
570

Original Article

Comparison of spinal column alignment and  
autonomic nervous activity using the  
intersegmental tenderness test in the segment above

Masaki Aino, PT, MS1)*, Shinichiro Oka, PT, PhD2), Koutarou Haruguchi, PT, MS3), 
Mayumi Aino, PT4), Shun Hashimura, PT4), Kazuo Kurosawa, PT, PhD5)

1) Japan Systemic Fascia Neuro-Pain Approach Association: 1-13-24 Kashii Ekimae, Higashi-ku, 
Fukuoka-shi, Fukuoka 813-0013, Japan

2) Department of Physical Therapy, School of Health Sciences at Fukuoka, International University of 
Health and Welfare, Japan

3) Department of Rehabilitation, Fukuoka Wajiro Hospital, Japan
4) Department of Rehabilitation, Kitakyushu Koga Hospital, Japan
5) Department of Physical Therapy, School of Health Sciences at Odawara, International University of 

Health and Welfare, Japan

Abstract. [Purpose] The thoracolumbar supraspinous intersegmental tenderness test (ITT) in the segment above 
was performed to compare spinal alignment and autonomic activity in the presence or absence of pain. [Participants 
and Methods] Thirty young males were grouped into Th1–4 (Cardiopulmonary visceral nerves), Th5–9 (Large 
visceral nerve), and Th10–12 (Small visceral nerve) by ITT for the presence of pain. Measurements of the spinal 
alignment and autonomic function were performed. [Results] Those with ITT pain had a significantly lower range of 
motion in the sagittal plane at Th12, Th12–L1, and L2–3 and in the frontal plane at Th1–2, Th4–5, Th6–7, and L3–4 
than those in the no pain group. On autonomic function tests, the pain group had significantly lower Total Power, 
LF (Low Frequency), and CVRR (Coefficient of variation of R-R interval). [Conclusion] In ITT, patients with pain 
at Th5–9 have a mixture of reduced sagittal tilt angle and autonomic hypofunction of the adjacent upper and lower 
thoracic to lumbar vertebrae.
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INTRODUCTION

Back pain is a general term for pains in the upper back and lower back that do not show any neurological changes or 
organic changes due to imaging findings1). According to the 2016 National Lifestyle Survey, low back pain and stiff shoulders 
account for the first and second most common health problems for both males and females, and it is reported that disorders 
of motor function and visceral function increase with aging2). Furthermore, patients with back pain are affected not only 
by pain but also economic loss due to their inability to work as well as ADL limitations, socio-economic problems, and 
deterioration of quality of life. Therefore, improvement of back pain and rehabilitation of patients are important issues in 
physical therapy3, 4).

ICD-9-CM (International Classification of Diseases) defines a pathological condition called “physical dysfunction” for 
disorders of motor function and visceral function related to back pain. Somatic dysfunction is “impairment or change in the 
structure of bones, joints, fascia, which are components related to somaticity, and related components of blood vessels, lymph, 
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and nervous system”5), and it is considered to apply when the symptoms appear in the back due to dysfunction of the spinal 
facet joints or diseases or dysfunction of internal organs6). Studies investigating the neurological mechanism of manipulation 
of the spinal column have also reported that back pain also affects reflex nerve output to both muscles and internal organs7), 
so back pain might mix both motor dysfunction and visceral dysfunction. Regarding the relationship between back pain and 
motor dysfunction, it has been reported that patients with nonspecific low back pain have a smaller trunk lateral flexion ROM 
than healthy participants and that this is related to the laterality of erector spinae muscle activity8). In addition, it has been 
reported that degeneration of muscles, ligaments and facet joints induces pain due to continued spinal misalignment, causing 
deterioration of spinal mobility9, 10), balance ability, walking ability3) and QOL4).

Some types of joint pain are considered back pain due to visceral diseases and dysfunction. The autonomic nervous system 
that controls visceral function has different organs based on the medullary level of the thoracolumbar sympathetic ganglia. 
Therefore, it has been clarified that referred pain due to dysfunction of internal organs occurs in a specific area on the back of 
the body11, 12). Regarding the relationship between associated pain and abnormalities in the autonomic nervous system, it has 
been reported that inhibition of the sympathetic nervous system leads to pain relief13). It has also been reported that increased 
muscle activity increases sympathetic nerve activity, resulting in decreased peripheral blood flow, decreased body surface 
temperature, and limited range of motion14). Therefore, it is necessary to pay attention not only to the motor function but also 
to the autonomic nerve function that controls the internal organs as a factor of back pain.

Dysfunction of the spinal intervertebral joints related to back pain is assessed by mechanical stress on the noncontractile 
tissues of the joint components, the joint capsule and ligaments, which induce pain15). The supraspinous intersegmental 
tenderness in the segment above test (ITT)16) is a manual compression of the supraspinous ligament that crosses between 
the spinous processes and evaluates somatic dysfunction based on the presence or absence of pain. Therefore, the purpose 
of this study is to compare spinal alignment and autonomic nerve activity based on the pain by ITT, and to examine somatic 
dysfunction of the thoracolumbar spine from the viewpoint of motor function and neurophysiology.

PARTICIPANTS AND METHODS

This study was approved by the Ethical Review Committee of International University of Health and Welfare (18-Ifh-065). 
The participants were informed about the study in writing, and consent was obtained before the study was conducted. The 
participants were 30 young males (28.5 ± 5.1 years). Exclusion criteria were those who had or had a history of Locomotor 
(musculoskeletal) disorders of the spinal column or neurological disorders, or those who had a disease being treated and were 
taking medication. As a precaution, we instructed subjects to refrain from ingesting caffeine and alcohol within 24 hours of 
the test17).

The items measured were the intersegmental tenderness in the segment above test (ITT), the sagittal spine inclination 
angle, and the electrocardiogram. The measurement procedure was as follows: (1) measurement of spinal alignment with the 
participant in a chair in the sitting position, (2) measurement of the electrocardiogram after resting for 20 minutes in a supine 
position on a bed, and (3) ITT with the participants in a prone position. (4) Statistical analysis: since the sympathetic ganglion 
of the spine has different effectors that control differently depending on the segment, the pain site of ITT is defined as Th1–4 
(pain: A1, pain: B1), Th5–9 (pain: A2, pain: B2), Th10–12 (pain: A3, pain: B3). The experimental environment for ECG was 
soundproofed room and room temperature 27 °C. The time of measurement was around 17:0018).

In the ITT test, the participants were placed in a prone position, and the supraspinous ligaments from Th1 to Th12 were 
manually pressed, and the cases where pain occurred were classified into group A, and the cases where pain did not occur 
were classified into group B. The ITT was judged to be painful when a sensor pad of the portable contact pressure measuring 
device Palm Q (Cape Co., Ltd., city, country) was placed at the pressing site of the participant and pressed to 200 mmHg, 
causing pain.

SpinalMouse® (Index, city, country), a spinal measurement analyzer, was used to measure spinal column alignment. 
In a previous study it was reported that the measurement of spinal alignment intraclass coefficients was 0.95 by using the 
SpinalMouse®19). In this study, in order to measure stable values, the subjects were asked to wear an open-back examination 
gown, and their posture was indicated. The participants were made to sit in a height-adjustable chair without a backrest in 
a sitting posture that included 90° hip/knee flexion20). They were instructed to keep their feet shoulder-width apart, arms at 
their sides, and face straight and horizontal toward the wall20). The examiner, a therapist with more than 10 years of clinical 
experience, palpated the spine and marked each spinous process. The measurement wheel was then moved slowly along the 
spine, and measurements were taken from Th1 to S3. The data of L3 was used. The index of spinal alignment was the sagittal 
plane tilt angle of each spine, and the average of three measurements was used as the representative value.

The electrocardiogram was measured using a portable heart rate variability measuring device, Check My Heart (manufac-
tured by TRYTECH, city, country), and the RR interval was recorded at a sampling frequency of 250 Hz. The participants 
were instructed to perform the forearm supination in the supine position on the bed, after the researcher grounded the 
disposable electrode on the proximal ventral side of the forearm, and then set the respiratory rate to 12 times per minute 
for 5 minutes21) according to a metronome. Heart Rate Variability (HRV) is a frequency analysis by Fast Fourier Transfer 
(FFT), Total Power (TP), Low Frequency Band (LF) 0.04 to 0.15 Hz, High Frequency. The power value and CVRR of the 
band (High Frequency: HF) 0.15 to 0.40 Hz were calculated. All R-waves were calculated using Fast Fourier Transform with 
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computational software (HRV Analysis Software V2.02). Regarding the indicators of autonomic nerve activity, TP is known 
as the activity of the entire autonomic nerve, LF is known as the the cardiac sympathetic/parasympathetic nerve, HF is the 
cardiac parasympathetic nerve, LF/HF is the balance between the sympathetic nerve and the parasympathetic nerve, and 
CVRR is known as the vagus nerve22).

RESULTS

As for participants who complained of pain by ITT, 13 out of 30 Th1–4 (A1: 13 and B1: 17), 19 out of 30 Th5–9 (A2: 19 
and B2: 11), 12 out of 30 Th10–12 (A3: 12 and B3: 18) (Table 1). Comparing the angle of inclination of the sagittal spine with 
and without pain, the Th1/2 level was 2.4 ± 1.7 ° in the A1 group and 4.5 ± 2.7 ° in the B1 group, which were significantly 
lower in the A1 group (p<0.05). At Th5–Th9 level, Th1/2 group 2.4 ± 1.7 °, B2 group 5.1 ± 2.8 ° (p<0.05), Th12/L1 A2 group 
1.7 ± 2.3 °, B2 group 3.2 ± 2.2 ° (p<0.05) In L2/3, the A2 group had 2.4 ± 1.7 ° and the B2 group had 4.8 ± 3.3 ° (p<0.05), 
and in the A2 group, the inclination angle decreased in the proximal and distal parts of the pain site (Table 2).

As a result of comparing the autonomic nervous function with and without pain, TP was 1,645 (1,175–2,519) ms2 in 
the A2 group, 3,055 (2,638–6,528) ms2 in the B2 group (p<0.05), LF was 1,009 (505.5–1,669) ms2 in the A2 group, and 
2,407 (1,737–4,164) ms2 in the B2 group (p<0.01), CVRR was 5.19 (4.58–6.51)% in the A2 group and 9.29 (7.89–11.67)% 
(p<0.01) in the B2 group, both of which were lower in the A2 group (Table 3).

DISCUSSION

In this study, we differentiated the presence or absence of somatic dysfunction due to spinal ITT in typical adult males, 
and compared sitting sagittal spinal alignment and autonomic nervous activity. As a summary of the results, (1) ITT showed 
pain in 13 patients in Th1–4, Th5–9 in 19 patients, and Th10–12 in 12 patients, and (2) Th1–4 patients with pain in Th1/2. 
Thoracic spine tilt angle was low, (3) Th5–9 showed pain, and Th1/2, Th12/L1, and L2/3 showed a decrease in thoracic spine 
tilt angle and a decrease in TP, LF, and CVRR among autonomic nerve activities.

Repetitive loading on joints and surrounding muscle tissue may induce inflammation from microinjury of tissue23, 24) and 
transition to repetitive injury25). Furthermore, it has been pointed out that the occurrence of repetitive injury is caused by 
several musculoskeletal disorders including work stress syndrome26) and cumulative traumatic disorder27, 28), and that work 
of 30 hours or more per week may cause repetitive injury29). Therefore, ITT-positive patients may have somatic dysfunction 
in the facet joints due to the accumulation of mechanical stress in the local supraspinous ligament due to poor posture and 
muscle fatigue in daily life.

Those who showed pain at Th1–4 had a low thoracic spine tilt angle at Th1/2 level. The Th1/2 level is the transition between 
the cervical spine, which has physiological lordosis and supports the head, and the thoracic spine, which has physiological 
kyphosis and supports load through the cervical spine and thoracic abdominal organs. This site is the basis for extending and 

Table 1.  Comparison of spinal sagittal plane tilt angles with and without Th1–4 level pain

Level A1 (Group with pain, N=13) B1 (Painless group, N=17) p-value
Th1/2 2.4 ± 1.7 4.5 ± 2.7 *
Th2/3 5.8 ± 2.3 9.4 ± 5.6
Th3/4 6.4 ± 2.6 6.7 ± 2.2
Th4/5 3.8 ± 2.2 3.8 ± 2.1
Th5/6 2.6 ± 1.2 3.8 ± 2.2
Th6/7 3.0 ± 2.2 3.5 ± 2.2
Th7/8 5.1 ± 2.2 5.3 ± 3.0
Th8/9 5.8 ± 2.8 3.9 ± 1.9
Th9/10 3.4 ± 2.6 3.1 ± 2.1
Th10/11 2.9 ± 2.5 2.7 ± 2.2
Th11/12 2.2 ± 1.9 1.7 ± 1.4
Th12/L1 1.6 ± 1.2 2.8 ± 2.1
L1/2 1.5 ± 1.3 2.8 ± 1.9
L2/3 2.4 ± 1.5 4.0 ± 3.0
L3/4 2.5 ± 1.4 3.9 ± 1.9
L4/5 2.9 ± 2.0 2.0 ± 1.9
L5/S1 1.8 ± 1.1 1.6 ± 1.0

Mean ± standard deviation, Unit: °, Unpaired t-test, *p<0.05.
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compensating for the cervical spine when the head and neck are in a forward protruding position30). In a previous study of 103 
patients with cervical pain31), the tilt of the head was correlated with the tilt angle of C0–C2 (r=0.57) and the displacement 
of the vertebral body in the anterior-posterior direction (r=−0.53). It was reported that the curvature type classified from the 
anterior-posterior displacement of the cervical spine was correlated with the C0-C2 angle (r=0.38), C2–C7 angle (r=−0.73) 
and T1 tilt angle (r=−0.40)31). That is, when cervical misalignment occurs, mechanical stress is applied to the supraspinous 
ligament that supports Th1/2 posterior, which limits the angle at which the thoracic spine tilts forward and causes pain in ITT. 
It is probable that the thoracic spine tilt angle was reduced.

As for ITT, those who have pain at Th5–9 experience the pain site at the head, Th1/2 at the cervical-thoracic spine 
transition, and Th12/L1 to L2/3 at the thoracolumbar transition, and the autonomic nerve decreased TP, LF and CVRR, 
which indicate overall activity. Th5–9 is characterized by being located behind the center of gravity and having the largest 
thoracic kyphosis32), receiving the weight of the head from the cervical spine through the upper thoracic spine as a load from 
the superstructure. The change in pelvic posture is transmitted through the lumbar spine to change the kyphosis angle in the 
sagittal plane. In previous studies on spinal alignment in healthy adults, there was a moderate correlation between the thoracic 
spine and the lumbar spine (r=0.52), and a correlation between the Th1 vertebral body tilt angle and C0–C7 (r=0.63)33). It 
has been reported that the maximum angles of thoracic kyphosis and lumbar lordosis can be predicted from the Th1 sagittal 
plane angle34). From these facts, it is possible that head and neck alignment affects the decrease in the inclination angle from 
the middle thoracic spine to the lumbar spine as mechanical stress on the supraspinous ligament to the middle thoracic spine.

Regarding the evaluation of autonomic nerves, the A2 group, which had pain at Th5–9 levels, had significantly lower TP, 
LF, and CVRR. It has been reported that patients with chronic pain in the neck and lower back have decreased TP35), increased 
sympathetic nerve activity, and decreased parasympathetic nerve activity36). It has also been reported that sympathetic nerve 
activity is enhanced in a model of transient muscle dysfunction in which mustard oil is injected into the multifidus muscle37). 
Some of the effects of abnormal posture alignment on joints and muscles may be connected to muscles, bones, internal 
organs and blood vessels, and may pass through the deep fascia38) where free nerve endings are present. From these facts, it 

Table 3.  Comparison of autonomic nervous activity with and without pain at Th5–9 level

Measurement item LF** (ms2) HF (ms2) TP* (ms2) LF/HF CVRR**

A2 (Group with pain, N=19) 1,009 
(505.5–1,669)

138 
(57–344.5)

1,645 
(1,175–2,519)

7.62 
(2.7–12.62)

5.19 
(4.58–6.51)

B2 (Painless group, N=1) 2,407 
(1,737–4,164)

359 
(145–1,362.5)

3,055 
(2,638–6,528)

4.64 
(3.16–14.04)

9.29 
(7.89–11.67)

Central value (quartile range), Mann-Whitney U test, **p<0.01, *p<0.05.
TP: Total power; LF: Low frequency; HF: High frequency; CVRR: Coefficient of variation of RR intervals.

Table 2.  Comparison of spinal sagittal plane tilt angles with and without Th5−9 level pain

Level A2 (Group with pain, N=19) B2 (Painless group, N=11) p-value
Th1/2 2.7 ± 2.0 5.1 ± 2.8 *
Th2/3 6.5 ± 2.6 10.1 ± 6.8
Th3/4 6.5 ± 2.3 6.8 ± 2.5
Th4/5 4.1 ± 2.1 3.2 ± 2.2
Th5/6 3.3 ± 1.6 3.2 ± 2.5
Th6/7 3.3 ± 2.0 3.1 ± 2.5
Th7/8 5.5 ± 2.5 4.7 ± 3.0
Th8/9 5.0 ± 2.6 4.2 ± 2.3
Th9/10 3.0 ± 2.3 3.6 ± 2.4
Th10/11 2.5 ± 2.4 3.3 ± 2.2
Th11/12 2.0 ± 1.8 1.8 ± 1.5
Th12/L1 1.7 ± 1.3 3.2 ± 2.2 *
L1/2 1.8 ± 1.6 3.0 ± 2.1
L2/3 2.4 ± 1.7 4.8 ± 3.3 *
L3/4 3.0 ± 1.8 3.8 ± 2.0
L4/5 2.7 ± 2.2 1.9 ± 1.4
L5/S1 1.5 ± 1.1 2.0 ± 1.0

Mean ± standard deviation, Unit: °, Unpaired t-test, *p<0.05.
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is inferred that the decrease in autonomic nerve activity and the decrease in parasympathetic nerve activity in this study were 
caused by Th5–9 level pain due to postural abnormalities.

In this study, we compared spinal alignment and autonomic function with and without ITT pain. As a result, those with 
pain at Th1–4 had a decrease in the thoracic spine tilt angle of Th1/2, and those with pain at Th5–9 had a decrease in the 
spine tilt angle from the lower thoracic spine to the lumbar spine and autonomic nerve activity. A decrease was observed. As 
a physiotherapy application, this suggests that if a patient experiences back pain in Th5–9, it is necessary to evaluate and treat 
it considering not only motor dysfunction but also the effect on autonomic nervous function.

As an application in physical therapy, we believe that the combination of somatic dysfunction such as spinal mobility with 
autonomic function and pain provocation tests can help interpret the patient’s condition.

As a future task of this study, it is necessary to examine the method of detecting spinal mobility by comparing not only the 
sagittal plane limb position but also different limb positions such as trunk flexion and extension.

The limitations of this study are that the posture of the head and pelvis cannot be evaluated and the muscle function of 
the erector spinae muscles cannot be evaluated in terms of motor function. Therefore, it is necessary to measure the postural 
alignment and surface EMG at the same time to investigate the effect of muscle function. In addition, it will be possible 
to evaluate the autonomic nervous function according to the spinal segment and collect information related to the visceral 
function that shows its effect by using a questionnaire on digestion and excretion. In this way, we would like to clarify the 
mechanisms that affect back pain.
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