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Does the coronal and sagittal posture affect the risk of falling in older
adults with pain?

Postural alignment and falls in older adults
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Abstract

Aim: Fall risk in older adults is linked to poor posture and pain, often focusing on sagittal alignment. This study examines the combined impact of coronal and
sagittal posture on fall risk in individuals with mechanical chronic neck, low back, and knee pain.

Materials and Methods: This prospective cross-sectional study included 146 adults aged =65 with pain, selected from 479 screened. Participants were
categorized as fallers or non-fallers. Data collected included posture (sagittal, coronal, total) assessed using the New York Posture Rating Scale (NYPRS), pain
duration, demographics, comorbidities, number of medications, Timed Up and Go test, Berg Balance Scale (BBS), Four-Step Square Test, and number of falls.
Results: Of the 146 participants, 58% had a history of falls, and 71% were females. Neck pain was reported by 28% of participants, knee pain by 39%, and
low back pain by 33%. Multivariate logistic regression analysis showed that BBS and total posture score were independently associated with falls (odds ratio
0.8 and 0.9, respectively). This indicated that for every one-unit increase in the BBS and total posture score, the odds of a fall decreased by about 20% and
10%, respectively.

Discussion: The study results indicated that assessing the total posture, not just the sagittal posture, is crucial when evaluating the risk of falls in older adults.
Furthermore, the BBS proved particularly valuable in assessing the risk of falls among older adults experiencing chronic mechanical neck, low back, and knee
pain.
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Introduction

As people age, the risk of falling increases. Several significant
factors contribute to this risk, including loss of balance, gender,
comorbidity, older age, cognitive impairment, polypharmacy,
and pain [1,2].

In addition to the various factors influencing falls in older
adults, research on postural changes highlights balance deficits
and fall risks in older adults. Most of these studies have
focused on regional posture changes. It was reported that the
forward head shift commonly observed in kyphosis in older
adults significantly impacts the body’s center of gravity and
contributes to postural instability. It has also been reported that
hyperkyphosis increases the risk of falling, especially in older
ages, and that there is a gender difference in the relationship
between falls and kyphosis [3-5]. Trunk inclination angle,
sagittal vertical axis, lumbar lordosis, and hip extension mobility
were found to be associated with the risk of falling [6,7]. To our
knowledge, there is currently no study examining how changes
in total posture (TP), both coronal posture (CP) and sagittal
posture (SP), affect falls in older adults who experience chronic
mechanical pain in the neck, lower back, and knees.

Recent studies suggest that people experiencing chronic pain
tend to have weaker balance compared to those without pain.
Individuals dealing with both neck and foot pain exhibit even
weaker balance than those without pain in those areas. However,
when comparing the balance of individuals with back and neck
pain, no significant difference was found. It is suggested that
pain, along with muscle weakness and limited joint range of
motion, impairs dynamic postural stability, increasing the risk
of falling [8]. The addition of chronic neck pain to the balance
weakening associated with aging further exacerbates balance
issues [9]. Additionally, studies report that changes in walking
patterns in older adults with knee pain increase their risk of
falling [10]. It has also been reported that the risk of falling
increases in cases where chronic low back pain is accompanied
by hip osteoarthritis [11]. Based on our literature review, there
is a lack of studies comparing the risk of falls among older
adults with pain in different regions, such as the low back, neck,
or knee.

Therefore, this study aims to investigate the relationship
between fall and pain region, age, gender, education, occupation,
marital status, comorbidity, balance, polypharmacy, CP, and SP
in older adults.

Materials and Methods

Participants

The research was conducted on patients who presented to the
Physical Medicine and Rehabilitation outpatient clinic between
November 2023 and April 2024. The inclusion criteria were
defined as: (a) = 65 years old, (b) cognitively intact, (c) able
to ambulate independently, (d) independent in activities of
daily living, and (f) chronic pain in the neck, back, and knees
lasting more than three months. The exclusion criteria were:
(a) having visual and hearing problems; (b) medication use with
adverse effects on balance; (c) having any serious neurological,
cardiopulmonary, or orthopedic disorders; (d) having
musculoskeletal surgery; (e) orthostatic hypotension; (f) history
of syncope; and (g) temporary loss of consciousness after a fall

and injury. 479 older adults were assessed for eligibility. 28%
of older individuals did not volunteer to participate in the study,
and others had some problems related to exclusion criteria. One
hundred forty-six older adults participated in this study.
Measures

Participants were asked about their birth year, gender,
occupation, marital status, medications, Charlson Comorbidity
Index (CCl), and duration of neck, back, and knee pain [12]. Fall
history was assessed by asking if they had fallen in the past
year and how many times. Those with more than two falls were
defined as the “faller group”; others were the “non-faller group”.
All participants completed the Timed Up and Go (TUG), Berg
Balance Scale (BBS), Four-Step Square Test (FSST), and New
York Posture Rating Scale (NYPRS).

In the TUG, participants rose from a chair, walked 3 meters,
returned, and sat down. It was done twice with a 10-minute
rest; the better time was recorded [13].

The Turkish BBS consists of 14 items scored 0-4. Scores of
0-20 indicate poor balance, 21-40 moderate, and 41-56 good
balance [14].

In the FSST, participants stepped into four numbered squares in
a set sequence. It was repeated twice, and the best score was
noted [15].

Posture was assessed using the NYPRS 13 body parts from
lateral and posterior views as 5 (normal), 3 (slight deviation),
or 1 (pronounced deviation), reported as CP, SP, TP scores
[1e].

Data Analysis

Using G*Power 3.1.9, a minimum of 42 participants per group
was calculated (effect size = 0.8, a = 0.05, power = 95%) and
increased to 60 per group to account for potential data loss.
Normality was assessed using the Kolmogorov-Smirnov and
Shapiro-Wilk tests. Due to non-normal distribution, the Mann-
Whitney U test was used for continuous variables and the chi-
square test for categorical variables to compare fallers and
non-fallers.

Univariate binary logistic regression was performed to examine
the association between fall status (1 = faller, 2 = non-faller)
and various predictors, including non-correlated continuous
variables (age, CCl, TUG, FSST, BBS, CP, SP, TP, pain duration,
medication number) and categorical variables (pain region,
gender, education, occupation, marital status). Odds ratios (OR)
with 95% confidence intervals (Cl) and p-values were calculated.
Multicollinearity was assessed using the variance inflation
factor (VIF), and values close to 1 indicated no significant
multicollinearity. A final multivariate model was adjusted for
age, gender, marital status, CCl, TUG, FSST, BBS, CP, SP, and
TP. The analysis included 146 participants (85 fallers [58.22%)],
61 non-fallers [41.78%)]). A p-value < 0.05 was considered
statistically significant. All analyses were conducted using SAS
v9.4 (SAS Institute, Cary, NC).

Ethical Approval

This study was approved by the Clinical Research Ethics
Committee of Antalya Training and Research Hospital (Date:
2023-12-10, No:14/7).

Results
The faller group was predominantly female (64%), while
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Odds
Effect Ratio LCL UCL [
Pain Region Cervical Pain vs Knee Pain —_—r 096 028 3.31 09528
Pain Region Cervical Pain vs Low Back Pain _— 152 044 521 05073
Pain Region Knee Pain vs Low Back Pain — 158 045 549 04755

Gender Female vs Male o946 189 47.33 00063
Education High School vs Primary School —_— 042 008 208 02868
Education High School vs University _— 052 011 254 04171
Education Primary School vs University —_— ] 124 037 415 07284
Occupation Housewife vs Retired S S — 017 004 084 00298

Occupation Housewife vs Self Employed

007 001 057 00137

Occupation Retired vs Self Employed —q— 1 038 006 229 02887
Marital Status Married vs Single —_— 056 015 206 03831
Age, years o 107 092 125 03994
Comorbidity Index —o— 189 107 333 00281
Timed up and go test, sec S 096 087 106 04075
Four step square test, sec a 092 081 1.05 02047
Berg, Score o 081 073 090 00001
Coronal Posture, Score R 095 084 1.07 0.3803
Sagittal Posture, Score o 102 093 1.13 06177
Pain Duration, months o 100 099 101 08571
Medications, Number 07 081 060 1.09 0.1686
0,;)1 O,’I “I 1'(!

Figure 1. Forest plot for the Odds Ratios with 95% Confidence
Intervals (LCL and UCL) and p- p-values of explanatory variables
in univariate analysis

the non-faller group was mostly male (56%) (p < 0.05). The
proportion of older adults living alone in the group of fallers
(74%) was higher compared to the non-faller group (26%) (p
< 0.05). There was no difference between the groups in terms
of TUG, FSST, medication number, pain region, education level,
and occupation (p > 0.05). In the faller group, participants
were older, had higher CCl scores, lower CP scores, lower SP
scores, lower TP scores, lower BBS scores, and longer pain
duration compared to the non-faller group (p < 0.05) (Table
1). The univariate logistic regression analysis was carried out
to determine whether the association between the response
and each term in the model is statistically significant (Table 2,
Figure 1). The pain region, education, occupation, pain duration,
and medication number were not significantly related to fall
incidents. In the logistic analysis, the CCl was associated with
falls (OR 1.9; 95% Cl 1.3-2.8). This indicates that for every one
unit increase in the CCl, the probability of a fall almost doubles.
The BBS had a trend toward a significant association with falls
(OR 0.8; 95% Cl 0.8-0.9). For every one unit increase in the BBS,

Table 1. Demographics and outcome measures of the fallers and non-fallers

\ELEL][ES

Fallers (n = 85)

Non-Fallers (n = 61)

Mean + SD
Age, years
Median (Range)
Male
Gender, n (%)
Female

Primary School
Education, n (%)
High School

Self Employed
Occupation, n (%) Retired
Housewife
Single
Marital status, n (%)

Married

Neck Pain
Pain region, n (%) Knee Pain
Low Back pain
Mean + SD
Pain duration, Month

Median (Range)

Mean + SD
CCl, score

Median (Range)

Mean + SD

Medication Number
Median (Range)

Mean + SD
TUG, s
Median (Range)
Mean + SD
Balance tests FSST, s
Median (Range)
Mean + SD
BBS, score
Median (Range)
Mean + SD
Coronal
Median (Range)
Mean + SD
Posture, score Sagittal
Median (Range)
Mean + SD
Total

Median (Range)

Mean + SD
Fall Number
Median (Range)

70.9 + 6.03 67.0 (2.87)
<.00011
69.0 (65.0, 89.0) 66.0 (65.0, 78.0)
19 (44.2%) 24 (55.8%)
0.02632
66 (64.1%) 37 (35.9%)
56 (63.6%) 32 (36.4%)
025362
14 (51.9%) 13 (48.1%)
9 (56.3%) 7 (43.8%)
30 (55.6%) 24 (44.4%) 0.83972
46 (60.5%) 30 (39.5%)
26 (74.3%) 9 (25.7%)
0.02712
59 (53.2%) 52 (46.8%)
25 (61.0%) 16 (39.0%)
35 (61.4%) 22 (38.6%) 0.57452
25 (52.1%) 23 (47.9%)
54.9 + 55.86 45.4 (59.58)
0.02671
36.0 (6.0, 180.0) 12.0 (6.0, 160.0)
37+128 2.8(1.10)
<.00011
4.0(1.0,7.0) 2.0 (2.0, 6.0)
20+1.89 1.9 (2.06)
032361
2.0(0.0,11.0) 1.0 (0.0, 7.0)
17.7 + 816 15.1 (4.64)
0.08431
15.3 (9.1, 53.1) 14.5 (8.1, 38.8)
159 + 6.49 13.8 (3.28)
0.08831
13.8(9.1,42.2) 12.8 (8.5, 26.5)
37.0+9.32 47.8 (5.70)
<.00011
38.0 (100, 56.0) 49.0 (32.0, 56.0)
19.5 + 6.00 23.6 (4.45)
<.00011
20.0 (6.0, 30.0) 24.0 (14.0, 30.0)
21.4 + 584 24.3 (5.35)
0.00261
21.0(7.0,35.0) 23.0(7.0,35.0)
40.9 + 10.48 480 (8.18)
<.00011
41.0(17.0, 65.0) 49.0 (25.0, 61.0)
23+1.41 0.0 (0.00)
<.00011
2.0(1.0,80) 0.0 (0.0, 0.0)

Abbreviation: CCI-Charlson Comorbidity Index, TUG-Timed Up and Go, FSST-Four Step Square Test, BBS-Berg Balance Scale
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Table 2. Results of univariate and multivariate logistic regression analysis

Univariate unadjusted

Variables

95%CI p-value
Age 1.2 1.1-1.4 <0.001
Gender
Male 1.0
Female 23 1.1-4.7 0.029
Education
University 1.0
High School 1.1 0.4-33 0.795
Primary School 1.9 0.8-4.3 0.143
Occupation
Self Employed 1.0
Housewife 1.2 0.4-3.6 0.754
Retired 1.0 0.3-3.1 0.961
Marital status
Single 1.0
Married 0.4 0.2-09 0.031
Pain region
Cervical Pain 1.0
Knee Pain 1.0 0.4-2.4 0.966
Low Back Pain 0.7 0.3-1.6 0.405
Pain Duration 1.0 1.0-1.0 0.351
cal 1.9 1.3-2.8 0.001
Medication Number 1.0 0.9-1.2 0.706
Balance
TUG 1.1 1.0-11 0.036
FSST 1.1 1.0-1.2 0.016
BBS 0.8 0.8-0.9 <0.001
Posture
cP 0.9 0.8-0.9 <0.001
SP 0.9 0.9-1.0 0.005
TP 0.9 0.9-1.0 <0.001

Cl = Confidence Interval; OR = Odds Ratio;

Multivariate adjusted*

global p-value 95%(CI p-value global p-value
<0.001 1.1 09-1.3 0.246 0.246
0.029 23 0.8-6.5 0.131 0.131
0.264 N/A N/A N/A N/A
N/A N/A N/A N/A
0.843 N/A N/A N/A N/A
N/A N/A N/A N/A
0.031 0.5 02-16 0.235 0235
0.582 N/A N/A N/A N/A
N/A N/A N/A N/A
0.351 N/A N/A N/A N/A
0.001 1.Nis 09-2.2 0.129 0.129
0.706 N/A N/A N/A N/A
0.036 1.0 09-1.0 0325 0325
0.016 09 0.8-1.0 0201 0201
<0.001 0.8 0.8-0.9 <0.001 <0.001
0.036 0.9 0.8-1.0 0.210 0.210
0.016 1.0 1.0-1.1 0.434 0.434
<0.001 0.9 0.8-1.1 <0.001 <0.001

*Adjusted for age, gender, CCI-Charlson Comorbidity Index, TUG-Timed Up and Go, FSST-Four Step Square Test, BBS-Berg Balance Scale, CP-Coronal Posture, SP-Sagittal Posture, TP-Total

Posture, and Marital Status

the odds of a fall decrease by about 20%. The odds of a fall are
2.3 times higher for females than males (OR 2.3; 95% CI 1.1-
4.7). The data indicate that married older adults have a 60%
lower likelihood of experiencing a fall compared to those who
are single (OR 0.4; 95% Cl 0.2- 0.9). The probability of falling
does not significantly change with the SP score (OR 0.9; 95%
Cl 0.9-1.0), age (OR 1.2; 95% Cl 1.1-1.4), TUG (OR 1.1; 95% CI
1.0-1.1), CP score (OR 0.9; 95% Cl 0.8-0.9), and FSST (OR 1.7;
95% CI 1.0-1.2).

Additional adjustments are made to control for variables such
as age, gender, marital status, CCl, TUG, FSST, BBS, CP, SP, and
TP to strengthen the association. However, in this multivariate
analysis, including all characteristics with p < .20 in the
univariate analysis, only the BBS and TP are independently
associated with falls (OR 0.8; 95% Cl 0.8-0.9 and OR 0.9; 95%
Cl: 0.8- 1.1, respectively). This indicates that for every one unit
increase in the BBS and TP, the odds of a fall decrease by about
20% and 10%, respectively.

Discussion
In this study, faller group has a higher age and CCl, lower

CP, SP, TP, BBS score, and longer pain duration. There is no
difference between the groups in terms of TUG, FSST, number
of medications, pain region, educational level, and occupation.
Multivariate regression analysis indicates that only BBS and TP
are independently associated with falls. This means that with
a one-unit increase in the BBS and TP scores, the estimated
probability of a fall decreases by approximately 20% and 10%,
respectively.

In older adults, postural changes affecting the sagittal
vertical axis, such as forward displacement, kyphosis, loss of
lumbar lordosis, and limited hip extension, have been linked
to increased fall risk [3, 6, 7] Some studies suggest that only
hyperkyphosis, rather than kyphosis alone, is associated with
falls. Although a definitive threshold is lacking, hyperkyphosis
is often defined as a Cobb angle =50° in the standing position
[5]. One study reported that severe kyphotic posture increases
fall risk in men, while no such association was found for mild
kyphosis or in women [4]. In addition to hyperkyphosis, loss of
lumbar lordosis and changes in the ankle and foot alignment
may also impair balance and increase fall risk in older adults
[17]. When assessing posture-related fall risk, it is important to
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consider not only SP but also CP and TP. However, studies on
CP and TP changes remain limited. In our study, although CP,
SP, and TP scores were lower in the faller group, only the TP
score was independently associated with falls. Multicollinearity
analysis revealed strong correlations between TP, CP, and SP
scores, as indicated by high VIF values. Therefore, TP score may
offer a more accurate assessment of fall risk than evaluating
SP or CP scores separately.

Hirase et al. reported a strong link between chronic pain and
increased body sway during static posture, which impairs
dynamic stability and elevates fall risk [8]. Gale et al. found
that severe pain increases fall risk in men but not in women
[18]. While no significant differences in balance weakness have
been identified across pain regions, it is suggested to be most
common in those with low back pain, followed by neck, hip,
knee, and foot pain [9]. However, to our knowledge, no studies
have directly compared fall risk across different pain regions.
One study reported increased fall risk in individuals with neck
pain, regardless of age. Additionally, older adults with bilateral
stage 4 medial knee osteoarthritis (per Kellgren and Lawrence
criteria) show impaired balance and higher fall risk [10]. Chronic
low back pain combined with hip osteoarthritis has also been
associated with falls in older adults [11]. In our study, no
significant differences were observed between fallers and non-
fallers in terms of pain region or duration, and no association
was found between pain characteristics and falls.

Comorbidity is recognized as a modifiable risk factor for falls
in individuals over 60 years of age [2,19]. Diabetes and fear of
falling are particularly strong predictors of fall risk in older adults
with knee osteoarthritis [10]. One study found that comorbidity
and balance weakness predict fall risk in men, but not in women
[18]. Additionally, both the type and number of comorbidities
significantly influence fall risk [1]. Conditions such as arthritis,
renal disease, cerebrovascular events, depression, incontinence,
and respiratory diseases have been identified as independent
risk factors. In our study, although comorbidity scores were
higher in fallers, no significant association was found between
comorbidity and falls, possibly due to differences in the types of
comorbidities across groups.

Various tests are used to assess balance in older adults. While
the One-Leg Stance test and BBS can distinguish between
fallers and non-fallers, the TUG and Functional Reach tests
cannot [20]. The FSST has shown the ability to differentiate
between non-fallers and multiple fallers, particularly in older
adults who use assistive devices [21]. However, opinions differ
regarding the TUG test; some argue that relying on it alone may
be misleading, and the commonly used 12.5-second cut-off has
limited predictive value. Thus, the TUG test is recommended
primarily for those at high risk of falling [13,22]. In our study,
the BBS was independently associated with falls, with each unit
increase reducing fall probability by approximately 20%.

The researchers indicate that the risk of falling increases as
people age, with advanced age being the primary factor linked
to a higher risk of falling for both males and females [17,18,23].
It has been reported that 25% of older adults aged 70 years
experience falls, and this rate increases to 35% for those aged
75 years and older [24]. In our study, although the faller group

is older than the non-faller group, we did not find a relationship
between age and falling. This can be due to the smaller number
of older adults in the group of fallers. Specifically, 46% of the
faller group falls within the 65-69 age range, 29% are aged 70-
79, and 7% are 80 or older.

Polypharmacy is commonly defined as the concurrent use of five
or more medications [25]. One study classified 5-6 medications
per day as polypharmacy and =10 as hyperpolypharmacy. A
higher medication load has been associated with increased fall
risk [2]. In this study, participants who are using medications
that could increase the risk of falling are excluded. It is believed
that the absence of a correlation between taking multiple
medications and falling may be attributed to the fact that 16%
of the non-falling group and only 7% of the falling group use
five or more medications.

Although we do not find any relation between marital status
and fall in this study, marital status appears to influence fall
risk, with married older adults reportedly experiencing a lower
risk [18].

Limitations

Although all participants were independent in daily activities and
ambulation, this study has several limitations. First, although
chronic pain was among the inclusion criteria, pain intensity
was not measured using standardized tools such as the Visual
Analog Scale (VAS) or Numeric Rating Scale (NRS). This lack
of standardized assessment limits the ability to compare pain
severity across different anatomical regions and may affect
the interpretation of its relationship with posture and fall risk.
Additionally, physical activity levels, which are known to be
associated with chronic pain, were not evaluated. The study
also lacks a longitudinal design, preventing causal inferences
regarding posture and falls. Muscle strength and joint range
of motion were assessed clinically without the use of objective
measurements such as flexibility tests or dynamometry.
Furthermore, although the overall sample size was acceptable
and justified by a power analysis, the relatively small number
of participants in certain subgroups, particularly those aged 80
years and older, may further limit the generalizability of the
finding.

Conclusion

In conclusion, the study found that both balance and TP are
linked to the risk of falls in older adults experiencing neck, low
back, and knee pain. It suggests that for every one-point increase
in the BBS and TP scores, the likelihood of experiencing a fall
decreases by around 20% and 10%, respectively. The research
highlights the need to take into account both TP and areas of
pain when studying fall risk in older adults. It also recommends
using the BBS for this group. The study underscores the
importance of integrating these factors into personalized fall
prevention strategies for older adults.
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