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Abstract

Purpose : To investigate the relationship between breathing pattern disorder and joint position error (JPE) in patients with chronic
low back pain (CLBP).

Methods : Thirty nine patients with CLBP participated. End-tidal CO, and respiration rate (RR) were measured using a
capnography. Breathing-hold time (BHT) and Nijmegen Questionnaire (NQ) were investigated. Thoracic excursion was measured
with a cloth tape measurement technique. Joint position error were measured using a small laser point mounted on a lightweight
headband. they were asked to relocate the head, after the neck movement on the horizontal plane. Pearson 's test was used for
correlation analysis between respiratory variables and JPE in patients with CLBP. Independent t-test was used to verify the
difference between thoracic and diaphragm breathing pattern in patients with CLBP. The significance level was set at 0.05.

Results : There was a significant correlation between JPE (LR) and JPE (RR, EX) (r=.639, r=.813) (p<.001) and a low negative
correlation with end-tidal CO, (r=-.357) (p<.05). There was a significant correlation between RR and JPE (EX) (r=.750) (p<.001).
There was a low correlation between JPE (EX) and NQ (r=.333) (p<.05). There was a somewhat high negative correlation between
NQ and thoracic excursion (r=-.528) (p<.001). There was a somewhat high negative correlation between thoracic excursion and JPE
(LR, RR, EX) (r=-470, r=-.484, r=-.602) (p<.001). There were no significant differences in the RR, BHT, NQ, and thoracic
excursion between the thoracic and diaphragmatic breathing (p>.05). There was a significant difference in the JPE (EX), end - tidal
CO,, and VAS values between the thoracic and diaphragm breathing (p<.05).

Conclusion : There was a correlation between JPE (EX) and NQ in patients with CLBP, and correlation between thoracic
excursion and JPE (LR, RR, EX) and NQ. There was a significant difference in the JPE (EX), end-tidal CO, level, and VAS value
in the comparison of thoracic breathing and diaphragm breathing. The results showed that breathing patterns and JPE were related

to each other.
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Table 1, General characteristics between breathing pattern groups

Variable Thoracic BP Diaphragmatic BP t P
Subjects (person) 32 7
Sex (M/F) 12/20 3/4
Year (age) 41.69+9.46 39.71+10.84 446 .667
Height (cm) 166.36+7.36 168.17+6.86 -.621 .549
Body weight (kg) 65.06+7.09 68.58+6.63 -1.255 240

BP; Breathing pattern

2 QTR IPE, BFAS

714 4

Ao Abe] WA A2 JPE LR 9.96+2.25 cm,
JPE_RR 10.60+2.82 cm, JPE EX 8.75+1.92 cm ©]%lth.

EtCO2+= 31.77£3.21 mmhg, 2 20.36+5.46 breaths/min,
NQ+= 20.7749.17, Excursione 2.59+.89 cm, VAS=
4.87£1.12 o]t AA] AFPAALS] 7145 A= Table 2
o} e},
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Table 2, Descriptive statistics

Variables Mean = SD Min Min Max
JPE_LR (cm) 9.96+2.25 6.3 18.2
JPE_RR (cm) 10.60+2.82 5.7 16.3
JPE_EX (cm) 8.75+1.92 4.7 14.8
EtCO, (mmHg) 31.7743.21 26 38

RR (breaths/min) 20.36+5.46 13 35
BHT (sec) 43.38+13.24 21 77
NQ 20.77+£9.17 5 43
Excursion (cm) 2.59+.89 1.2 4.5
VAS 4.87£1.12 3 7

JPE LR; Joint position error cervical left rotation, JPE RR; Joint position error cervical right rotation, JPE EX; Joint position
error_cervical extension, EtCO,; End-tidal carbon dioxide, RR; Respiratory rate, BHT; Breath hold time, NQ; Nijmegen
Questionnaire, Excursion; Thoracic Excursion, VAS; Visual Analoge Scale.

3. AT gAY

Az AHEAE £4% 23, JPE (LR)¥ JPE
(RR, EX)0ll A, 217} =& AAHIA7F YERE .5 (=639,

=.813)(p<.001), EtCO,% =}
Fh(r=-.357)(p<.05). JP

ARAA 7} Vet
RR)} JPE (EX)°] 4 4744/

ool

Table 3. Correlation matrix for joint position error and

7} =A YeERGtHr=750)(p<.001). JPE (EX)2} NQO|A]

We ATHEAZE Urebgth=333)(p<.05). NQ9H F2-g
19 Aol thh &S o AWIATL Uerget

(r=-528)(p<001). 2L Aelot TALAY o4
LR, RR, EX)Sl A 242h &9 A7} chas 7 U
EPFTHr=-.470, r=-.484, r=-.602) (p<.001)(Table 3).

respiratory variables

Variable JPE LR JPE RR JPE EX EtCO, RR BHT NQ Excursion
JPE_LR (cm) 1 639" 813" =357 082 -.047 212 -470™
JPE_RR (cm) 1 750" 057 .002 -.035 174 -.484™
JPE_EX (cm) 1 -287 208 033 333" -.602"
EtCO, (mmHg) 1 -308 039 -273 101

RR (breaths/min) 1 -.070 200 -.039
BHT (sec) 1 231 -.247
NQ 1 -.528"

Excursion (cm)

1

JPE LR; Joint position error cervical left rotation, JPE RR; Joint position error cervical right rotation, JPE EX; Joint position
error_cervical extension, EtCO,; End-tidal carbon dioxide, RR; Respiratory rate, BHT; Breath hold time, NQ; Nijmegen Questionnaire,

Excursion; Thoracic Excursion.
p<0.05", p<0.01"™




RR, BHT, NQ, 7}

49l
2 SNYAR gol FEBER hReteg vwo) A

TR Zpol7t gl etk (p>.05), 7HEE g 7tEYE S
H| o A JPE (EX), EtCO,, VAS ZroA= 9913t x}o]
7} 2121 th(p<.05)(Table 4).

Table 4, Comparison of JPE and respiratory variables between breathing pattern groups

Variable Thoracic BP (n=32) Diaphragmatic BP (n=7) t P
JPE_LR(cm) 10.19+2.32 8.89+1.66 1.737 .108
JPE_RR(cm) 10.8242.73 9.45+3.12 1.093 306
JPE_EX(cm) 9.04+1.90 7.40£1.46 2.546 027"

EtCO, (mmhg) 31.00+2.82 35.29+2.56 -3.931 .003"
RR (breaths/min) 21.00+5.60 17.43+3.82 2.039 .063
BHT (sec) 43.09+13.89 44.71£10.54 -.348 763
NQ 20.94+8.29 20.00+13.31 179 .863
Excursion (cm) 2.50+.87 3.02+.90 -1.441 158
VAS 5.00£1.19 4.29+.488 2.552 018"

BP; Breathing Pattern, JPE_LR; Joint position error cervical left rotation, JPE RR; Joint position error cervical right rotation, JPE EX;
Joint position error_cervical extension, EtCO,; End-tidal carbon dioxide, RR; Respiratory rate, BHT; Breath hold time, NQ; Nijmegen
Questionnaire, Excursion; Thoracic Excursion. VAS; Visual Analoge Scale.

p<0.05"
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Lo AgEE AR 5 ol Wilo] Tl
FE3 B EE 7FA| 3L ¢l t(McLaaughlin, 2009). &
Wy CO & v WS u Bradleye} Esformes(2014)

A

6 Journal of The Korean Society of Integrative Medicine | Vol.7 No.2



= A4H97E 3540 mmHgelal 38Rl
BPDE: 35 mmHg n]uke] gholeta #|ekatgich &
01]A1 Zhx g Oﬂ/ﬂ 49 ¥ EtCOx= 3

It 7HESS

%01
il
19
ﬂ
Jﬂ
iy
o,
FE
é
juvad (L
N e E

AolA COse] -
gl o] PH—4 57}§ of7]5tH &57] °*7}E'4
= oF7] st (Gardner, 1996; Garssen 5, 1992).
Wrtelze e, deld, AR weke

i sy AlSe] B dFE v

olN
1o

e, }01
o o

»

a o
32 o
8N oox Pt 3 N2

(Clifton-Smith & Rowley, 2011). 7H4 @ £3kx}o] A BPD
2 ECO2 o] FolE AR B 4 glom, 55/ ¢
FeFOR AT M) AT B JFL 2
%9 74T 0|2 A Bw A SFA ATl
49| 75 RS /b4 A Hrkdung 2006). Sl

5/ ARt JPE HAEE I 552 o] @ A
ol Sled, BALEI FFS HHA Ho
(Treleaven, 2008), JPE Zto] AAMH$IS Hojut &7 1t
ERthal = 4 Qleh o d5tellA= EtCO2 , JPEQ}
o] IAY} HEol o HHLTRHAE I 4T 2
a4ol 9l A 2tk

JPE (EX)¢} NQojA & AddAZE vepyth
Nijmegen Questionnaire (NQ)+= 7|5 Aof7} = T8 9
48 B/IE 1 AT AL G0l NOE U
Nsnd 55 @ FHBETEF 9
3f J—OJEI omf, NQojl ofslf &elH

o

o

FA F2 A
4£F02 QI Zlo| ohel MAAAe £F fuow
QI3ke] Ltebit Z4Fo]thCourtney 5, 2011). NQ&= 52

=
=
5870, wx QYW EE FF 447 Hopo] Big
HA) FAE mSHE, A ension) 3} HAE 5
ZWom Aol ¢lrkvan

(EX)9] glo 1—30}1‘ o} NQ g}g 7Po] l-_o].;(:] 25k, NQ
ot ZFE 20772 35752 A R HABE 7|E2A =
9 ekt

21 71€]eF NQ, JPE H=(LR, RR, EX)of|A]
2 2 A Uehgey 3o g
FRATY ZE7] Aol AYE F7HAITIAL THES-E
£ ASATE, BAWE S5 A% &5
(pump-handle motion)¥} £ WAL Z=X|str). uwhahA

2 weFo 2 F<Ql(length breathing)S -80]3}A 3tk
grdom, pra AL FUo) £HLES oAs
1, b dol& F7HA717] $1s) H o) el
F7HI710, okl ® vl hE WY u kE g
(bucket-handle motion)2 ZZIA|7Ith walA] 43 =3k
(width breathing)?] &S &o|3}4 3tch(Courtney =,
2008). BPDo] 9l= 7¢lofAl= MAE 219 mjgio]
ot NEEE SANEL 5F made HuUge
2L, o] A2 A2 FALHE Eote= 7tEe
A4S AlgHstch(Hruska, 1997). E3$F O'sullivan 5

A FFo| gl AUeNA AR5 3t
o 24 Ak WAE 5

)
ot
O
Rl
s <
i&
o
2
2
ol
N
hu
1=
s
ff
)
Ach
N

Molo B N oo
Ut o

RO e Xoox oY g @

2 o,
N

o o
Z
o)
By

o i

o

e}

lo %

ol

O,

o,

rd

N,

N

i)

f

fil

X

lo

oo
N
N h
i_t"
lo
(E
ot
il
ne
o F
N
4
;O

) 1 tH(Clark %,
REBANN BEARLAY oL 7}
o

Jo
-

[\
[w)
S
(9]
e
x
2
ox

& $1 AelE LA, PES e A
Hel Atolefl 59 AttAZE verd A Zoh
7tE2EY TtRYE S Hlf’—oﬂj\i JPE (EX), EtCO,,
VAS gholl Al #-2J3k 2ol 7k QIith &2 Aol A vbda
E3hzlo] HEETL 821 %, 7FEE BEL 17.9 % 9
t}. Bradley?} Esformes(2014)7} A7}st Wy 347-& oAt
Az TEEe A A, 7S] 53 %= vH
f5eAtel A%t AR TE o] Aolrt Sle
Ae & o Ak 1f A9 A J4, W T
Sy

W 1o

Q) tH(Hruska, 1997;
Chaitow, 2004). W&}A] 7}&3 53 7129t s 187k

H| oA 714358 189] IPE (EX)°] 7t2uss 18
Hr} gho] zbol7t 9l AL 3F B 2%t 2

v 2 mjZolgt AL shARL F I 7 wE Ao

—_




o
Hu
e M
o)

&
oy
~

o

(Bradley sformes, 2014; Chaitow, 2004). 5}%]
oA B &zlelo] AAHI} 3Ty Afo]of
I AA7SH o] 3 o7 uH|st A Zth 1
oﬂk] E_EZ g].x}e ]:H/K]—Oi —5} N%J
oM T folat zpol7h Lhebgkon, 2
Al ) @EWMW Aol th
A STl 5, 2007). s Aol A= 5
1% i (plane)©]| A XPOE ‘é‘%”l A FsFA7Iel ke

o o] e A7t dastt shAlth
7FEEE tR9E S vl A3, BtCOo A Helgt
Z}o] 7k Al Kapreli 5(2009)S 71453538 ElS 7}
A Afgo] BEZW ARE 2AE AHtka shgon],
75'

McLaughhn(2009) °© mEZzog uAI AlFo] HP%%P S

o3}
N

].

¢

_r&o}m
o fofr X o R ooy o)y T ofo o

i) 11101
‘Q = it rﬂ
fo o

iy

KU ol o o rju 2 & o
i3 Jl’}i ot

nm o

i-i«:—% o}ﬂl oﬁ 41:}?;} E—E—% @ﬂ IH CO,7} Y
T ol AlAEe] FFo ojatshda Heo] Hadhe

Zoleh. B57159) HFeA Brhel Axw g 27

&9 ECO:9 s, F €09 HAaE Ui o]
AR z‘ﬂousq PH% @iﬂ{lu}. R

‘/]'E]—‘/PE}(Chaltow 2004). 354
% AW 79 W), 210
ool v=stal wEgo]l vyl
2004; Seyal 5, 1998). & AolAZ 75E5 e 1
oA EtCO9 SAgke] A4 AR @A yEhy
7tewod et {23 AolE H Ak

2 AFolA TtEEES 7]'§‘1|}§—§ 15 “]—’Oﬂ/\ﬂ

=tol=

sEe} Z7bE Ae-slmamy AsEs AEHow
B 267 AP b A0 ASAA L5 9
ZFAI A o] FuEe- A © 7Ith(Macefield & Burke

o
-

o gt FEFe mlA= A8
Yzl BPDE 35 #o Hojste ISt Als o 2
g, =8, 237]Fol 9FE A, 5 HEx2 i
E3t AR B o9 F5H Vsolde 4o &
UTHChaitow, 2004). &54 4285 A4, vh1vl+,
ZE w3 My A7]a O dstke 5 AAE
A A Z1tkal SFF TtH(Rhudy & Meagher, 2000). 9Hd 8 £3
Aol BFstn sl wet B3 FEt g

ST Aot 2 ou)7} gk AYATolA gl v
g2, Y& 71&5355 8L AA4s, Adak], Askat

-

Hom FFS fUsHe Fa dxje Az, 9y
A g aBIe] AR Ao SvHE SEWEL AR
o Baye Aeksich

B A7 ARHORE AT WA LE B
2 Faso] glo] ATATUE A% Aol Aust
A 4 gt Aoln, Mg BEFS Sas gt
WA AR AR B B E e} PR TS v HO
eet ARET oz AT AT Aol 55
sels) JPES] PAE EALS Holo} & Aolth ¥R
84 el BEEe FEs By g 0

F 59 Hol(I&EE 29, ARUBE TH)7F UL
A= 5 @S ATk AT 7 AR o A

o7 Qlee ARHoR Fuxt dt

= F8HAto| A BPDI} JPES] TAIE X
Aol A7 JPE (EX )
oA AwTA deron], 159e] 97
E W<(LR, RR, EX), NQ o 4 A 7}
o2 olste] BETET} IPE/L A2 Baso] 9l
@ 2 Qolth B, 55T tRu g @A
E (EX), EtCO,, VAS Ztoll Al -2]8F }o]7} 9lgit}. o]
ﬁ% AAbOIA W AEA A B3 B TF

8 Journal of The Korean Society of Integrative Medicine \ Vol.7 No.2



x4

B

HO
Ho

Bradley H, Esformes J(2014). Breathing pattern disorders
and functional movement. Int J Sports Phys Ther, 9(1),
28-39.

Burke S, Lynch K, Moghul Z, et al(2016). The reliability
of the cervical relocation test on people with and
without a history of neck pain. ] Man Manip Ther,
24(4), 210-214.

Bockenhauer SE, Chen H, Julliard KN, et al(2007).
Measuring thoracic excursion: reliability of the cloth
tape measure technique. J Am Osteopath Assoc, 107(5),
191-196.

Cahalin LP, Braga M, Matsuo Y, et al(2002). Efficacy of
diaphragmatic breathing in persons with chronic
obstructive pulmonary disease: a review of the
literature. J Cardiopulm Rehabil, 22(1), 7-21.

Chaitow L(2004). Breathing pattern disorders, motor control
and low back pain. J Osteopath Med, 7(1), 33-40.
Chaitow L, Bradley D, Gilbert C(2002). Multidisciplinary

approaches to breathing pattern disorders. Edinburgh,
Churchill Livingstone, pp.83-110.
Clifton-Smith T, Rowley J(2011).

disorders

Breathing pattern

and physiotherapy:
profession. Phys Ther Rev, 16(1), 75-86.

Clark NC, Réijezon U, Treleaven J(2015). Proprioception in

inspiration for our

musculoskeletal ~ rehabilitation.  Part  2:  Clinical
assessment and intervention. Man Ther, 20(3), 378-387.

Clacys K, Brumagne S, Dankaerts W, et al(2011).
Decreased variability in postural control strategies in
young people with non-specific low back pain is
associated with altered proprioceptive reweighting. Eur J
Appl Physiol, 111(1), 115-123.

Courtney R, Greenwood KM,

Cohen  M(2011).

Relationships  between measures of dysfunctional
breathing in a population with concerns about their
breathing. J Bodyw Mov Ther, 15(1), 24-34.

Courtney R, van Dixhoorn J, Cohen M(2008). Evaluation of
breathing pattern: comparison of a Manual Assessment
of Respiratory Motion (MARM) and respiratory
induction  plethysmography.  Appl  Psychophysiol

Biofeedback, 33(2), 91-100.

WN(1996). The
hyperventilation disorders. Chest, 109(2), 516-535.

Garssen B, De Reuiter C, van Dyck R(1992). Breathing
retraining: a rational placebo?. Clin Psychol Rev, 12(2),
141-153.

Heikkild H, Astrom PG(1996). Cervicocephalic kinesthetic
sensibility in patients with whiplash injury. Scand J
Rehabil Med, 28(3), 133-138.

Hruska Jr RJ(1997). Influences of dysfunctional respiratory

Gardner pathophysiology of

mechanics on orofacial pain. Dent Clin North Am,
41(2), 211-227.

Jensen FB(2004). Red blood cell pH, the Bohr effect, and
other oxygenation-linked phenomena in blood O, and
CO, transport. Acta Physiol Scand, 182(3), 215-227.

Johnson BD, Saupe KW, Dempsey JA(1985). Mechanical
constraints on exercise hyperpnea in endurance athletes.
J Appl Physiol, 73(3), 874-886.

Jull G, Falla D, Treleaven J, et al(2007). Retraining cervical
joint position sense: the effect of two exercise regimes.
J Orthop Res, 25(3), 404-412.

Jung YW(2006). Effects of mcKenzie exercise on the
functional recovery and forward head posture of chronic
neck pain patients. Korean Soc Phys Med, 1(1), 93-108.

Kapreli E, Vourazanis E, Billis E, et al(2009). Respiratory
dysfunction in chronic neck pain patients. A pilot study.
Cephalalgia, 29(7), 701-710.

Kolar P, Sulc J, Kyncl M, et al(2012). Postural function of
the diaphragm in persons with and without chronic low
back pain. J Orthop Sports Phys Ther, 42(4), 352-362.

Laffey JG, Kavanagh BP(2002). Hypocapnia. N Engl J
Med, 347(1), 43-53.




chetsgrelst=lx| M7a M2z

Massé-Alarie H, Beaulieu LD, Preuss R(2016). Influence of
chronic low back pain and fear of movement on the
activation of the transversely oriented abdominal
muscles during forward bending. J Electromyogr
Kinesiol, 27, 87-94.

Martin JH(1991). Modality coding in the somatic sensory
system. In: Kandel E, Schwartz J, Jessell T, editors.
Principles of neural science. 3rd ed, London,
Prentice-Hall International Inc, pp.341-352.

Macefield G, Burke D(1991). Paraesthesiae and tetany
induced by voluntary hyperventilation. Increased
excitability of human cutaneous and motor axons. Brain,
114 ( Pt 1B), 527-540.

McLaughlin L(2009). Breathing evaluation and retraining in
manual therapy. J Bodyw Mov Ther, 13(3), 276-282.

O’Sullivan PB, Beales DJ, Beetham JA, et al(2002).
Altered motor control strategies in subjects with
sacroiliac joint pain during the active straight-leg-raise
test. Spine, 27(1), E1-8.

Palmer BF(2012). Evaluation and treatment of respiratory
alkalosis. Am J Kidney Dis, 60(5), 834-838.

Pinsault N, Fleury A, Virone G, et al(2008). Test-retest
reliability of cervicocephalic relocation test to neutral
head position. Physiother Theory Pract, 24(5), 380-391.

Revel M, Andre-Deshays C, Minguet M(1991).
Cervicocephalic kinesthetic sensibility in patients with
cervical pain. Arch Phys Med Rehabil, 72(5), 288-291.

Roéijezon U, Clark NC, Treleaven J(2015). Proprioception in

musculoskeletal rehabilitation. Part 1: Basic science and

principles of assessment and clinical interventions. Man
Ther, 20(3), 368-377.

Roussel NA, Nijs J, Truijen S, et al(2007). Low back pain:
clinimetric properties of the Trendelenburg test, active
straight leg raise test, and breathing pattern during
active straight leg raising. J Manipulative Physiol Ther,
30(4), 270-278.

Rhudy JL, Meagher MW(2000). Fear and anxiety: divergent
effects on human pain thresholds. Pain, 84(1), 65-75.
Seyal M, Mull B, Gage B(1998). Increased excitability of
the human corticospinal system hyperventilation.
Electroencephalogr Clin Neurophysiol, 109(3), 263-267.

Sremakaew M, Jull G, Treleaven J, et al(2018). Effects of
local treatment with and without sensorimotor and
balance exercise in individuals with neck pain: protocol
for a randomized controlled trial. BMC Musculoskelet
Disord, 19(1), 48.

Treleaven J(2008). Sensorimotor disturbances in neck
disorders affecting postural stability, head and eye
movement control. Man Ther, 13(1), 2-11.

van Dixhoorn J, Duivenvoorden HIJ(1985). Efficacy of
Nijmegen Questionnaire in recognition of the
hyperventilation syndrome. J Psychosom Res, 29(2),
199-206.

Yahia L, Rhalmi S, Newman N, et al(1992). Sensory
innervation of human thoracolumbar fascia. An
immunohistochemical study. Acta Orthop Scand, 63(2),
195-197.

10 Journal of The Korean Society of Integrative Medicine \ Vol.7 No.2



