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Abstract
Background and aims—The occiput-wall distance (OWD), a measure of kyphosis, has been
associated with postural instability, osteoporosis, disability and depression. The association between
OWD and measures of physical performance was evaluated.

Methods—Data from the Invecchiare in Chianti (InCHIANTI) study on home-dwelling people
were used. People younger than 65 years and with overt disability at baseline assessment were
excluded. The sample population was divided into three groups according to the OWD distribution
(1st quartile: short OWD; 2nd and 3rd quartiles: medium OWD; 4th quartile: long OWD).
Performance scores were expressed as the percentage of the best performance in this population.

Results—783 persons (55% women) were studied. The mean age for men was 73.8 (SD 6.34) and
75.0 (SD 6.85) for women. In men, a longer OWD was associated with reduced balance and walking
speed, but not with impaired performance at the chair standing test. Overall, the association between
increased OWD and reduced physical function was weak. In women, OWD was associated with a
reduced walking speed, expressed as a percentage of the best performance (mean [SD]: 77% [12],
72% [14], 66% [15] in short, medium and long OWD groups, respectively), and impaired balance
(mean [SD]: 97% [11], 95% [13], 90% [21] for short, medium and long OWD groups, respectively).

Conclusions—Our findings suggest that OWD is an easily measurable marker of poor physical
function in women. Further research should verify whether OWD predicts incident disability.
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Introduction
Kyphosis is defined as a sagittal deviation in the spinal alignment, with a backward curve of
the thoracic spine exceeding 20-40 degrees (1). The occiput-wall distance (OWD) is a surrogate
measure of kyphosis. Although it cannot substitute highly accurate clinical measures of
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kyphosis such as Cobb's angle, OWD has been extensively used in epidemiological studies. It
has been associated with depressed mood, postural instability, muscle weakness and disability
in older women (2), and may account for a large percentage of the dyspnea and restrictive/
obstructive respiratory dysfunction that often remains unexplained in older persons (3). In the
Rancho-Bernardo study, OWD was found to be inversely related to several measures of
physical performance, but it was not clear whether osteoporosis mediated this relationship to
some extent (4). A qualitative measure of kyphosis was independently associated with
increased time to walk 5 meters and to climb a flight of stairs, and with self-reported difficulties
in performing heavy housework (5). Based on these findings, we hypothesized that OWD is
an easily measurable marker of reduced physical function in older persons, and this study was
performed to investigate its association with measures of physical performance (balance, gait
speed, chair standing) in a population of community-dwelling people aged 65 years or older.

Methods
Study population

We used data from the Invecchiare in Chianti (InCHIANTI) study, a population-based study
designed to investigate factors contributing to the decline in mobility in older persons (6). Study
participants were randomly selected from the population of two towns in the Chianti region:
Greve in Chianti and Bagno a Ripoli. Eligible subjects who agreed to participate were
interviewed at their homes by trained study researchers using a structured questionnaire
investigating the health status, physical and cognitive performance and other factors possibly
related to loss of independence in late life. Interviews were followed by physical examinations
at the study clinic. The InCHIANTI database includes 1453 persons who completed the home
interview. Of these, 282 were excluded because they were younger than 65 years, 92 because
they had overt disability (inability to perform without help one of the activities of daily living),
and 160 because of missing values for OWD or height. The final sample included 783 subjects,
of which 431 (55.0%) were women.

Occiput-wall distance measurement
OWD was measured during the clinical examination. A rigid measurement tape was used to
measure the distance between the prominence of the 7th cervical vertebra and the wall, while
the participant was standing with both heels and the sacrum against the wall, and with the lower
orbital margin and upper margin of the acoustic meatus on the horizontal plane.

Measures of performance
The results of three performance-based tests were used in the analysis: balance, gait speed, and
repeated chair stands (7). Balance was evaluated by asking participants to attempt to maintain
their feet in the side-by-side, semi-tandem (heel of one foot against the big toe of the other
foot), and tandem position for 10 seconds each. The ability to rise from a chair was evaluated
by asking the participants to fold their arms over their chest and to stand up from a sitting
position. If they were able to perform the task, they were asked to repeat the exercise five times,
as quickly as possible. Walking speed was evaluated over a 4-meter distance, using the better
of two trials. For each test, performance was expressed as the percentage of the best
performance recorded in this sample. Best performance was defined as the 1st percentile of
the distribution. In this way, the score for the balance test was calculated as performance/30,
for the chair standing test as performance/6.6 sec, and for walking speed as performance/1.62
m*sec-1, yielding a score ranging from 0 (worst performance) to 1 (best performance) (8). A
summary performance score was obtained by adding the three individual score and dividing
by three.
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Analytic approach
As the biomechanical effects of OWD are expected to change as a function of height, and OWD
is expected to increase with increasing distance between the upper limit of the kyphotic curve
and the occiput, we decided to express OWD as a percentage of height. On the basis of
preliminary analyses, we considered outliers, and therefore excluded people with an OWD
greater than 10 (99th centile of distribution; n=11). Also, a different effect of OWD was
expected in men and women, and therefore all analyses were stratified by gender. Gender-
specific percentiles were used to split OWD into three groups: <25th (short OWD group),
between 25th and the 74th (medium OWD group), and equal to or above the 75th percentile
(long OWD group). The cut-offs used were 2.39% and 3.55% of height in men, and 2.58% and
3.90% of height in women.

The physical performance scores was also dichotomized using the gender-specific median
value for each test. The cut-offs used for men were 1 for performance in the test of balance,
0.67 for chair standing, 0.71 for walking speed, and 0.80 for the summary score. The
corresponding cut-off values in women were 1, 0.58, 0.64, and 0.72.

Differences between OWD classes were described with respect to demographic and clinical
characteristics, including medical conditions and depression. Disease diagnoses were based on
a standard algorithm which considered information on medical history, physical examination,
medical records, medications, and diagnostic tests performed during the evaluation. Bone
density was evaluated by peripheral quantitative computed tomography of the tibia (XCT 2000,
Stratec Medizintechnik, Pforzheim, Germany), implemented with software (BonAlyse,
BonAlyse Oy, Jyvaskyla, Finland) which automatically identifies bone tissue (cortical and
trabecular), to derive total, cortical and trabecular volumetric bone mass density. Osteoporosis
was diagnosed when any of the following scores was below the normal range: trabecular bone
density at 4% of tibial length, cortical bone density at 38% of tibial length, and bone area at
38% of tibial length. Calculations were performed separately for men and women. Depressive
symptoms were evaluated by the Center for Epidemiologic Studies Depression Scale (CES-
D) (9), with a cut-off of 16 to identify participants with depression (10).

Since kyphosis may be caused by osteoporosis, groups were compared with respect to bone
density measured by a computerized tomography at the 38% of the tibia (11).

Statistical analysis
Contingency tables were used to analyze the relationship between OWD classes and variables
of interest. Analysis of variance was applied to evaluate differences in performance scores
across OWD classes. As our aim was to verify whether OWD could be used as a simple
screening tool for reduced physical function, we did not expect the association to be
independent of other variables, and therefore we based our analyses on crude associations.
However, to better understand the mechanism linking increased OWD with our outcomes,
analysis of co-variance was applied to verify an association taking into account potential
confounders. All analyses were performed with SAS V8.0 for Windows (SAS Institute, Cary,
NC).

Results
783 persons were studied, of whom 431 (55.0%) were women. The mean age for men was 73.8
(SD 6.34), and 75.0 (SD 6.85) for women.
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Men
Table 1 (upper panel) shows the differences in clinical characteristics across OWD groups in
men. Age was strongly correlated with OWD, and more than 50% of those with long OWD
were aged 75 years or more, compared with 19.5% of those with short OWD. Increased OWD
was associated with ischemic heart disease, cerebro-vascular disease, and heart failure.

The upper panel of Figure 1 shows that there was no difference in bone density in the three
groups.

Table 2 (upper panel) shows mean performances in the three groups. Worse performances in
balance, walking speed and overall performance were observed with increasing OWD, with
no differences for the chair standing test. After correction for age and diagnosis of heart failure,
ischemic heart disease and cerebro-vascular disease, only the association with reduced walking
speed was confirmed (Table 3).

Women
Also in women, age was strongly associated with longer OWD. A linear association was also
present with heart failure, whereas a non-linear association was evident for Parkinson's disease,
ischemic heart disease, cerebro-vascular disease, and chronic obstructive pulmonary disease.
The prevalence of knee arthritis decreased from 41.1% in women with short OWD to 29.2%
in women with long OWD.

Figure 1 (lower panel) shows that bone density was lower in women with longer OWD. The
analysis of variance confirmed this, with a statistically significant difference between the group
with longer OWD compared with both groups with longer and medium OWD; there was no
difference between the groups with short and medium OWD.

All performance measures showed a decline with increasing OWD, most evident for balance
(mean score: 0,96 in short OWD group vs 0.77 in long OWD group, p<0.001) and walking
speed (mean score: 0.70 in short OWD group vs 0.54 in long OWD group, p<0.001). Overall,
the mean performance score decreased from 0.75 in short OWD group to 0.61 in long OWD
group (p<0.001).

Corrections for age, heart failure, ischemic heart disease, depression, and bone density did not
change the overall pattern, but variance in chair standing performance was not associated with
OWD (Table 3).

Discussion
Using data from a large population-based sample of men and women, OWD was found to be
associated with poor performance in tests of balance and gait. This association was stronger
for women and was confirmed after correction for age and BMD. Thus, OWD is unlikely to
qualify as a pure marker of osteoporosis.

Thoracic kyphosis, assessed using Cobb's angle, has been proved to be associated with poor
physical fitness, osteoporosis, and the risk of falls (12,13). However, measuring Cobb's angle
requires radiologic equipment and therefore this measure is not easily performed. OWD cannot
substitute for Cobb's angle because it does not directly measure the curvature of the spine at a
given point, but quantifies the effect of altered curvature. Thus, OWD is unlikely to reflect
kyphotic posture as accurately as Cobb's angle. Nevertheless, the well-recognized association
with several measures of physical limitation confirmed here, makes OWD a valuable tool for
epidemiological research.
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The lower prevalence of functional impairment in men compared with women has been
reported in other studies and has some biological plausibility (14). Greater muscle mass,
testosterone and GH levels and the lesser propensity to dysregulation of the hypothalamic-
adrenal axis and cortisol secretion may protect males from physical decline (15-19). A
distinctive age-related change in the immune system probably makes men more vulnerable to
infections and less prone to chronic conditions which are ultimately responsible for muscle
loss (20,21). Lastly, earlier mortality may eliminate men at greater risk of developing functional
impairment (22).

In both men and women, walking speed and balance were found to be more severely
compromised with higher OWD values. This relationship is probably explained by the
biomechanical effects of changes in OWD: in particular, the kyphotic posture of the upper
dorsal and cervical spine results in anterior displacement of the center of gravity, and is
followed by compensatory widening of the base of support and lumbar hyperlordosis (23,24).
This adaptive strategy leads to the balance impairment shown in our study, and probably
involves a consequent increase in the risk of falls. Changes in postural control may also account
for reduced walking speed, since the cautious “small steps” gait characterized by reduced step
length is an obvious response to postural instability (1). As both balance impairment and
reduced walking speed are recognized risk factors for falls and hip fractures (25,26), systematic
measures of OWD may help to identify subjects at risk of falls, although this hypothesis needs
to be evaluated prospectively.

The limitations of this study deserve consideration. First, because of its cross-sectional design,
associations between different variables could be tested, but no cause-effect relationship could
be verified. Prospective studies are needed to clarify whether OWD is causally related to some
of the identified correlates. Second, we were unable to explain fully the causal pathway relating
kyphosis with impaired performance in women but not in men. However, our finding strongly
supports the hypothesis that OWD is a good screening tool for early detection of physical
impairment and perhaps frailty in non-disabled older people. Third, our study population was
on average in good health. It is probable that some of the observed relationships would be
stronger even in males belonging to a less healthy population.

Conclusions
Our findings indicate that OWD is a potential marker of overall reduced physical function in
women but not in men. To better define the rationale for its use in the clinical setting, further
research should verify whether OWD increases in parallel with the development of frailty or
whether it can predict incident frailty.
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Fig. 1. Distribution of bone mass density across OWD groups
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Table 1
Clinical characteristics according to occiput-wall distance (OWD) in men and women

MEN (n=352)

OWD*

Short
(n=87)

%

Medium
(n=175)

%

Long
(n=90)

%

Age ≥75 years 19.5 36.6 54.4

Parkinson's Disease 1.2 2.9 2.2

Ischemic heart disease 5.7 12.6 21.1

Cerebrovascular disease 3.4 5.7 11.1

Heart failure 19.5 20.0 36.7

Diabetes mellitus 11.5 16.6 12.2

Chronic obstructive pulmonary disease 19.5 16.6 17.8

Hip fracture 1.1 2.3 1.1

Hip arthritis 6.9 6.3 11.1

Knee arthritis 16.1 13.7 24.4

Depressed mood 19.5 13.8 16.8

Osteoporosis 52.9 57.8 65.1

WOMEN (n=431)

OWD**

Short
(n=107)

%

Medium
(n=217)

%

Long
(n=107)

%

Age ≥75 years 22.4 44.7 64.5

Parkinson's Disease 0 2.30 1.87

Ischemic heart disease 3.7 13.8 9.3

Cerebrovascular disease 5.6 2.8 7.5

Heart failure 12.1 24.4 31.8

Diabetes mellitus 6.5 11.1 13.1

Chronic obstructive pulmonary disease 8.4 3.2 5.6

Hip fracture 4.7 1.8 2.8

Hip arthritis 23.4 16.1 21.5

Knee arthritis 41.1 34.1 39.2

Depressed mood 25.2 40.2 50.5

Osteoporosis 62.5 61.6 71.3

*
Short: OWD<2.39% of body height; Medium: OWD≥2.39% and <3.55% of body height; Long: OWD≥3.55% of body height.

**
Short: OWD<2.58% of body height; Medium: OWD≥2.58% and <3.90% of body height; Long: OWD≥3.90% of body height.
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Table 2
Relationship between occiput-wall distance (OWD) groups and physical performance in men and women

MEN (n=352)

OWD*

Short (n=87)
Mean (SD)

Medium (n=175)
Mean (SD)

Long (n=90)
Mean (SD)

p

Balance 0.97 (0.11) 0.95 (0.13) 0.90 (0.21) 0.009

Chair standing test 0.67 (0.15) 0.66 (0.16) 0.66 (0.20) 0.790

Walking speed 0.77 (0.12) 0.72 (0.14) 0.66 (0.15) <0.001

Overall performance 0.81 (0.08) 0.78 (0.11) 0.74 (0.16) <0.001

WOMEN (n=431)

OWD

Short (n=107)
Mean (SD)

Medium (n=217)
Mean (SD)

Long (n=107)
Mean (SD)

p

Balance 0.96 (0.13) 0.90 (0.18) 0.77 (0.28) <0.001

Chair standing test 0.60 (0.17) 0.58 (0.19) 0.51 (0.21) 0.001

Walking speed 0.70 (0.12) 0.61 (0.13) 0.54 (0.18) <0.001

Overall performance 0.75 (0.11) 0.69 (0.14) 0.61 (0.19) <0.001

*
Short: OWD<2.39% of body height; Medium: OWD≥2.39% and <3.55% of body height; Long: OWD≥3.55% of body height.
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Table 3
Analysis of covariance corrected for age, diagnosis of heart failure, ischemic heart disease, and cerebrovascular
disease (men), and for age, diagnosis of heart failure, ischemic heart disease, depression, and bone density
(women)

MEN

F (df: 2) p

Balance 0.8 0.449

Chair standing 1.74 0.176

Walking speed 6.00 0.003

Overall performance 0.95 0.387

WOMEN

F (df: 2) p

Balance 6.40 0.002

Chair standing 2.31 0.100

Walking speed 7.19 <0.001

Overall performance 4.52 0.011
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