecans. Degradation of aggrecans lead to dehydra-
tion within the intervertebral discs, which significantly 
reduces their ability to withstand loads [1]. In this study 
we determined the concentration of a cartilage proteo-
glycan aggrecan turnover epitope CS-846, recognized as 
the marker of aggrecan turnover in cartilage tissue, which 
is present only on newly synthesized chondroitin sulfate 
aggrecan molecules [44]. When cartilage degradation 
progresses, the CS-846 epitope begins to lose its matrix, 
which automatically contributes to the occurrence of 
its higher concentrations in the blood. Its high concen-
trations in the serum may therefore indicate ongoing 
anabolic processes, especially in the early stage of degen-
eration development [45].

Therefore, a significant reduction of CS-846 epitope 
observed after traction therapy in the group of obese 
women (see Table  3) may indicate beneficial changes, 
e.g. slowing down the degradation of cartilage resulting 
from the decompression of the perivertebral structures. 
It was shown in the study of Schaaf et al. (2021) [46] that 
patients suffering from low back pain and responding to 
epidural steroid injections with a reduction of pain had 
lower levels of CS-846 at baseline. Therefore it is possible 
that the prognostic value of CS-846 might be extended to 
monitoring long-term therapies aimed at slowing down 
the degeneration of the lumbar spine structures or the 
levels of CS-846 would be useful to discriminate back 
pain by etiology. However, the above conclusions should 
be treated with caution because the tissue source of this 
epitope cannot be determined using peripheral samples.

Neuropeptide Y
One of the recently recognized properties of neuropep-
tide Y is pain modulation. More and more scientific evi-
dence confirms that this regulation applies to nociceptive 
transmission to the spinal dorsal horn from the periph-
ery [47]. In experimental studies on rabbit cells taken 

from the annulus fibrosus of the intervertebral discs, 
increased expression of the compound in the cells was 
found after administration of an inflammatory substance 
[48]. An increase of neuropeptide Y plasma level was also 
observed in rats with chemically induced inflammatory 
low back pain, immediately following a therapeutic pro-
cedure involving manipulation of damaged soft tissues 
[49].

Studies in humans also confirm the relationship of neu-
ropeptide Y with back pain. Its blood concentrations cor-
related strongly with pain and pain-related function in 
elderly people with axial low back pain [3]. On the other 
hand, The Johnston County Osteoarthritis Project with 
731 patients did not show a direct relationship between 
neuropeptide Y concentration and low back pain. How-
ever, after dividing the patients into experimental pheno-
types, lower concentration of neuropeptide Y was found 
in the subgroup with the highest number of patients with 
low back pain and a low pain threshold [23]. Moreover, in 
the aforementioned study examining effects of epidural 
steroid injection [46], respondents to the steroid treat-
ment had higher neuropeptide Y concentrations. The 
authors suggested that biomarkers that provide informa-
tion on the subjects’ overall pain experience, are more 
relevant to predict response to a procedure which targets 
pain than markers aimed at detecting ongoing recon-
struction processes in an unknown place [46].

Our study, however, did not confirm changes in the 
concentration of neuropeptide Y under the influence of 
traction forces, neither in the normal-weight group, nor 
in the group of women with obesity. This indicates that 
additional research is needed to dispel doubts about the 
potential value of neuropeptide Y as a biomarker of low 
back pain.

Study limitations
The low size of the groups of patients is a weak point of 
this study. On the other hand, the groups are very homo-
geneous, ensuring the elimination of many factors that 
interfere with research on systemic biomarkers, such as 
age, presence of menopause, body weight or its composi-
tion. The value of the project would also increase by the 
appointment of additional control measurements of the 
concentrations of tested compounds, which appeared 
clear after completing the study. At least one of such 
points could be assigned during the therapy, e.g. after 2 
weeks of its duration. Moreover, control measurements 
one week, two weeks or one month after the end of 
therapy would possibly reveal the point at which tissues 
achieve the state closest to homeostasis.



Page 13 of 14Ratajczak et al. BMC Musculoskeletal Disorders          (2023) 24:196 

Conclusion
The comparison between the groups of women with nor-
mal body weight and women with obesity suggests dif-
ferent origin of back pain in both groups. It is likely that 
excessive body fat, which aggravates the inflammatory 
processes is more often an important factor in the devel-
opment of low back pain in obese people. At this stage of 
the research, the tested biochemical substances cannot be 
considered as the low back pain biomarkers useful in the 
assessment of the effectiveness of traction therapy, which 
suggests the need for further research in this direction. 
The obtained results, however, shed light on the possibil-
ity of using biochemical substances in determining the 
etiology of low back pain as well as in the prognosis and 
monitoring of its treatment.
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