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Effects of Physical Therapy on Pain, Functional Status, Sagittal Spinal
Alignment, and Spinal Mobility in Chronic Non-specific Low Back Pain
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, Sibel Cubukcu Firat2
ABSTRACT
Objective: To investigate the effects of physical therapy (PT) on pain, functional status, sagittal spinal alignment, and spinal mobility in chronic non-specific low back pain (NSLBP).
Materials and Methods: The study population consisted of 100 patients with chronic NSLBP. The study
group comprised 60 patients to whom a PT program including superficial heat, transcutaneous electrical
nerve stimulation, and ultrasound for 10 sessions was assigned. The control group was composed of 40
patients who received no PT. Home exercise programs were applied to both groups. Pain severity was determined using a Visual Analog Scale (VAS), and functional status was evaluated using the Oswestry Disability
Index (ODI). Spinal sagittal alignment in regard to lumbosacral, lumbar lordosis, and thoracic kyphosis angles
and spinal mobility regarding lumbar and thoracic flexion and extension degrees were assessed using a digital
inclinometer. Lumbar flexion was also assessed using the modified lumbar Schober test (mLST). Evaluations
were performed at baseline and after completing the therapy sessions.
Results: There were significant decreases in VAS scores in each group upon therapy completion. However,
significant improvements in ODI, mLST, and all inclinometric evaluations in terms of sagittal spinal alignment
and spinal mobility were noted only in the study group compared with baseline values (p<0.05).
Conclusion: Despite the short course of treatment, PT was found to have significant positive effects on pain
severity, functional status, sagittal spinal alignment, and spinal mobility. PT was determined to be an effective
treatment option for chronic NSLBP.
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Low back pain (LBP) is a significant problem affecting the quality of life and is one of the major causes of loss of workforce in developed countries. The prevalence of lifelong LBP ranges
between 59% and 80%, depending on the method of study and the population diversity [1].
When symptoms of LBP persist for at least 12 weeks, it is defined as chronic LBP [2]. In most
cases (>80%), no specific disease or anatomic abnormality can be determined to account for the
symptoms of LBP; therefore, it is classified as non-specific LBP (NSLBP) [3]. Chronic LBP is the
most frequent cause of disability and loss of workforce in productive individuals aged <45 years,
resulting in a high economic burden to society [4]. Accordingly, the aim of treatment in chronic
LBP is to alleviate pain, increase mobility, prevent physical and mental disability and labor loss,
and improve quality of life and physical function [5]. Various treatment programs have been proposed including medical treatment, physical therapy (PT), massage, manipulation, traction, and
therapeutic exercises to achieve these goals, alone or often in combination [6]. The relationship
between back pain and sagittal spinal alignment and mobility has been investigated in many clinical studies, and it was observed that patients with LBP have altered spinal alignment and mobility
[7-9]. However, there are limited and conflicting data on the effects of PT on sagittal spinal alignment and spinal motion. Therefore, our objective was to determine the effects of PT on pain,
functional status, sagittal spinal alignment, and spinal mobility in NSLBP.

Materials and Methods
Subjects
A total of 100 patients with NSLBP who were evaluated at the outpatient clinics of the Department of Physical Medicine and Rehabilitation for >3 months, aged between 18 and 65 years, who
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were able to attend PT for 10 sessions (5 times/
week for 2 weeks), and who were willing to adhere to the protocol were included in the study.
Patients with an LBP due to neoplasm, inflammation, or infection and who had indications
for urgent surgery (cauda equina syndrome or
progressive motor deficit), previous history of
spinal surgery, current pregnancy or early postpartum period (6 months), and coexisting medical conditions (severe central or foraminal spinal
stenosis; osteoporosis and gross structural abnormalities, such as spondylolisthesis or scoliosis,
ankylosing spondylitis, spinal fracture, and spinal
tumor) were excluded from the study.Written
informed consent was obtained from all patients
prior to data collection. The rights of the patients were protected in accordance with the
ethical standards of the Declaration of Helsinki.
Sixty patients were assigned to the study group
and were scheduled for a PT program (PT group).
The control group was composed of 40 age- and
sex-matched patients and received no PT. The
2-week PT program consisted of ultrasound
(US), superficial heating with hot packs, transcutaneous electrical nerve stimulation (TENS) 5
times/week (a total of 10 sessions).Both groups
received home-based exercise programs consisting of isometric and isotonic strengthening exercises for the paraspinal and abdominal muscles
and stretching exercises for the back extensors,
hamstrings, and calf muscles [2]. The exercises
were demonstrated by a physiotherapist on the
first session, and then the patients were provided
with written instructions. There were no restrictions against medical treatments that might have
been proposed to the patients during the outpatient evaluation. Other cointerventions were not
allowed during the treatment period.
Physical therapy was performed by two physiotherapists with >5 years of clinical experience.
Hot packs were applied to the low back region
for 20 min, and continuous US was conducted
using a Sonoplus 590 device (Enraf-Nonius; Rot-
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terdam, The Netherlands) operated at 1 MHz
frequency and 1.5 W/cm2 intensity with a 5cm2
transducer head. A transmission gel was applied
over the paravertebral muscles, and slow, circular movements were made for 6 min. TENS was
applied using a 2778 Intelect Mobile Combo device (Chattanooga, TN, USA) for 20 min to the
low back area, with a frequency of 110 Hz and
an amplitude of 15 mA for 100 ms.
Outcome Measures
Patient demographic characteristics, such as age,
sex, marital status, educational level, working
status, duration of symptoms, and trauma history, were recorded. Each participant underwent
a detailed physical examination including reflex,
strength, and sensory testing of the lower extremities. Outcome measures were documented at baseline evaluation and repeated after
completing PT.
Pain intensity was evaluated using a Visual Analog Scale (VAS; 0 mm: no pain; 100 mm: severe
pain).
For determination of disability due to LBP, the
Oswestry Disability Index (ODI) was used [10].
The ODI is a disease-specific self-administered
questionnaire that quantifies the degree of disability and quality of life of patients with LBP. A
validated Turkish-language version of the ODI
was used in our study [11]. It consists of 10
questions related to daily activities and includes
the following: experiencing general pain, practicing self-care (e.g., washing and dressing), lifting
objects, sitting, standing, walking, sleeping, traveling, engaging in sexual activity if applicable, and
participating in social activities. Items are rated
on a 6-point scale from 0 to 5, which is then
doubled and interpreted as a percentage of the
patient-perceived disability; higher scores indicate higher pain-associated disability. ODI is a
recommended and widely used outcome measure for LBP as it is able to detect changes in
disability over time [12].

Table 1. Demographic characteristics of the patients.
PT group (n=60)

Control group (n=40)

p

54.3±12.9

49.9±13.1

0.074

Age (year)
Sex, n (female/male)

51/9

31/9

0.587

BMI (kg/m2)

29.5±4.2

28.8±5.2

0.637

Symptom duration (months)

19.7±23.6

14.5±18.7

0.531

6 (10)

9 (22.5)

0.132

Retired

14 (23.3)

5 (12.5)

Housewife

40 (66.7)

25 (62.5)

Working status, n (%)
Employed

PT: physical therapy; BMI: body mass index.

Lumbosacral (LSA), lumbar lordosis, and thoracic kyphosis angles were measured using a
digital inclinometer (Baseline®; Fabrication Enterprises Inc., White Plains, NY, USA). Participants were asked to stand in a relaxed sagittal
spinal alignment with their feet roughly shoulder
width apart, hands dangling freely by the side,
and head looking forward. The LSA was measured by positioning the inclinometer at L5–S1.
The lumbar lordosis and thoracic kyphosis angles were measured at T12–L1 and L5–S1 and
C7–T1 and T12–L1, respectively. This technique
has been found to be a reliable method for recording lumbar lordosis [13].
Spinal mobility in terms of rough lumbar flexion
and extension and rough thoracic flexion and
extension measurements were performed using
the Baseline digital inclinometer in accordance
with the method described in the American
Medical Association (AMA) guidelines) [14].
Rough lumbar flexion (RLF): First, the inclinometer was placed at the T12–L1 point while the
patient was in a neutral upright position without
shoes and standing as described earlier.The inclinometer was zeroed at this position. Then, the
patient was asked to bend forward as much as
possible without bending the knees. The inclinometer was positioned at the same point, and
the recorded value was noted as the RLF angle.
Rough thoracic flexion (RTF): The inclinometer was placed and zeroed at the C7–T1 point
when the patient was in the upright position.
The value measured at the same point in the
maximum flexion position was determined as
the RTF angle.
Rough lumbar extension (RLE): The inclinometerwaszeroed at the T12–L1 point in the initial
position. The patient was requested to extend
maximally. The RLE angle was determined at the
same point.
Rough thoracic extension (RTE): The inclinometer was zeroed at the C7–T1 point when the patient was in the upright position.The value measured at the same point in the maximal extension
position was determined as the RTE angle.
Lumbar flexion range of motion (ROM) was also
determined using the modified lumbar Schober
test (mLST), which has been shown to be a valid and reliable method [15]. The patients were
asked to remain in a neutral upright position
without shoes and to stand with feet at hip width;
5 cm below and 10 cm above the lumbosacral
junction (total distance of 15 cm) was marked.
The patients were then asked to bend forward
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software. Continuous variables were defined as
mean±standard deviation for parametric tests
and median and range (minimum–maximum)
for non-parametric tests. The chi-square test
was used for comparison of categorical variables. The Shapiro–Wilk test was used to test
for normality in the analysis of the differences
between the values of the two groups. The Student's t-test was used for parameters showing

maximally without bending the knees. The distance between the marks was remeasured, and
the increase was the measure of flexion. All measurements were made at baseline and repeated
upon completion of the PT treatment.
Statistical Analysis
Statistical analyses were performed using the
SPSS (SPSS Inc., Chicago, IL, USA) version 11.5

Table 2. Comparison of VAS, ODI, and mLST values of PT and control groups at the beginning and
end of the study.
		
VAS

PT group (n=60)

Control group (n=40)

p

First assessment

6.53±2.03

6.16±2.05

0.286

Second assessment

4.85±1.89

5.40±2.91

0.296

First–second assessment p
ODI

0.037

First assessment

41.46±20.68

32.77±18.45

0.055

Second assessment

33.57±18.71

29.99±17.71

0.340

0.001

0.196

First assessment

14.24±2.19

14.01±1.38

0.070

Second assessment

14.63±1.20

14.03±1.18

0.011

0.026

0.842

First–second assessment p
mLST

0.001		

First–second assessment p

PT: physical therapy; ODI: Oswestry Disability Index; VAS: Visual Analog Scale; mLST: modified lumbar Schober test. Bold data
represents the statistical significance.

Table 3. Comparison of inclinometric assessments of PT and control groups at the beginning and end
of the study.
		
Lumbosacral angle

PT group (n=60)

Control group (n=40)

p

First assessment

27.48±7.66

22.6±9.22

0.05

Second assessment

26.11±7.44

21.0±9.13

0.003

First–second assessment p
Lumbar lordosis

0.011

0.49

First assessment

35.05±10.82

29.62±9.73

0.02

Second assessment

33.91±8.33

30.72±10.10

0.089

First–second assessment p
Thoracic kyphosis

0.021

0.088

First assessment

44.91±7.68

44.75±6.83

0.092

Second assessment

42.61±15.45

44.02±10.93

0.019

First–second assessment p
Rough lumbar flexion

0.001

0.387

First assessment

88.98±20.38

95.82±27.75

0.660

Second assessment

96.71±19.77

96.50±24.75

0.785

First–second assessment p
Rough thoracic flexion

0.839

112.16±25.59

114.50±24.41

0.163

Second assessment

117.65±17.06

111.87±28.55

0.569

0.001

0.319

First assessment

20.68±6.85

25.85±9.36

0.004

Second assessment

27.55±8.86

27.92±8.54

0.083

First–second assessment p
Rough thoracic extension

0.001

0.142

First assessment

36.80±12.86

40.52±12.60

0.132

Second assessment

48.31±13.97

38.80±12.24

0.001

0.001

0.367

First–second assessment p
PT: physical therapy. Bold data represents the statistical significance.

Results
One hundred patients (PT group, n=60 and control group, n=40) with a mean age of 52.4±13.7
years were included in the study. No patients
had any treatment adherence issues, and there
was no exitus during the study period. Eightytwo percent of the participants were female,
and the mean symptom duration was 8.6±9.7
years. Table 1 shows the patients’ complete demographic and clinical features. There were no
statistically significant differences between the
groups in terms of age, sex, body mass index,
symptom duration, or working status (p>0.05)
(Table 1). ODI, VAS, mLST, and inclinometric
evaluation parameters, except LSA, lumbar lordosis, and RLE, were similar between the groups
at baseline (p>0.05).LSA and lumbar lordosis
angle were significantly higher (27.48±7.66 vs
22.6±9.22,p=0.05 for LSA and 35.05±10.82
vs 29.62±9.73, p=0.02 for lumbar lordosis),
and RLE was significantly lower (20.68±6.85 vs
25.85±9.36, p=0.004) in the PT group at baseline than in the control group (Tables 2, 3).
After completing the PT sessions, VAS scores
were significantly decreased in both groups
(p=0.001 in the PT group and p=0.037 in the
control group) (Table 2). However, significant
improvements in ODI and mLST were observed
in the PT group only (p=0.001 for ODI and
p=0.026 for mLST in the PT group; p>0.05 for
both variables in the control group) (Table 2).
Moreover, there were significant improvements
in all inclinometric assessments (LSA, lumbar lordosis, and thoracic kyphosis, RLF, RTF, RLE, and
RTE) in the PT group (p=0.011, 0.021, 0.001,
0.001, 0.001, 0.001, and 0.001, respectively);
these assessments remained statistically unchanged in the control group (p>0.05) (Table 3).

Discussion

0.001

First assessment

First–second assessment p
Rough lumbar extension

normal distribution, and the Mann–Whitney U
test was used for those with non-normal distribution. A significance level of 5% (p<0.05) was
used for all tests.

Our results show that PT effectively reduced
pain, disability, and postural aberrations and increased spinal mobility. Pain was also significantly
reduced in the control group; however, no significant differences were observed among the
controls regarding disability, sagittal spinal alignment, and spinal mobility.
Posture is defined as the relative order of the
body parts [16]. Cervical lordosis, thoracic kyphosis, and lumbar lordosis are the major components of the physiological curvatures of the
spine in the sagittal plane. Aberrations in these
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curvatures may lead to deviations from the ideal
posture. Incorrect posture leads to excessiveload on the joints and inadequate tension in the
soft tissues, resulting in pain and functional loss
[17]. Therefore, in the clinical evaluation of patients with LBP, sagittal spinal alignment is considered as an essential part of the physical examination. However, there is no consensus on the
methods of examination of posture changes,
and there is also a wide range of conclusions regarding problems identified in patients with LBP.
The evaluation of sagittal spinal alignment and
spinal movements is more complicated than that
of peripheral joints, and various measurement
methods have been developed. Evaluations
based on direct radiographs are accepted as the
gold standard, but owing to disadvantages, such
as radiation exposure and time requirement,
external measurement methods are generally
preferred in everyday practice [13, 18]. In the
present study, a digital inclinometer, which is a
cost-effective, non-invasive and reliable method
recommended by the AMA, was preferred for
the measurement of sagittal spinal alignment
and spinal mobility [7, 13].
Different PT modalities have been shown to be
effective at achieving the goals of treatment in
chronic NSLBP [5]. Thermal stimulus generated
by hot packs decreases muscle tone and spasm
by increasing the elasticity of the collagenous tissue and decreasing the activity of muscle spindles [19, 20]. Analgesic currents, such as TENS,
are commonly used for pain inhibition in NSLBP
because they inhibit afferent sensory neurons at
the dorsal horn of the spinal cord and close the
pain gate, leading to pain relief [21].
The efficacy of US, a deep heating modality that
reduces muscle spasm and increases connective
tissue elasticity, has been shown to be efficacious
in LBP treatment [5, 22]. In the present study,
patients in the study group underwent 10 sessions of a PT program consisting of superficial
heating (hot pack), analgesic current (TENS),
and deep heating (US).Upon completion of the
PT sessions, significant improvements were recorded in the sagittal spinal alignment in terms
of LSA, lumbar lordosis, and thoracic kyphosis.
It was also observed that the treatment applied
only to the lumbar paravertebral region positively affected the thoracic spine. Although no
studies, to our knowledge, have investigated the
direct effects of PT on sagittal spinal alignment,
it is assumed that positive influences on sagittal
spinal alignment can be attributed to the positive
effects of PT on pain and muscle tone.
In patients with LBP, shortness and weakness
may occur in the soft tissues because they are

not used within the ultimate limits of the muscles and ligaments. This may result in decreased
flexibility and limitation of the functional ROM
of the spine, resulting in increased disability [23].
For these reasons, one of the goals of treatment
is to increase mobility. Improvement in pain and
disability by PT in LBP has been shown inprevious studies [5, 20, 21, 24]; however, there are
limited data about its effects on spinal mobility.
Although a few studies have investigated the effects of PT on spinal mobility, it may be considered that there will also be a positive influence
on mobility, as well as pain and disability, by improving pain and functional status and enhancing
soft tissue elasticity. In the study by Koldaş Doğan
et al. [5], 60 patients were randomized into one
of three treatment groups, and the effects of
the treatments on pain, spinal mobility, disability,
psychological status, and aerobic capacity were
investigated. The first group received aerobic
exercises and a home exercise program, the
second group received PT and a home exercise
program, and the third group received a home
exercise program only. At the end of the study,
there was a significant decrease in pain levels in
all groups, whereas there were significant decreases in psychological status and disability only
in the second group treated with PT. However,
the authors found no significant difference in
spinal mobility in any of the groups [5]. In another study, 118 patients with radicular back pain
were randomized to supine or prone mechanical traction therapy in addition to PT including
TENS, hot pack, and US, or only PT. The patients
were evaluated in terms of pain, disability, and
spinal mobility, and it was found that patients
in all three groups had significantly improved in
all outcome parameters including spinal mobility after completing treatment, with superiority
for the prone traction group [26]. Doğan et al.
[25] investigated the effects of PT and additional
balneotherapy on pain, disability, and spinal
mobility in 60 patients with chronic LBP. Spinal
mobility was evaluated using LST and lateral
flexion measurements. At the end of the study,
although there were significant improvements in
all parameters in both groups, improvements in
the group treated with balneotherapy were significantly better. In the present study, significant
reductions in pain and disability levels and significant improvements in sagittal spinal alignment
and spinal mobility were achieved by PT. There
was also a significant improvement in pain levels
in the control group. It is established that NSLBP
symptoms can resolve spontaneously with time.
Furthermore, home-based exercises and medical treatments that might be recommended
to patients during outpatient clinic evaluations
may have contributed to pain reduction. However, in the case of disability, sagittal spinal align-
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ment, and spinal mobility, which are important
treatment goals, significant improvements were
achieved only in the PT group. Despite the short
course of treatment, the results of the present
study confirm the beneficial effects of PT on
soft tissue elasticity.
Our study has several limitations owing to its
non-randomized nature. First, no placebo was
applied to the control group. To be able to
draw firm conclusions about the efficacy of PT,
a placebo-controlled trial should be designed.
However, sham or placebo applications are not
always possible owing to the nature of most
PT modalities. Second, the short follow-up period limits our results to the short term only.
Finally, the medications that might have been
prescribed to the patients, their period of use
and at which doses, and the adherence of the
patients to the exercise schedule were not recorded. Therefore, the possible contribution of
the medications and exercises on the outcome
parameters could not be estimated.
In conclusion, despite certain limitations and
short treatment duration, the results of the present study revealed that PT had significant effects
on pain, sagittal spinal alignment, disability, and
spinal mobility in patients with chronic NSLBP.
Further randomized controlled long-term studies are needed to confirm these results.
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