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Pain in the neck and lumbar areas is a frequent and
disabling complaint in the general population, and
proprioceptive information from muscle and joint
receptors is a crucial element of trunk control l). Joint
position sense (JPS), which is the ability to perceive
the locations of joints and which is an essential ele-
ment of maintaining balance or kinesthetic sense, is
an important function of the human body 2), JPS is a
neurological input that delivers information from the
body’s peripheral mechanical receptors to the central
nervous system. Those with functional JPS can per-
ceive the location of each physical segment without
visual assistance, and muscle spindles among the
mechanical receptors of the soft tissue are known to
play an important role in the function of refined
position sense 3). JPS in the spine is provided by the
spinal ligaments, facet joints, and intervertebral discs 4),

and more stimuli are given in the end range of joint
positions 5).

Previous research has stressed that impaired JPS is
a major cause of recurrent injuries, and many athletic
rehabilitation programs therefore emphasize proprio-
ception training 6). The range of motion (ROM) of
female office workers with neck pain was measured;
the result showed that their mobility was decreased in
all directions and that they employed altered muscle
recruitment strategies 7). According to previous
restudies on lumbar JPS, there was a correlation
between lumbar spinal motion and facet joint capsule
strain 8); those with back dysfunction and discogenic
back dysfunction had high joint position errors (JPEs)
9), and athletes with lower back pain had a lower
lumbar position sense 10).Research that examined the
effects of the JPS of lumbar joint mobilization 11) and
cervical joint manipulation 12) in healthy subjects
reported that JPS was improved by conventional

The Effects of Pelvis, Lumbar Spine and Cervical Spine
Manipulation on Joint Position Sense in Healthy Adults

INTRODUCTION

The purpose of this study is to investigate the effect of pelvic, Lumbar spine
and Cervical spine manipulation on the joint position sense in normal adults.
Thirty normal adults were divided into an experimental group of 15 subjects
and a control group of 15 subjects. The experimental group was treated with
pelvic, Lumbar spine and Cervical spine manipulation with massage, whereas
the control group received only massage. Both groups were evaluated in
terms of joint position errors (JPEs) using a digital dual clinometer before and
after the experiment. The comparison of the JPEs of the experimental group
and the control group before and after the experiment showed that the exper-
imental group’s cervical spine results were significantly different in the flexion,
left lateral flexion, and right rotation (p < .05) and lumbar spine results were
significantly different in the flexion and extension (p < .05), but the control
group’s results were not statistically significant in all items (p > .05). The pelvic,
lumbar spine and cervical spine manipulation makes an effect on the joint
position sense in normal adults. The findings of this study suggest that the
pelvis, lumbar spine and cervical spine manipulation improve the motor ability
in people with low joint position sense.
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proprioceptive training 13). Some research has also
looked at the relationship between JPS and dizziness.
However, most research that has examined the rela-
tionship between lower back pain and JPS involving
patients with persistent neck pain or a whiplash
injury has reported that JPS improved through exer-
cises. Some research has also looked at the effects of
lumbar joint mobilization or cervical joint manipula-
tion on JPS, but there has been no research examin-
ing the effects of the concurrent application of pelvic,
lumbar (L)-spine, and cervical (C)-spine manipula-
tion on JPS. Therefore, this study intends to investi-
gate these effects.

The subjects who participated in this study were 30
students at N university in Korea. They were equally
divided into an experimental group (five males and
ten females) and a control group (five males and ten
females). The age, height, and weight of the experi-
mental group were 22.7 ± 1.4 (mean ± SD) years,
164.8 ± 6.6 cm, and 60.2 ± 9.4 kg, respectively, and
the age, height, and weight of the control group were
21.7 ± 1.4 years, 165.1 ± 7.3 cm, and 66.9 ± 10.5
kg, respectively. There were no statistically signifi-
cant differences in the general characteristics of the
two groups. All the subjects were adults who were 20
years or older, and any subjects who had a history of
surgery, who had received hospital treatment, or who
had cervical or lumbar herniation of an intervertebral
disc were excluded from this study. This study was
approved by Korea Nazarene University’s institutional
review board, and the subjects were protected
throughout the experiment. All the subjects under-
stood the purpose of this study and provided written
informed consent prior to their participation in the
study in accordance with the ethical standards of the
Declaration of Helsinki.

The experimental group received pelvic, L-spine,
and C-spine manipulation and massage for 30 min-
utes each session with three sessions per week for
four weeks. The control group received only massage.
For the pelvis, a high-velocity, low-amplitude tech-
nique in a prone position was employed according to
Gonstead’s theory, and when the impact was applied,
the therapist overlapped both hands and placed them

on the posterior superior iliac spine or the ischial
tuberosity and applied shock three times using the
therapist’s weight, gravity, and acceleration 14,15). For
lumbar mobilization, the mobilization of all five joints
on the left and right sides of the lumbar vertebrae
was performed using Gong’s mobilization technique 11).
For cervical joint manipulation, the rotational correc-
tion was performed by contacting the rear areas of
the posterior articular pillar of the segment intended
for declination with the therapist’s thumb, giving
declination force on the horizontal plane against the
Y-axis, and then applying short and fast thrust in
the end range. For the correction of the lateral flex-
ion, the therapist’s index finger contacted the lateral
area of the segment intended for correction, triggered
lateral flexion to the coronal plane against the Z-
axis, and applied short and fast thrusts in the end
range. An increase in extension ROM was induced by
Gong’s mobilization 16). The activity of the experimen-
tal group is restricted to the maximum extent. The
massage was applied to the sternocleidomastoid,
upper trapezius, levator scapulae, posterior cervical,
erector spine, quadratus lumborum, latissimus dorsi,
and gluteal muscles. Compression, stripping and
cross fiber friction were used as massage techniques. 

JPS was evaluated using JPEs. In other words,
more JPEs indicated a lower JPS ability. JPEs were
measured using digital dual clinometers (Dualer IQ,
JTECH Medical, USA). After the subjects were
trained twice to find precise locations of the Fle 35°,
Ext 35°, LLF 30°, RLF 30°, LR 45°, and RR 45° in a
neutral position with passive movement under the
direction of the tester, they were directed to find the
location of each of the six directions with active
movement alone without guidance by the tester.
Then, the differences were recorded. JPEs were
measured three times before and after the experi-
ment, and the average value was used for analysis.
Cervical JPEs were measured only from the Fle, Ext,
LLF, RLF, LR, and RR, and lumbar JPEs were
measured only from the Fle, Ext, LLF, and RLF 11,12).

The experimental results were statistically analyzed
using SPSS 18.0 KO (SPSS, Chicago, IL, USA). After
the general characteristics of the subjects were deter-
mined, paired t-tests were used to compare the
changes in the Fle, Exe, LLF, RLF, LR and RR for the
pre-test and post-test in each group. The differences 
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between the two groups were tested using independ-
ent t-tests. The statistical significance level, α, was
set at .05.

The comparison of the JPEs in each group
The comparison of the JPEs of the experimental

group and the control group before and after the
experiment showed that the experimental group’s
cervical spine results were significantly different in
the Fle, LLF, and RR but that the control group’s
results were not statistically significant in all items (p
> .05) <Table 1>. The experimental group’s lumbar
spine results were significantly different in the Fle
and Exe (p < .05), but the control group’s results were
not statistically significant in all items (p > .05)
<Table 2>.

RESULTS

Fle

Exe

LLF

RLF

LR

RR

Fle

Exe

LLF

RLF

LR

RR

Experimental group

Control group

4,53±2.66

3.66±3.39

2.60±1.95

3.13±2.06

4.26±3.91

4.20±4.16

3.46±2.99

3.60±1.95

2.46±2.09

3.00±1.81

3.93±2.15

3.60±2.06

1.60±1.12

2.06±1.70

1.06±1.09

2.00±1.36

1.86±1.12

1.60±1.45

3.26±2.01

3.53±2.61

2.73±1.48

3.33±2.19

4.20±2.42

3.40±1.68

.00*

.12

.00*

.07

.05

.01*

.83

.93

.70

.69

.77

.74

4.11

1.65

3.15

1.93

2.11

2.69

.21

.08

-.38

-.40

-.29

.33

Post-test t-valuePre-testGroup Category p

Table 1. Comparison of cervical spine position errors in each group (unit: degree)

* p<.05, Mean±SD. Fle: flexion, Exe: extension, LLF: left lateral flexion, RLF: right lateral flexion, LR: left rotation, RR: right rotation

Fle

Exe

LLF

RLF

Fle

Exe

LLF

RLF

Experimental group

Control group

2.46±1.55

2.13±1.59

1.46±1.12

1.80±1.47

2.33±1.54

1.93±1.09

1.60±1.50

1.40±1.29

1.06±0.70

.86±0.91

1.33±0.81

1.33±0.97

2.86±2.29

2.26±1.75

1.40±0.91

1.60±1.12

.00*

.02*

.70

.22

.46

.56

.63

.66

3.72

2.57

.38

1.28

-.75

-.58

.48

-.44

Post-test t-valuePre-testGroup Category p

Table 2. Comparison of lervical spine position errors in each group

* p<.05, Mean±SD.
Fle: flexion, Exe: extension, LLF: left lateral flexion, RLF: right lateral flexion, LR: left rotation, RR: right rotation
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The comparison of the difference of pre test and
post test of the cervical spine JPEs results did show a

statistically significant difference between the two
groups in the Fle, LLF, and RR (p < .05)<Table 3>.
The lumbar spine JPEs results did show a statistically
significant difference between the two groups in the
Fle and Exe (p < .05) <Table 4>.

The facet joints serve mechanical and mechanosen-
sory functions in the spine. In addition, when a lum-
bar spinal motion occurs, the intervertebral angle and
lumbar facet joint capsule strain increase simultane-
ously. The capsule of the facet joint involves not only
joint stability through movement but also pain and
proprioception 8). Since the increased ROM of the
capsule of the facet joint has led to improvement in
proprioception functions, thereby enhancing JPS, this
study examined the effects of the concurrent applica-
tion of pelvic, L-spine, and C-spine manipulation on
healthy adults’ JPS. 
In a study related vertebral joint mobilization, Gong

et al. mentioned that cervical joint mobilization could
increase cervical ROM and muscle endurance 17) and
Lee et al. mentioned that lumbar joint mobilization
could increase lumbar ROM and decrease lumbar
back pain 18). In a study related to cervical JPS,

Treleaven et al. measured the JPEs of 102 subjects
with dizziness and unsteadiness following a whiplash
injury and 44 healthy adults and reported that the
JPS of those with dizziness and unsteadiness follow-
ing a whiplash injury decreased more significantly
than that of healthy subjects 19). This study also
reported that cervical mechanoreceptor dysfunction
may be the cause of dizziness in patients with a
whiplash injury. Jull et al. applied six weeks of con-
ventional proprioceptive training and craniocervical
flexion training to 64 female subjects with a history
of either idiopathic (n = 39) or traumatic (n = 25)
chronic neck pain and measured the JPEs of the sub-
jects’ cervical extension and rotation. Although both
groups’ JPE decreased, the proprioceptive training
group saw their JPE decrease more than the cranio-
cervical flexion training group 13). Gong applied cervi-
cal joint manipulation and massage to 15 subjects in an
experimental group and only massage to 15 subjects
in a control group 12). The results of this experiment 

DISCUSSION

The comparison of the JPEs between experimental
group and control group

Fle* 

Exe

LLF*

RLF 

LR 

RR*

difference of pre test and
post test 

2.93±2.76

1.60±3.73

1.53±1.88

1.13±2.26

2.40±4.38

2.60±3.73

.02*

.23

.04*

.15

.07

.04*

0.20±3.62

0.06±3.21

-0.26±2.65

-0.33±3.17

-0.26±3.47

0.20±2.30

Experimental group Control groupCategory p

Table 3. . Comparison of cervical spine position errors between experimental group and control group (unit: degree)

* p<.05, Mean±SD.
Fle: flexion, Exe: extension, LLF: left lateral flexion, RLF: right lateral flexion, LR: left rotation, RR: right rotation

Fle* 

Exe*

LLF

RLF 

difference of pre test and
post test 

1.40±1.45

1.26±1.90

0.13±1.35

0.46±1.40

.02

.04

.90

.25

-0.53±2.74

-0.33±2.19

0.20±1.61

-0.20±1.74

Experimental group Control groupCategory p

Table 4. .Comparison of lumbar spine position error between experimental group and control group (unit: degree)

* p<.05, Mean±SD.
Fle: flexion, Exe: extension, LLF: left lateral flexion, RLF: right lateral flexion
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showed that cervical joint manipulation reduced JPEs
and improved JPS.  

In a study related to lumbar joint mobilization,
Konstantinou et al. applied joint mobilization to 26
lower back pain patients and reported that the group
that received joint mobilization experienced a signifi-
cant increase in lumbar extension ROM 20). Simon et
al. applied vibration to the paraspinal muscles of 23
young patients with lower back pain and 21 control
subjects, measured their lumbosacral position sense,
and reported that repositioning accuracy was signifi-
cantly lower in the patient group than in healthy
individuals 21). This research is similar to the present
study, which concentrated on stimulation of the joint
capsule mechanoreceptors, because it involved the
stimulation of the mechanoreceptors of the deep
muscles. Gong applied lumbar joint mobilization and
massage to 15 subjects in an experimental group and
only massage to 15 subjects in a control group and
reported that lumbar joint mobilization reduced JPEs
and improved JPS 11). 

The results of the examination of the effects of the
concurrent application of pelvic, L-spine, and C-
spine manipulation on health adults’ JPS showed that
the cervical spine manipulation had statistically sig-
nificant effects on the Fle, LLF, and RR (p < .05) and
that the lumbar spine manipulation had statistically
significant effects on the Fle and Exe (p < .05). Such
results are similar to those of previous studies, which
concluded that that joint manipulation enhanced JPS.
The mobility of each segment, which was triggered by
joint manipulation, likely activated the proprioceptors
of the joint capsules and deep muscles, which
improved JPS but Massage did not affects the JPS
because it did not increase the mobility of the joint.
Thus, pelvic, L-spine, and C-spine manipulation
should be applied to those with decreased JPS capa-
bilities that resulted from reduced ROM or from ver-
tebral dysfunction with decreased motor activity.

To examine the effects of the pelvic, lumbar spine,
and cervical spine manipulations on the joint position
sense of normal adults, subjects were classified into
the experimental group and the control group of 15
members each. The experimental group received L-
spine and C-spine manipulation with massage, and
the control group received only massage. The joint
position errors were measured before and after
experiment with a digital dual clinometer. As a result,

the experimental group showed statistical signifi-
cances in the differences of joint position error
between flexion, extension, left lateral flexion, right
lateral flexion, left rotation, right rotation in the
neck, flexion, extension, left lateral flexion, right lat-
eral flexion in the lumbar. However, no statistical
significances were found in the control group. This
result is similar to a previous study which reported
that joint manipulation improved the joint position
sense. The joint manipulation generated mobility in
each segment and activated the proprioceptors of the
joint capsules and deep muscles, thus improving the
joint position sense. Therefore, pelvic, L-spine and
C-spine manipulations could be used to clinically
treat the motor ability of people with low joint posi-
tion sense due to reduced joint range of motion. or
patients with vertebral dysfunction.

This research was supported by the Korea Nazarene
University Research Grants in 2018.
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