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Abstract.	 [Purpose]	 To	 clarify	 the	 effects	 of	 longitudinal	 changes	 in	 older	 adults	 by	 evaluating	 the	 relation-
ship	between	changes	in	spinal	kyphosis	and	respiratory	function	over	time	in	patients	with	certified	need	of	care	
in	 the	 long-term	care	 insurance	 system.	 [Participants	 and	Methods]	We	 included	57	older	adults	 (28	males	and	
29	 females)	 aged	 ≥65	years	who	were	 identified	 as	 requiring	 long-term	 care	 or	 support.	 The	 participants	were	
community-dwelling	individuals	undergoing	ambulatory	rehabilitation.	We	assessed	the	longitudinal	changes	in	
spinal	kyphosis	index,	respiratory	function	and	muscle	strength,	and	body	composition	over	1	year.	[Results]	The	
spinal	kyphosis	index	was	10.5	at	the	first	measurement	and	14.6	at	1	year	after	the	first	measurement,	showing	a	
significant	increase.	We	did	not	detect	any	significant	differences	in	respiratory	function	and	muscle	strength,	or	
body	composition.	[Conclusion]	This	1	year	longitudinal	comparison	suggests	that	the	spinal	kyphosis	indexes	were	
high,	and	the	respiratory	function	and	trunk	muscle	mass	remained	unchanged.	Therefore,	the	relationships	were	
negligible.
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INTRODUCTION

Spinal	kyphosis	is	the	most	common	postural	alignment	abnormality	in	the	elderly.	Previous	studies	have	shown	that	its	
mechanisms	of	occurrence	include	weakening	of	the	trunk	extensor	muscles	with	aging	and	osteoporosis	and	difficulty	in	
moving	the	center	of	gravity	backward1, 2).	Adults	with	spinal	kyphosis	are	at	a	high	risk	of	falls,	which	not	only	contributes	to	
postural	and	gait	instability	but	also	affects	respiratory	function3).	In	particular,	spinal	kyphosis	restricts	thoracic	movement	
during	inspiration,	leading	to	respiratory	failure	due	to	restricted	ventilation4).	In	addition,	spinal	kyphosis	creates	difficulties	
in	achieving	extension	of	the	thoracic	spine	during	inspiration,	which	easily	increases	the	load	on	the	anterior	thoracic	and	
cervical	muscles	and	hastens	the	onset	of	respiratory	muscle	failure5).
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The	relationship	between	spinal	kyphosis	and	respiratory	function	has	been	reported	from	various	perspectives,	but	this	
relationship	is	unclear	in	older	adults	who	are	certified	with	long-term	care	insurance.

Several	previous	studies	that	compare	the	normal	posture	and	kyphosis	posture	of	young	healthy	people6,	7)	and	elderly	
people	living	in	the	community8)	reported	that	the	inspiratory	function,	respiratory	muscle	strength,	and	expiratory	flow	rate	
were	significantly	reduced	in	cases	of	severe	spinal	kyphosis.	One	study	found	a	positive	correlation	between	respiratory	
function	and	respiratory	muscle	strength	when	using	the	skeletal	muscle	mass	index9).	A	longitudinal	study	of	thoracic	spine	
curvature	and	respiratory	function	in	elderly	people	living	in	the	community	showed	that	females	with	more	pronounced	
kyphosis	had	poorer	 respiratory	 function10).	Moreover,	 few	studies	have	compared	gender	differences	 in	spinal	kyphosis	
in	older	adults	certified	with	 long-term	care	 insurance.	There	are	 few	studies	on	 longitudinal	changes	 in	 the	progression	
of	dorsal	spine	dysfunction	and	respiratory	function	in	the	elderly.	The	purpose	of	this	study	was	to	clarify	the	effects	of	
longitudinal	change	 in	older	adults	certified	with	 long-term	care	 insurance	by	evaluating	 the	 relationship	between	spinal	
kyphosis	and	respiratory	function	over	time.

PARTICIPANTS AND METHODS

We	included	57	participants	aged	≥65	years	(28	males	and	29	females;	age,	76.7	±	9.3	years	[mean	±	standard	deviation])	
who	were	identified	as	requiring	long-term	care	or	support.	These	participants	were	community-dwelling	individuals	who	
were	undergoing	ambulatory	rehabilitation	under	the	long-term	care	insurance	system	at	least	once	a	week.	Their	characteris-
tics	were	as	follows:	height,	157.8	±	8.4	cm;	weight,	56.0	±	13.6	kg;	and	body	mass	index,	22.3	±	4.2	kg/m2.	The	participants	
were	divided	according	to	the	certified	level	of	long-term	care	or	support	that	they	required.	The	number	of	patients	who	
required	support	levels	1	and	2	was	6	and	7,	respectively	(2	and	5	males	and	4	and	2	females,	respectively),	whereas	the	
number	of	patients	who	required	care	levels	1,	2,	3,	and	4	was	21,	16,	4,	and	3,	respectively	(9,	7,	3,	and	1	male	and	12,	8,	1,	
and	2	females,	respectively).

This	study	was	approved	by	the	Ethics	Review	Committee	of	the	International	University	of	Health	and	Welfare	(approval	
number,	17-Io-189-7)	and	was	conducted	in	accordance	with	the	Declaration	of	Helsinki.	All	participants	or	their	families	
provided	informed	consent.

The	degree	of	spinal	kyphosis,	respiratory	function	and	muscle	strength,	and	body	composition	were	measured.	For	quan-
titative	assessment	of	the	degree	of	spinal	kyphosis,	the	curvature	between	the	seventh	cervical	vertebrae	(C7)	and	the	fourth	
lumbar	vertebrae	(L4)	was	traced	using	a	free	curve	ruler	(No.	971	65–50;	Staedtler,	Nuremberg,	Germany).	To	measure	the	
posture,	the	participant	was	placed	in	a	comfortable	sitting	position	with	both	feet	on	the	ground.	The	shape	of	the	curve	was	
transcribed	onto	paper,	and	the	length	of	the	straight	line	connecting	the	C7	and	L4	on	the	curve	was	defined	as	L	(cm),	the	
distance	from	the	line	to	the	apex	of	the	curve	was	defined	as	H	(cm),	and	the	spinal	kyphosis	index	was	calculated	using	
the	technique	described	by	Milne	et	al11).	This	scale	has	been	validated	and	is	considered	reliable11–13),	with	higher	values	
indicating	greater	kyphosis.	There	is	no	clear	cutoff	value;	however,	one	study	in	the	elderly	defined	spinal	kyphosis	as	a	
spinal	kyphosis	index	of	≥158).	We	used	the	following	parameters	as	measures	of	respiratory	function:	forced	vital	capacity	
(FVC),	forced	expiratory	volume	in	1	second	(FEV1.0),	percentage	of	the	forced	expiratory	volume	exhaled	in	1	second	
(FEV1.0%),	and	peak	expiratory	flow	rate	(PEFR).	The	following	parameters	were	used	as	measures	of	respiratory	muscle	
strength:	maximum	inspiratory	pressure	(PImax)	and	maximum	expiratory	pressure	(PEmax).	According	to	Black	and	Hy-
att’s	method14),	maximum	inhalation	was	performed	from	the	residual	volume	and	maximum	expiration	was	performed	from	
the	total	lung	capacity.	Pressure	was	maintained	for	2	seconds	through	a	nose	grip	and	mouth	filter.	Inhalation	and	exhalation	
were	defined	as	PImax	and	PEmax,	respectively.	An	electronic	diagnostic	spirometer	(Autospiro	AS-507,	Minato	Medical	
Science	Co.,	Ltd.,	Osaka,	 Japan)	and	a	 respiratory	muscle	strength	meter	 (AAM377,	Minato	Medical	Science	Co.,	Ltd.,	
Osaka,	Japan)	were	used	to	measure	the	maximum	values	in	accordance	with	the	American	Thoracic	Society	and	European	
Respiratory	Society	guidelines15,	16).	All	measurements	were	performed	with	the	patient	in	the	sitting	position.

For	body	composition,	an	InBody	520	(InBody,	Tokyo,	Japan)	was	used	to	measure	the	muscle	mass	of	both	the	arms	
and	 legs;	 the	 trunk,	 skeletal	muscle,	 and	body	 fat	masses;	 and	 the	 total	body	water.	Statistical	 analyses	were	performed	
using	paired	 t-tests	 for	pre-	and	post-comparison	of	 the	spinal	kyphosis	 index,	 respiratory	 function	and	muscle	strength,	
and	 parameters	 for	 the	 body	 composition.	We	 also	 used	 the	 unpaired	 t-test	 to	 compare	 gender	 differences	 in	 the	 spinal	
kyphosis	indices.	All	statistical	analyses	were	performed	using	SPSS	Statistics	version	25	(IBM,	Armonk,	NY,	USA),	and	
the	significance	level	was	set	at	5%.

RESULTS

Table	1	shows	the	characteristics	of	the	participants	and	the	results	of	the	measurements,	the	results	of	the	corresponding	
t-tests	for	the	spinal	kyphosis	index,	respiratory	function	and	muscle	strength,	and	items	of	the	body	composition.	The	spinal	
kyphosis	index	was	10.5	and	14.6	at	the	first	measurement	and	1	year	after	the	first	measurement,	respectively,	revealing	a	
significant	increase.	Results	of	the	respiratory	function	and	muscle	strength	tests	during	the	first	measurement	and	1	year	after	
the	first	measurement	were	as	follows:	FVC,	2.0	L	and	2.1	L;	FEV1.0,	1.7	L	and	1.7	L;	FEV1.0%,	83.7%	and	81.4%;	PEFR,	
4.2	L/sec	and	3.9	L/sec;	PImax,	31.2	cmH2O	and	35.8	cmH2O;	and	PEmax,	48.2	cmH2O	and	44.9	cmH2O,	respectively;	no	
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significant	differences	were	detected.	Additionally,	no	significant	differences	were	detected	in	the	changes	in	body	composi-
tion	from	the	first	measurement	to	1	year	after	the	first	measurement.	The	limb	and	trunk	muscle	masses	were	15.3	kg	and	
15.2	kg	and	17.4	kg	and	17.4	kg,	respectively.	Moreover,	in	all	parameters,	no	significant	differences	were	detected	when	
males	and	females	were	compared.

DISCUSSION

Results	showed	that	the	spinal	kyphosis	index	was	higher	1	year	later	in	the	older	adults	certified	with	long-term	care	
insurance.	According	to	a	previous	study17),	the	common	occurrence	of	spinal	kyphosis	in	20–40%	of	the	elderly	population	
is	not	only	a	problem	caused	by	aging	but	also	a	major	factor	in	the	increase	in	physical	dysfunctions	such	as	impaired	respi-
ratory	function,	lower	extremity	muscle	weakness,	and	loss	of	balance,	as	well	as	impairment	of	the	activities	of	daily	living	
(ADL)	and,	consequently,	results	in	falls	and	spinal	compression	fractures,	which	ultimately	lead	to	a	lower	quality	of	life	
and	higher	mortality	rates.	The	causes	of	spinal	kyphosis	are	multifactorial	and	include	muscle	weakness,	spinal	fractures,	
and	degeneration	of	discs	and	ligaments.	Of	these	causes,	muscle	weakness	of	the	back	muscles	has	been	reported	as	the	most	
likely	cause	of	spinal	kyphosis.	However,	in	this	study,	there	were	no	changes	in	the	limb	and	trunk	muscle	masses,	which	
suggests	that	the	effect	of	muscle	weakness	was	negligible.

In	addition,	a	previous	study18)	 found	 that	 the	spinal	kyphosis	 index	was	more	related	 to	 the	 index	of	expiration	 than	
inhalation	in	males	who	were	certified	with	long-term	care	insurance,	while	there	was	no	relationship	between	the	spinal	
kyphosis	index	and	respiratory	function	in	females	who	were	certified	with	long-term	care	insurance.	Therefore,	it	is	thought	
that	kinematic	or	anatomical	characteristics	may	cause	these	gender	differences.	In	this	study,	there	were	no	apparent	differ-
ences	in	the	progression	of	spinal	kyphosis	and	changes	in	respiratory	function	when	the	two	genders	were	compared.

The	participants	were	community-dwelling	 individuals	undergoing	ambulatory	rehabilitation	under	 the	 long-term	care	
insurance	system,	and	their	respiratory	function	may	have	been	maintained	because	of	regular	rehabilitation	and	increased	
opportunities	to	go	out.	Although	no	significant	changes	were	observed	in	1	year,	there	is	a	possibility	that	postural	abnor-
malities	such	as	spinal	kyphosis	may	progress	with	long-term	tracking.	A	study	of	community-dwelling	older	adults	in	their	

Table 1.		Characteristics	and	measurement	results	of	the	participants

The	whole,	n=57 Males,	n=28 Females,	n=29
First	time After one year First	time After one year First	time After one year

Characteristics
Age	(years) 76.7	±	9.3 77.7	±	9.3 74.8	±	9.9 75.8	±	9.9 78.5	±	8.6 79.5	±	8.6
Height	(cm) 157.9	±	8.4 157.9	±	8.4 163.5	±	6.8 163.5	±	6.8 152.4	±	5.8 152.4	±	5.8
Weight	(kg) 56.0	±	13.0 56.0	±	13.6 62.3	±	13.1 62.9	±	13.7 50.0	±	9.7 49.6	±	10.0
BMI	(kg/m2) 22.3	±	4.0 22.3	±	4.2 23.2	±	3.8 23.4	±	4.0 21.5	±	4.0 21.4	±	4.2

Spinal	kyphosis
Spinal	kyphosis	index 10.5	±	3.3* 14.6	±	4.9* 11.2	±	3.5* 16.1	±	5.5* 9.8	±	3.1* 13.2	±	3.8*

Respiratory function
FVC	(L) 2.0	±	0.6 2.1	±	0.7 2.0	±	0.7 2.6	±	0.6 2.0	±	0.6 1.7	±	0.4
FEV1.0	(L) 1.7	±	0.5 1.7	±	0.6 1.7	±	0.6 2.1	±	0.6 1.6	±	0.5 1.4	±	0.4
FEV1.0%	(%) 83.6	±	9.3 81.4	±	10.5 85.4	±	10.8 80.8	±	10.8 81.9	±	7.4 82.0	±	10.4
PEFR	(L/sec) 4.2	±	1.6 3.9	±	1.8 4.3	±	1.7 4.8	±	1.8 4.0	±	1.5 3.1	±	1.3

Respiratory	muscle
PImax	(cmH2O) 31.2	±	16.1 35.8	±	16.6 30.5	±	14.7 36.9	±	14.6 31.9	±	17.9 34.7	±	18.7
PEmax	(cmH2O) 48.2	±	22.8 44.9	±	19.1 54.0	±	20.7 52.6	±	16.7 42.8	±	23.9 36.9	±	18.3

Body	composition
Limb	muscle	mass	(kg) 15.3	±	4.2 15.2	±	4.8 15.4	±	4.2 15.9	±	4.2 15.1	±	4.3 14.3	±	5.4
Trunk	muscle	mass	(kg) 17.4	±	3.8 17.4	±	3.8 17.4	±	3.8 17.5	±	3.6 17.3	±	3.9 17.3	±	4.1
Skeletal	muscle	mass	(kg) 20.5	±	4.7 20.6	±	4.5 20.7	±	4.8 20.9	±	4.6 20.4	±	4.6 20.3	±	4.6
Body	fat	mass	(kg) 17.1	±	8.9 16.8	±	9.2 18.0	±	11.0 17.5	±	11.3 16.2	±	6.1 16.1	±	5.7
Total	body	water	(L) 28.6	±	5.6 29.1	±	5.9 29.1	±	6.1 29.5	±	6.0 28.0	±	5.1 28.6	±	5.9
SMI	(kg/m2) 6.1	±	1.1 6.1	±	1.1 6.1	±	1.1 6.3	±	1.1 6.0	±	1.1 5.9	±	1.1

Mean	±	standard	deviation.	FVC:	forced	vital	capacity;	FEV1.0:	forced	expiratory	volume	in	one	second;	FEV1.0%:	percentage	of	
forced	expiratory	volume	in	one	second;	PEFR:	peak	expiratory	flow;	PImax:	maximum	inspiratory	mouth	pressure;	PEmax:	maxi-
mum	expiratory	mouth	pressure,	limb	muscle	mass:	both	arms	muscle	mass	+	both	legs	muscle	mass;	SMI:	limb	muscle	mass/height	
(m)2,	paired	t-tests	*p<0.05.
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50s	to	80s	found	that	with	increasing	age	in	both	males	and	females,	a	decline	in	the	trunk	extensor	muscle	group	is	associated	
with	an	increase	in	spinal	kyphosis19).	This	may	cause	deformation	of	the	thorax,	decreased	spinal	mobility,	and	shortening	of	
the	abdominal	muscle	group,	which	may	lead	to	decreased	respiratory	function.	In	addition,	we	would	like	to	examine	other	
factors	such	as	comorbidities,	pain,	and	decline	in	ADLs	and	would	recommend	the	continued	use	of	community-dwelling	
individuals	 undergoing	 ambulatory	 rehabilitation	 under	 the	 long-term	 care	 insurance	 system	 as	 the	 study	 population,	 in	
addition	to	spinal	kyphosis	as	an	outcome.

A	limitation	of	this	study	is	that	it	did	not	consider	respiratory	disease	and	medical	history.	In	addition,	it	was	measured	at	
a	single	facility	and	age	and	care	level	were	not	standardized.	Although	the	degree	of	spinal	kyphosis	was	calculated	using	
the	spinal	kyphosis	index,	it	is	possible	to	comprehensively	evaluate	the	angles	of	the	cervical,	thoracic,	and	lumbar	vertebrae	
using	a	spinal	mouse	and	other	techniques.	Only	thoracic	spine	kyphosis	related	to	thoracic	breathing	is	assessed,	with	the	
possibility	of	compensatory	ventilation	with	abdominal	breathing.	This	study	only	evaluated	thoracic	spine	kyphosis;	how-
ever,	a	comprehensive	evaluation	of	the	spine	is	needed.	Although	the	instrument	used	for	measurement	was	a	spirometer,	
familiarity	from	repeated	measurements	and	individual	differences	in	the	transmission	of	instructions	may	have	influenced	
the	results.	In	conclusion,	this	is	the	first	study	to	reveal	the	longitudinal	changes	in	spinal	kyphosis	and	respiratory	function	
in	older	adults	certified	with	long-term	care	insurance.
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