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a b s t r a c t 

Background: The site and angle of kyphosis are important factors that affect quality of life (QOL). Lumbar kypho- 
sis, rather than thoracic kyphosis, is reported to affect the QOL in patients with kyphosis. Increased angle of 
kyphosis in elderly people is associated with a decline in motor and physical functions, and also correlates with 
reduced QOL. Investigation of how physical performance affects their QOL would be helpful in developing an 
effective physical therapy program for elderly patients with kyphosis. The aims of the current study were to 
evaluate the physical performance including back muscle strength, spinal range of motion, and walking ability 
in elderly patients with lumbar kyphosis, and to examine its association with back pain-specific QOL. 
Methods: The design of this study is a cross-sectional study in a single hospital. A total of 51 elderly women aged 
65 years or older diagnosed with kyphosis were enrolled in the study. The items evaluated were back pain (visual 
analog scale [VAS]), back-pain specific QOL (the Oswestry Disability Index [ODI]), maximum gait speed, thoracic 
kyphosis angle, lumbar lordosis angle, sacral inclination, spinal inclination, trunk extension/flexion range of 
motion (ROM), thoracic spinal ROM, lumbar spinal ROM, and back muscle strength. Data were analyzed using 
bivariate analyses and multivariate regression analyses. 
Results: Significant positive correlations were observed between ODI and VAS (rs = 0.506) or spinal inclination 
(rs = 0.626). Significant negative correlations were observed between ODI and maximum gait speed (rs = -0.664), 
lumbar lordosis angle, (rs = -0.553), trunk extension ROM (rs = -0.571), lumbar spinal ROM (rs = -0.651), or back 
muscle strength (rs = -0.521). Multiple regression analysis demonstrated that maximum gait speed (standard par- 
tial regression coefficient; b = 0.484) and lumbar spinal ROM (b = 0.463) had a significant impact on ODI. The 
results of analysis of variance were significant with R 2 of 0.622. 
Conclusions: The current study demonstrated that maximum gait speed and lumbar spinal ROM influenced back- 
pain specific QOL in the elderly women with lumbar kyphosis. Maximum gait speed and lumbar spinal ROM 

should be evaluated thoroughly to effectively perform non-operative treatment in elderly people with lumbar 
kyphosis. 
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Tweet 

Lumbar mobility and walking speed are predictive of changes in
ack-pain specific quality of life for patients with lumbar kyphosis. 

ntroduction 

Among adult spinal deformities, age-related spinal kyphosis is esti-
ated to affect 20–40% of elderly people and is becoming one of the
ajor medico-social problems in aging populations. [ 1 , 2 ] The site of

yphotic deformity is clinically significant. A previous study [3] pointed
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ut that lumbar kyphosis, rather than thoracic kyphosis, affected the
OL in the patients with kyphosis. The overall incidence of lumbar de-
enerative scoliosis in patients between the ages of 50 and 80 is high
ut reported clinically relevant spinal deformity in only about 10% [4] .
he most common physical finding is a loss of lumbar lordosis, progress-

ng first to flat-back and in a smaller number of cases to frank lumbar
yphosis. 

Most studies regarding the factors associated with back-pain specific
OL in patients with kyphosis have focused only on the angle of kypho-

is. A study in patients over the age of 18 years has pointed out that
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Fig. 1. Spinal alignment measurement device (Spinal Mouse®). 
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orsening kyphosis angle is associated with health-related QOL (SF-36,
RS-22) [5] . It has also been reported that subjects with an increased
yphosis angle in the lumbar spine have a significantly lower QOL (SRS-
9 and the Oswestry Disability Index [ODI]) than those with normal or
ordotic lumbar angle [6] . Additionally, an increase in kyphosis angle is
ssociated with a decrease in QOL regarding the satisfaction with sub-
ective health, family relationships, economic conditions [7] . Kyphosis
n the elderly deteriorates with many factors such as osteoporosis, os-
eoporotic vertebral compression fracture, disc degeneration, and other
keletal aging [8] . In addition to those factors, physical performance in-
luding trunk muscle strength and spinal mobility is closely correlated to
yphosis in the elderly [ 3 , 9 , 10 ]. However, no studies have investigated
he relationship between physical performance and back-pain specific
OL in patients with kyphosis. 

The purposes of the current study were to evaluate the relationship
etween back-pain specific QOL and physical performance that includes
ack muscle strength, spinal mobility, and walking ability in elderly
atients with kyphosis, and to identify the factors affecting the QOL. Our
ypothesis was that trunk extensor strength and/or extension mobility
ould affect the QOL in such patients. 

ubjects and methods 

tudy design 

This study was conducted in a cross-sectional design. Data and re-
earch protocol were approved by the research ethics committee of our
nstitution. The patients were given the right to opt-out of the study. 

atient recruitment 

Patients who suffered from chronic low back pain for at least 3
onths and were diagnosed with spinal kyphosis between September
016 and June 2018 in our outpatient clinic were enrolled in this study.
pinal kyphosis was diagnosed by attending orthopaedic spine surgeons
R.T, M.I, and O.S), based on standing whole spinal radiographs using
he Scoliosis Research Society-Schwab adult spinal deformity classifica-
ion [11] . Spinal kyphosis was defined as a sagittal vertical axis (SVA:
istance between C7 plumb line and posterosuperior corner of the S1
ertebral body) of 40 mm or more. All of the patients were women
ged 65 years or older. Patients were excluded if they had fresh osteo-
orotic vertebral fractures, previous history of spinal surgery, radicular
ymptoms, inflammatory disease, malignancy, paralysis, primary joint
isease such as active rheumatoid arthritis, moderate to severe muscu-
oskeletal disease (i.e. knee, hip, and sacrum), severe psychiatric distur-
ance, or other serious complications. 

ata collection 

First, the body height and weight of each patient were measured to
alculate the body mass index (BMI). Back pain was evaluated using
he visual analogue pain scale (VAS). The back-pain specific QOL was
valuated using the ODI [12] , a widely used measure for evaluating
he influence of back pain on QOL. In the present study, we excluded
uestions on sex life, thus a total of nine items were evaluated with
 maximum possible score of 45 points. Higher scores indicate higher
evels of disturbance. 

Next, the following measurements were performed: gait speed, spinal
lignment, range of motion (ROM) of the trunk, thoracic and lumbar
pine, as well as back muscle strength. 

ssessments 

ait speed 

Maximum gait speed was assessed using a 10-meter walk test [13] .
hree meters were provided at the beginning and end of the 10-meter
2 
alkway to allow participants to accelerate and decelerate to help re-
uce gait variability. Maximum gait speed was measured twice consec-
tively by a therapist who accompanied each subject. 

easurement of spinal alignment 

Spinal alignment in the sagittal plane was measured using the Spinal
ouse® (Index Ltd., Tokyo, Japan) ( Figure 1 ). Its validity and intra-

inter-rater reliability have been verified to be as high as those ob-
ained with radiography [ 14 , 15 ]. Measurements were performed with
he subjects standing at rest in a natural and relaxed posture. The Spinal
ouse® was moved caudally from the seventh cervical vertebra to the

hird sacral vertebra along the spinous processes following the pre-
cribed method ( Figure 2 A). The evaluation items included the thoracic
yphosis angle (TK; T1–T12), lumbar lordosis angle (LL; L1–L5), spinal
nclination angle, sacral inclination angle ( Figure 2 B). All measurements
ere performed by carefully keeping the Spinal Mouse® in close contact
ith the spinous processes. 

OM measurements of the trunk, and thoracic and lumbar spine 

The Spinal Mouse was used for the measurement. Trunk flexion ROM
nd extension ROM were obtained as the angle of spinal inclination
uring maximum trunk flexion and maximum trunk extension, respec-
ively. Thoracic spinal ROM was obtained as the difference in the tho-
acic kyphosis angles measured in the maximum flexion position and in
he maximum extension position. Lumbar spinal ROM was obtained as
he difference in the lumbar lordosis angles measured in the maximum
exion position and in the maximum extension position. Each angle was
easured three times ( Figure 3 ). Maximum trunk flexion position was

aken with the arms hanging straight down. Maximum trunk extension
osition was taken with the arms folded across the chest. 

easurement of back muscle strength 

Back muscle strength was measured using a hand-held dynamometer
HHD; Mobie MT-100; SAKAI Medical Co., Ltd. Tokyo, Japan; Figure 4 )
f which reliability and reproducibility have been verified in literature
16] . The measurements were performed on the subject while seated on
 40-cm high platform with the ankles and knees flexed to 90°. While
he pelvis was not immobilized, the arms were folded across the chest.
he soles of the feet were in contact with the floor. The patients were
sked to apply pressure on the HHD device, which was placed between
he wall and the patients’ back [ 17 , 18 ] (at the Th7 level, Figure 5 ). Un-
er these conditions, two isometric contractions of 3 seconds each were
erformed. An average of two measurement results were used in the
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Fig. 2. Measurement of spinal alignment on the sagittal 
plane. 
A. The scene of the measurement using Spinal Mouse®
B. Each measured angle 
a. thoracic kyphosis angle, b. lumbar lordosis angle, c. 
spinal inclination angle, d. sacral inclination angle. 

Fig. 3. Measurements of the ROM for the 
trunk, and thoracic and lumbar spine. 
A. Maximum trunk flexion position 
B. Maximum trunk extension position. 

3 
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Fig. 4. Back muscle strength measurement device (Mobie MT-100). 

Fig. 5. The scene of the measurement of back muscle strength. 
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Table 1 

Baseline data of all patients 
BMI, body mass index; SVA, sagittal vertical axis; VAS, visual analog 
pain scale; ROM, range of motion; ODI, Oswestry disability index; SD, 
standard deviation. Data are expressed as mean and SD. 

Variables Mean SD 

Age (years) 75.0 8.0 
BMI (kg/m 

2 ) 23.1 3.0 
SVA (mm) 110.4 33.8 
Back pain (VAS) (mm) 48.8 17.4 
ODI score 36.9 15.4 
Maximum gait speed (m/s) 0.99 0.31 
Thoracic kyphosis angle (°) 28.6 20.1 
Lumbar lordosis angle (°) -14.9 19.8 
Spinal inclination (°) 13.9 13.6 
Sacral inclination angle (°) -5.7 9.8 
Trunk flexion ROM (°) 109.4 16.3 
Trunk extension ROM (°) 3.1 20.5 
Thoracic spinal ROM (°) 18.5 11.4 
Lumbar spinal ROM (°) 45.0 19.1 
Back muscle strength (kgf) 11.5 3.5 
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nalysis. If the measured strength level increased by more than 10%
rom the first attempt, patients were asked to perform one additional
ttempt. The subjects received a full explanation of the method prior to
easurements and practiced the motions. Fatigue was taken into con-

ideration by allowing rest periods of at least 30 seconds between the
easurements. 

tatistical analysis 

Baseline characteristics are described using appropriate summary
tatistics. Spearman’s rank-order correlation coefficient (rs) was calcu-
4 
ated for correlations of ODI with age, BMI, back pain, maximum gait
peed, thoracic kyphosis angle, lumbar lordosis angle, spinal inclina-
ion, sacral inclination, thoracic spinal ROM, lumbar spinal ROM, trunk
OM and back muscle strength. Stepwise multiple regression was used

o investigate the factors affecting the back-pain specific QOL. When the
DI total score was the dependent variable, significantly correlated fac-

ors with increasing ODI were determined as independent variables. R
ommander (Version 2.8.1, freeware) was used for statistical analysis.
he significance level was 5%. 

esults 

A total of 51 patients were included in this study. Table 1 shows
he baseline data including age, BMI, back pain, ODI, maximum gait
peed, thoracic kyphosis angle, lumbar lordosis angle, spinal inclination,
acral inclination, thoracic spinal ROM, lumbar spinal ROM, trunk ROM,
nd back muscle strength. The mean SVA was 110.4mm (SD: 33.8). The
ean TK and LL was 28.6° (SD: 20.1) and -14.9° (SD: 19.8), respectively.
his means that the subjects in this study have distinctive lumbar kypho-
is. 

orrelations of ODI with measured values 

The mean ODI score was 36.9 (SD: 15.4) and ODI score (Section
, Pain Intensity) was 2.5 (SD: 1.3). Significant positive correlations
ere observed between ODI and VAS (rs = 0.506) or spinal inclination

rs = 0.626). Significant negative correlations were observed between
DI and maximum gait speed (rs = -0.664), lumbar lordosis angle, (rs = -
.553), lumbar spinal ROM (rs = -0.651), trunk extension ROM (rs = -
.571), or back muscle strength (rs = -0.521) ( Table 2 ). 

actors affecting ODI 

There was no multicollinearity among the independent variables
|rs| > 0.9). Hence, the variables exhibiting significant correlations with
DI were used for analysis. The stepwise multiple regression analysis

howed that maximum gait speed (standard partial regression coeffi-
ient; b = 0.484) and lumbar spinal ROM (b = 0.463) had a significant
mpact on ODI. The results of analysis of variance were significant with
 

2 of 0.622, showing a high degree of fit ( Table 3 ). 

iscussion 

The subjects in the current study were demonstrated to have dis-
inctive lumbar kyphosis, which has been reported to affect QOL more
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Table 2 

Correlations of ODI with clinical variables 
BMI, body mass index; VAS, visual analog pain scale; ROM, range of 
motion. 
Spearman’s rank-order correlation coefficient (rs) was calculated for cor- 
relations of ODI. Significance was defined by a p-value < 0.05 and sig- 
nificant values are italicized. 

Variables Rs p 

Age (years) 0.193 0.298 
BMI (kg/m 

2 ) -0.049 0.792 
Back pain (VAS) (mm) 0.506 0.004 

Maximum gait speed (m/s) -0.664 < 0.001 

Thoracic kyphosis angle (°) -0.070 0.709 
Lumbar lordosis angle (°) -0.553 0.001 

Spinal inclination (°) 0.626 < 0.001 

Sacral inclination angle (°) -0.005 0.697 
Trunk flexion ROM (°) -0.058 0.755 
Trunk extension ROM (°) -0.571 < 0.001 

Thoracic spinal ROM (°) -0.138 0.459 
Lumbar spinal ROM (°) -0.651 < 0.001 

Back muscle strength (kgf) -0.521 0.003 

Table 3 

Associations of ODI with clinical variables 
ROM, range of motion; b, standardized partial regression coefficient 
(beta). 
Stepwise multiple regression was used to investigate the factors affecting 
back-pain specific QOL. Significance was defined by a p value < 0.05. 
The total model explained 62.2% of variance in ODI (R 2 = 0.622). 

Variables Coefficient (b) P 

Maximum gait speed (m/s) 0.484 < 0.001 
Lumbar spinal ROM (°) 0.463 < 0.001 
R 2 0.622 
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han thoracic one [ 3 , 6 ]. The site of the kyphosis can be important in
nderstanding the pathology. 

The results of the current study demonstrated that, for the first time,
aximum gait speed and lumbar spinal ROM were closely associated
ith back-pain specific QOL in the patients with lumbar kyphosis. So

ar, most studies investigating factors associated with back-pain specific
OL in patients with kyphosis have focused solely on the severity of
yphosis. The increased angle of kyphosis in elderly people has been
hown to be related to reduced physical abilities such as walking [12] ,
alance [12–14] , and back muscle strength [ 13 , 14 ], thus resulting in
orsened QOL [5–7] . However, there have been few studies evaluat-

ng the direct association between physical performance and back-pain
pecific QOL in the elderly with lumbar kyphosis. 

anagement of kyphosis 

Adult spinal deformity including kyphosis can be managed non-
peratively or surgically. Despite little strong supporting evidence, non-
urgical treatments are regarded as the first-line treatment therapy.
mong such treatments, therapeutic exercise is one of the major treat-
ent modalities with a goal of managing pain and maintaining func-

ion [8] . Surgery is one of the most effective treatments in the patients
ith adult spinal deformity (ASD) including spinal kyphosis. However, it

an cause morbidity and mortality during and/or after the surgery. The
urgery for ASD especially has high complication rates such as pseu-
arthrosis, instrumentation failure, and proximal junctional fracture.
e do not believe that it should be indicated for all the patients. 
The treatment of spinal deformity is not only radiological correction

y surgery. QOL can be improved even without radiological correction
y surgery. Surgery is the only option for those who want correction,
hile therapeutic exercise is recommended for those for whom cosmetic
roblem is not the main complaint. Among non-operative treatments,
5 
herapeutic exercise can be a promising treatment. It has been recently
uggested as a preoperative treatment, or prehabilitation [ 20,21 ], as well,
hich is beneficial for surgical candidates for spinal kyphosis. One of

he goals in the current study was to obtain useful information for pro-
iding exercise treatment. A self-reported QOL assessment is helpful for
nderstanding the patient’s condition. 

X-ray or CT images represent only one aspect of structural deformity.
ombining those images with subjective measures such as ODI may pro-
ide clinicians with a more complete insight into the effects of spinal
eformity on patients. Therapeutic exercise targets the management of
ain and dysfunction to improve QOL. Surgery may be unnecessary if
OL improves with exercise therapy. To improve the effectiveness of
xercise therapy, it is important to identify the physical functions that
ffect QOL. 

ssociation between gait speed and lumbar spinal ROM and back-pain 

pecific QOL 

Assessment of physical performance plays an important role in plan-
ing and performing practical therapeutic exercise regimen for elderly
atients with kyphosis. In conjunction with our results, the evaluation
f the maximum gait speed and lumbar spinal ROM seems to be essen-
ial when exercises are considered as a treatment modality. Gait speed
s associated with activity of daily living, physical function [ 22,23 ] and
ealth-related QOL [24] , and its measurement has been used to predict
ife function for geriatric patients [25] . Gait speed is a comprehensive
erformance parameter that reflects muscle strength and balance abil-
ty. Therefore, gait speed is important for elderly patients with lumbar
yphosis. 

Spinal ROM can also be an important factor that affects daily life
3] . The current study showed that a decrease in lumbar spinal ROM
as associated with a decline in QOL. In addition, trunk extension ROM
as strongly correlated with back-pain specific QOL (rs = -0.571). ROM

n the extension direction can be particularly important since the pos-
ural balance is likely to be lost when standing or walking with reduced
xtension ROM. The decreased ROM of the lumbar spine is assumed to
orsen QOL by restricting the degree of freedom in various postures
nd activity of daily living. Therapeutic exercise is important in that it
an preserve lumbar ROM. Long fusion surgery including whole lumbar
pines with spinal instrumentation results in no motion in the lumbar
pine. 

trengths and limitations 

The current study had several strengths. First, this is the first survey
o investigate the association between back-pain specific QOL and var-
ous physical performances, rather than the degree of kyphosis. In this
tudy, we investigated the relationship (not correlation) between phys-
cal function and QOL as independent factors adjusted for confound-
ng factors. Second, gait speed was selected first as a factor that affects
ack-pain specific QOL in the multivariable analysis. Although it has
een previously reported that walking ability is decreased in patients
ith kyphosis [19] , the current study revealed a relationship between
aximum gait speed and QOL in kyphosis. Third, spinal mobility was
easured separately for the thoracic and lumbar spine. As a result, the
OM of the lumbar spine was found to have an impact on back-pain
pecific QOL. A previous study [3] pointed out that lumbar kyphosis,
ather than thoracic kyphosis, affected the QOL in Japanese patients
ith kyphosis. The present study further showed that the spinal ROM,

specially lumbar spinal ROM, was more important than spinal align-
ent. These findings suggest the focus be on the lumbar spinal ROM in

he therapeutic exercise program. 
Despite the strengths of our study, there were several limitations.

irst, selection bias was present. Although kyphotic deformity was tar-
eted, lumbar kyphosis was the main disorder in the actual subjects.
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[  
ccording to the ODI score, the subject’s QOL was moderately im-
aired. Therefore, this study examined the clinical significance regard-
ng lumbar kyphosis with moderately impaired QOL. Second, although
e found a correlation between back-pain specific QOL and physical
erformance in the patients with lumbar kyphosis, we could not con-
lude a causal relationship, as this was a cross-sectional study. Third,
he present study did not evaluate environmental or psychological fac-
ors which might have affected the QOL. The physical performance and
OL of patients with kyphosis are likely to be affected by a variety of

actors, such as mental states and activity. Fourth, we measured trunk
exion and extension ROM only in the standing position. No assess-
ents in other postures in motion were performed. The measurement
nder a moving condition such as walking should be investigated in
uture. A prospectively designed research is needed to further clarify
he actual relationship between physical performance and the disease-
pecific/ general QOL in patients with kyphosis. 

onclusion 

In conclusions, we evaluated the physical performance that influ-
nced the back-pain specific QOL in the elderly patients with kyphosis.
he subject of the current study had distinctive lumbar kyphosis. Maxi-
um gait speed and lumbar spinal ROM strongly affected the back-pain

pecific QOL. Maximum gait speed and lumbar spinal ROM should be
valuated thoroughly to better understand how physical performance
ffects QOL in elderly patients with lumbar kyphosis. 

eclaration of Competing Interest 

Authors declare that they have no conflict of interest. 

ata availability 

The datasets generated and/or analyzed during the current study are
vailable from the corresponding author on reasonable request. 

unding 

None 

cknowledgements 

All the participants in this study, the staff who assisted in writing
nd proofreading the paper, and the staff who supported this study. 

eferences 

[1] Kado DM , Huang MH , Karlamangla AS , Barrett-Connor E , Greendale GA . Hyper-
kyphotic posture predicts mortality in older community-dwelling men and women:
a prospective study. J Am Geriatr Soc 2004;52:1662–7 . 
6 
[2] Takahashi T , Ishida K , Hirose D , Nagano Y , Okumiya K , Nishinaga M , et al. Trunk
deformity is associated with a reduction in outdoor activities of daily living and life
satisfaction in community-dwelling older people. Osteoporos Int 2005;16:273–9 . 

[3] Miyakoshi N , Itoi E , Kobayashi M , Kodama H . Impact of postural deformities and
spinal mobility on quality of life in postmenopausal osteoporosis. Osteoporos Int
2003;14:1007–12 . 

[4] Robin GC , Span Y , Steinberg R , Makin M , Menczel J . Scoliosis in the elderly: A
follow-up study. Spine; 1982;7:355–9 . 

[5] Terran J , Schwab F , Shaffrey CI , Smith JS , Devos P , Ames CP , et al. The SRS-Schwab
adult spinal deformity classification: assessment and clinical correlations based on
a prospective operative and no operative cohort. Neurosurgery 2013;73(4):559–68 .

[6] Glassman SD , Bridwell K , Dimar JR , Horton W , Berven S , Schwab F . The impact of
positive sagittal balance in adult spinal deformity. Spine 2005;30(18):2024–9 . 

[7] Katzman WB , Wanek L , Shepherd JA , Sellmeyer DE . Age-related hyperkyphosis: its
causes, consequences, and management. J Orthop Sports Phys Ther 2010;40:352–60 .

[8] Diebo BG , Shah NV , Boachie-Adjei O , Zhu F , Rothenfluh DA , Paulino CB , et al. Adult
spinal deformity. Lancet 2019;394:160–72 . 

[9] Kado DM , Huang MH , Nguyen CB , Barrett-Connor E , Greendale GA . Hyperkyphotic
posture and risk of injurious falls in older persons: the Rancho Bernardo Study. J
Gerontol A Biol Sci Med Sci 2007;62:652–7 . 

10] Sinaki M , Brey RH , Hughes CA , Larson DR , Kaufman KR . Balance disorder and in-
creased risk of falls in osteoporosis and kyphosis: significance of kyphotic posture
and muscle strength. Osteoporos Int 2005;16:1004–10 . 

11] Schwab F , Ungar B , Blondel B , Buchowski J , Coe J , Deinlein D , et al. Scoliosis
Research Society-Schwab adult spinal deformity classification: a validation study.
Spine 2012;37(12):1077–82 . 

12] Fairbank JC , Pynsent PB . The Oswestry Disability Index. Spine
2000;25(22):2940–52 . 

13] Graham JE , Ostir GV , Fisher SR , Ottenbacher KJ . Assessing walking speed in clinical
research: a systematic review. J Eval Clin Pract 2008;14(4):552–62 . 

14] Post RB , Leferink VJ . Spinal mobility: sagittal range of motion measured
with the SpinalMouse, a new non-invasive device. Arch Orthop Trauma Surg
2004;124:187–92 . 

15] Mannion AF , Knecht K , Balaban G , Dvorak J , Grob D . A new skin-surface device for
measuring the curvature and global and segmental ranges of motion of the spine:
reliability of measurements and comparison with data reviewed from the literature.
Eur Spine J 2004;13(2):122–36 . 

16] Larson CA , Tezak WD , Malley MS , Thornton W . Assessment of postural muscle
strength in sitting: reliability of measures obtained with hand-held dynamometry
in individuals with spinal cord injury. J Neurol Phys Ther 2010;34(1):24–31 . 

17] Takenaka H , Sugiura H , Kamiya M , Nishihara K , Ito A , Suzuki J , et al. Predictors of
walking ability after surgery for lumbar spinal canal stenosis: a prospective study.
Spine J 2019;19:1824–31 . 

18] Moreland J , Finch E , Stratford P , Balsor C , Gill C . Interrater reliability of six tests of
trunk muscle function and endurance. J Orthop Sports Phys Ther 1997;26(4):200–8 .

19] Antonelli-Incalzi R , Pedone C , Cesari M , Lorio AD , Bandinelli S , Ferrucci L . Relation-
ship between the occiput-wall distance and physical performance in the elderly: a
cross sectional study. Aging Clin Exp Res 2007;19:207–12 . 

20] Nielsen PR , Jørgensen LD , Dahl B , Pedersen T , Tønnesen H . Prehabilitation and
early rehabilitation after spinal surgery: randomized clinical trial. Clin Rehabil
2010;24(2):137–48 . 

21] Lindbäck Y , Tropp H , Enthoven P , Allan Abbott A , Öberg B . PREPARE: presurgery
physiotherapy for patients with degenerative lumbar spine disorder: a randomized
controlled trial. Spine J 2018;18:1347–55 . 

22] Potter M , Evans A , Duncan G . Gait speed and activities of daily living function in
geriatric patients. Arch Phys Med Rehabil 1995;76:997–9 . 

23] Cress ME , Schechtman KB , Mulrow CD , Fiatarone MA , Gerety MB , Buchner DM . Re-
lationship between physical performance and self-perceived function. J Am Geriart
Soc 1995;43:93–101 . 

24] Hoeymans N , Feskens EJ , van den Bos GA , Kromhout D . Measuring functional status:
Crosssectional and longitudinal associations between performance and self-report
(Zutphen elderly study 1900-1993). J Clin Epidemiol 1996;49:1103–10 . 

25] Koyano W , Shibata H , Nakazato K , Haga H , Suyama Y . Measurement of competence:
reliability and validity of competence. Arch Gerontol Geriatr 1991;13:103–16 . 

http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0001
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0001
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0001
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0001
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0001
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0001
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0002
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0002
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0002
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0002
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0002
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0002
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0002
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0002
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0003
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0003
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0003
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0003
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0003
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0004
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0004
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0004
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0004
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0004
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0004
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0005
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0005
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0005
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0005
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0005
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0005
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0005
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0005
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0006
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0006
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0006
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0006
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0006
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0006
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0006
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0007
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0007
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0007
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0007
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0007
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0008
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0008
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0008
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0008
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0008
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0008
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0008
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0008
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0009
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0009
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0009
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0009
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0009
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0009
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0010
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0010
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0010
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0010
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0010
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0010
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0011
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0011
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0011
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0011
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0011
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0011
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0011
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0011
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0012
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0012
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0012
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0013
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0013
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0013
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0013
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0013
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0014
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0014
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0014
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0015
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0015
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0015
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0015
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0015
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0015
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0016
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0016
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0016
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0016
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0016
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0017
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0017
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0017
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0017
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0017
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0017
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0017
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0017
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0018
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0018
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0018
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0018
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0018
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0018
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0019
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0019
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0019
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0019
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0019
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0019
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0019
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0020
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0020
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0020
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0020
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0020
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0020
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0021
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0021
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0021
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0021
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0021
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0021
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0022
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0022
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0022
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0022
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0023
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0023
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0023
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0023
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0023
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0023
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0023
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0024
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0024
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0024
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0024
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0024
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0025
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0025
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0025
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0025
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0025
http://refhub.elsevier.com/S2666-5484(22)00003-8/sbref0025

	Maximum gait speed and lumbar spinal mobility can affect quality of life in elderly women with lumbar kyphosis
	Introduction
	Subjects and methods
	Study design
	Patient recruitment
	Data collection
	Assessments
	Gait speed
	Measurement of spinal alignment
	ROM measurements of the trunk, and thoracic and lumbar spine
	Measurement of back muscle strength

	Statistical analysis

	Results
	Correlations of ODI with measured values
	Factors affecting ODI

	Discussion
	Management of kyphosis
	Association between gait speed and lumbar spinal ROM and back-pain specific QOL
	Strengths and limitations

	Conclusion
	Declaration of Competing Interest
	Data availability
	Funding
	Acknowledgements
	References


