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Anterior knee pain as a potential risk factor D
for falls in older adults: insights from the
osteoarthritis initiative data
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Abstract

Background Knee joint pain has been demonstrated to be a separate risk factor for falling. A common pain site
in the knee, anterior knee pain(AKP), is believed to be associated with early knee osteoarthritis (KOA).This study
investigated the relationship between falls and AKP in people with or at risk for KOA.

Methods Four years of follow-up data from the Osteoarthritis Initiative cohort trial, a large-scale, multicenter
observational investigation, were analyzed in this study. A patellar quadriceps tenderness/tendinitis knee exam was
performed to evaluate AKP. Falls were self-reported. The associations between falls (recurrent falls: >2 falls/year; any
falls: =1 fall(s)/year) and AKP were analyzed using the generalized estimation equation of repeated logistic regression
and adjusted for confounding variables.

Results The study analyzed data from 3,318 participants, split into two groups: those with AKP (720 participants)
and those without AKP (2,598 participants). The primary outcome of the study, which focused on repeated falls,
revealed that participants with AKP were 1.27 times more likely to experience repeated falls compared to those
without AKP (95% Cl: 1.07-1.52, P=0.007). However, when considering any falls experienced by an individual as an
additional outcome, it is important to note that our findings did not indicate a significant predictive effect of AKP on
any falls investigated. Sensitivity analyses, which excluded knee arthroplasty cases, yielded consistent results with the
aforementioned findings.

Conclusions Older adults with AKP experience a higher frequency of falls compared to those without AKP in
individuals diagnosed with KOA or at a high risk of developing KOA.
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Introduction

Falls and associated injuries are prevalent among middle-
aged and older adults. Falls not only cause immediate
harm but also have long-term consequences. Approxi-
mately one in five falls results in serious injuries, such
as fractures or head injuries [1]. Each year, more than
800,000 patients are hospitalized due to fall-related inju-
ries, with head injuries and hip fractures being the most
frequent [2]. Falls can lead to functional decline, an
increased need for long-term care, and heightened mor-
tality among middle-aged and older adults [3, 4]. Data
from the 2014 Behavioral Risk Factors Monitoring Sys-
tem Survey, studied by the Centers for Disease Control
and Prevention in the United States, indicates that more
than 25% of elderly respondents reported falling, with
fatalities from falls reaching approximately 27,000 among
older individuals [5, 6].

Falls can be attributed to various factors, one of which
is pain. Pain independently contributes to the risk of
falls. Patients who report pain at multiple sites have a
higher risk of falling than those who report pain at one
site [7]-9]. Pain is also a primary symptom of osteoar-
thritis (OA) [10]. In the United States, lower limb pain
from OA is a main factor leading to activity disturbances
in middle-aged and older adults [10, 11]. Previous stud-
ies have demonstrated an association between knee
joint pain and falls. The relationship is often assessed
using overall knee pain in most studies. However, there
is a generally accepted association between structural
damage of the knee joint, especially the patellofemoral
joint, and the occurrence of anterior knee pain (AKP).
Whereas we used AKP in this study to assess knee pain
in patients, which is a common cause for seeking medi-
cal attention. AKP typically includes patellofemoral pain
and affects 2.5 million runners per year, of which 70%
decreased their overall physical activity levels at least five
years after their first injury [12]. Previous studies inves-
tigating the progression of knee OA and its association
with knee joint pain have yielded controversial findings.
Patient-reported pain does not consistently align with the
progression of knee OA. In contrast, recent research has
discovered a significant association between AKP and
the occurrence of structural changes in the patellofemo-
ral joint among patients with patellofemoral OA. Patel-
lofemoral OA typically manifests at an early stage of knee
OA, occurring before OA progresses to the tibiofemo-
ral joint [13]-15]. The study findings revealed that the
presence of AKP is indicative of knee OA progression.
This extends the existing research on the association
between AKP and knee OA. Thus, we aimed to investi-
gate whether AKP is also associated with an elevated risk
of falls in patients.

There is a lack of reported studies on the associa-
tion between AKP and falls. This study establishes a
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relationship between the presence of AKP at baseline and
the occurrence of recurrent falls (two or more falls) and
any falls (one or more falls) among patients with knee OA
or those at risk of developing it. Our hypothesis is that
individuals experiencing AKP have a higher susceptibility
to falls when compared to those without AKP. This study
aims to offer clinical practitioners novel insights into the
physical condition and disease progression of patients at
a high risk of knee OA and AKP.

Methods

Osteoarthritis initiative

The Osteoarthritis Initiative (OAI) cohort study was an
extensive multicenter observational study with a primary
focus on knee OA. Participants aged 45-79 years at five
clinical sites (John Hopkins Bayview Medical Center and
the University of Maryland, Baltimore, Maryland; Ohio
State University, Columbus, Ohio; University of Pitts-
burgh, Pittsburgh, Pennsylvania; and Memorial Hospital,
Pawtucket, Rhode Island) who participated in the OAI
between 2004 and 2006 were included in this study. The
two major sub cohorts of the OAI included participants
with symptomatic knee OA at baseline who were moni-
tored for progression of OA (the progression sub cohort)
and participants who did not have any symptoms of knee
OA but had certain traits that increased the risk of devel-
oping symptomatic knee OA during the study period (the
incidence sub cohort). The progression sub cohort was
defined as participants with symptomatic tibiofemoral
knee OA at baseline, frequent knee symptoms, and radio-
graphic tibiofemoral knee OA diagnosed in at least one
native knee at baseline. The incidence sub cohort was
defined as participants who had no symptomatic knee
OA in either knee at baseline but had other characteris-
tics, such as knee symptoms in a native knee within the
previous 12 months, overweight/obesity, knee injury or
surgery, family history, Heberden’s nodes, repetitive knee
bending, and an age of 70-79 years. Participants with
rheumatoid arthritis, inflammatory arthritis, or preg-
nancy were excluded from the study. Participants who
were unlikely to reside near the clinic for at least 3 years
were also excluded intended to ensure that participants
could be followed up adequately during the study period.
The OAI cohort study included a small control group
consisting of individuals who did not have the risk factors
required for eligibility at baseline, did not experience any
symptoms related to the knee joints, and had no imag-
ing evidence of knee OA. As it focused on patients with
knee OA and those at high-risk for OA, a control group
was not included. The OAI cohort study was approved by
the institutional review boards at the participating OAI
facilities. All participants provided written informed con-
sent for their participation in this study. The OAI cohort
study was conducted according to the principles of the



Xiong et al. BMC Public Health (2023) 23:2288

Declaration of Helsinki. As patients’ falls at year five were
not documented in the OAI database, we retrospectively
collected data from a four-year follow-up period span-
ning from baseline to year four as the main focus of cur-
rent study. These data and additional details are publicly
available at https://nda.nih.gov/oai/.

Independent variable: AKP

Each participant underwent a standardized physical
examination of the knee during the enrolment visit. The
physicians and clinical personnel at each participating
institution underwent thorough training, and the knee
examinations were performed by qualified personnel at
each location under observation by medical examiners.
The patellar quadriceps tenderness/tendinitis knee exam-
ination was used to evaluate AKP [16, 17]. The examina-
tion began with the participant seated with their knees
flexed at 90°. The clinic personnel used their thumbs to
examine for tenderness in four different locations around
the patella: the bony attachment of the quadriceps ten-
don at the patella; the distal end of the quadriceps muscle
as it forms the quadriceps tendon (quad muscle/tendon
transition); the bony attachment of the infrapatellar ten-
don at the patella; and below the patella (the thumb and
forefinger were squeezed to apply pressure inferior to the
infrapatellar tendon). The researcher evaluated the lower
extremities of all patients included in the study. In order
to determine whether a patient can be categorized as not
having AKP in this study, there should be no tenderness
detected in any of the four above locations in both legs.
Conversely, if tenderness is observed in any of the four
above locations in both legs, the patient is considered
afflicted with AKP.

Dependent variable: falls

The participants self-reported the number of times they
had fallen and landed on floor or ground in the previous
year. The data were recorded as none, one, two, three,
four, five, or six or more falls. In this study, the primary
outcome measure was recurrent falls, while the sec-
ondary outcome measure was any falls, as previously
described [18]. In this study, participants who experi-
enced two or more falls within the past year were classi-
fied as having recurrent falls, while those who reported at
least one fall within the past year were classified as having
any fall. Data on falls were gathered annually throughout
the four-year follow-up period of the study.

Covariates

Major determinants of fall risk were identified from
systematic reviews regarding data of middle-aged and
older individuals living in communities [19]. The fol-
lowing variables were assessed at the baseline visit: age,
sex, race, body mass index (BMI), education, smoking

Page 3 of 8

history, cohort (the progression sub-cohort or the inci-
dence sub-cohort), alcohol use, analgesics use, Charlson
Comorbidity Index (CCI) [20], Center for Epidemiologic
Studies Depression (CES-D) Score [21], Physical Activ-
ity Scale for the Older adults (PASE) score [22], repeated
chair stands [23, 24], pace, knee confidence, and his-
tory of falls (at baseline). Race was divided into white
and non-white based on the medical records [25]. BMI
was categorized as normal or obese [26]. Education was
divided into post-college and non-post-college groups.
The CCI was defined as a three-category variable based
on previous research [27]. The participants were divided
based on their ability to complete at least five repeated
chair stands. The 20-meter walk test was used to assess
the participants’ pace [28]. The knee confidence was self-
reported using the Knee Injury Osteoarthritis Outcome
Score question, “How much are you troubled with lack
of confidence in your knees?” [29]. The participants’ fall
histories were recorded based on the response to, “Fallen
and landed on floor or ground in the past 12 months”
[19].

Statistical analyses

The participants were divided into two groups accord-
ing to the presence or absence of AKP. The participants’
baseline characteristics are described as mean and stan-
dard deviation (SD) or number and percentage. The gen-
eralized estimating equation (GEE) is a statistical method
used to estimate the parameters of a generalized linear
model that considers the possibility of unknown correla-
tions between outcomes. As a history of falls experienced
by participants is not an independent variable, previous
falls may have influenced the occurrence of falls dur-
ing the study period. Repeated logistic regression using
GEEs and a binomial distribution was used to investigate
the association between AKP and falls. The working cor-
relation structures utilized by the GEE models are inter-
changeable. To determine whether any synergistic effects
existed between the confounders, AKP, and their two-
way interaction terms, the analysis was conducted by
incorporated these as independent variables in the GEE
model. Two models were developed: the unadjusted and
multivariate models. Stratified analyses were performed
to assess the influence of AKP on fall prediction in
diverse populations, taking into account age and gender
as variables in a study where recurrent falls served as the
outcome. Sensitivity analysis was conducted, excluding
patients who underwent knee arthroplasty. All statisti-
cal analyses were conducted using SPSS software (version
26.0; IBM SPSS Inc., Armonk, NY, USA). Statistical sig-
nificance was defined at the level of P<0.05. The GEE
model produced both the odds ratio (OR) and a 95% con-
fidence interval (CI).
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Results

We initially excluded the control group cohort as our
focus is on individuals affected by knee OA. Moreover,
we excluded subjects with missing covariates and those
without AKP data. Ultimately, our study included a
total of 3,318 participants, with 720 (21.7%) experienc-
ing AKP and 2,598 (78.3%) without AKP constituting
the referent group (Table 1; Fig. 1). Baseline characteris-
tics are summarized in Table 1. The AKP group is more
likely to comprise of female individuals, and those who
are overweight. On the other hand, the reference group
is predominantly composed of individuals of White race,
who possess higher education levels, engage in higher
levels of alcohol consumption, exhibit less progression
of knee osteoarthritis, have fewer comorbidities, and
report a lower frequency of pain medication use. The
evaluation of the population using CSE-D scale demon-
strated that the reference group obtained lower depres-
sion scores. Furthermore, the 20-meter walking test
revealed that the reference group exhibited superior
physical strength in comparison to the AKP group. Con-
versely, the AKP group displayed lower confidence levels
and a higher incidence of falls. No significant differences
were observed between the two groups in terms of age,

Table 1 The comparison between factors in the AKP and non-

AKP groups
Variables Non- AKP(n=720) P
AKP(n=2598)
Age(year), mean, SD 61.4(9.0) 61.7(9.2) 0.49
Female, n (%) 1405(54.1) 529(73.5) <0.01
White, n (%) 2248(86 5) 538(74.7) <0.01
Post college education, n (%) 1118(43.0) 232(32.2) <0.01
BMI', n (%)
Obesity (=30 kg/m?) 897(34.5) 312(433) <001
Cohort
progression 633(24.4) 281(39.0) <0.01
History of smoking, n (%) 1187(45.7) 351(48.8) 0.15
Alcohol use, n (%) 2169(83.5) 555(77.1)) <0.01
Analgesics use, n (%) 85(3.3) 58(8.1) <0.01
Charlson Comorbidity Index
0 2044(78.7) 498(69.2) <001
1 341(13.1) 137(19.0) <0.01
1 213(8.2) 85(11.8) <0.01
CES-DY 5.56(6.04) 8.35(7.77) <0.01
Pase* 162.9(79.5) 159.4(84.3) 0.30
Repeated chair stands® 2487(95.7) 692(96.1) 0.65
Pacel(m/s) 1.35(0.20) 1.25(0.21) <001
Lack of knee confidence™ 1261(48.5) 507(70.4) <001
Fallen past year, n (%) 791(304) 285(39.6) <0.01

Abbreviation: AKP: anterior knee pain

"Body Mass Index; fCenter for Epidemiologic Studies Depression (CES-D) Score;
*Physical Activity Scale for the Elderly (Pase) score; SRepeated chair stands: able
to complete 5 stands;120-meter walk: pace (meter/seconds); “Quality of life:
how much troubled with lack of confidence in knee(s)
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smoking history, PASE score, and completion rate of the
five repeated chair standing tests.

Throughout the 4-year follow-up period, the AKP
group exhibited a notably greater annual rate of falls
compared to the non-AKP group, for both the primary
and secondary outcomes of the study (Fig. 2). The anal-
ysis results, focusing on recurrent falls as the primary
outcome, demonstrate that participants with AKP were
more likely to experience recurrent falls than those with-
out AKP (OR: 1.60; 95% CI:1.36-1.87, P<0.001). After
adjusting for confounders, including age, BMI, gender,
race, education, cohort, history of smoking, alcohol use,
analgesics use, history of fall, Charlson comorbidity
index, CES-D, PASE, Repeated chair stands, pace, and
knee confidence, the AKP group was also likely to expe-
rience recurrent falls than the non-AKP group (Table 2).
However, in the analysis, focusing on any fall as a second-
ary outcome, indicates an interaction between CES-D
and AKP (P=0.031). Therefore, when utilizing any falls as
an outcome in the analysis, the participants were strati-
fied by CES-D score (<16 and >16) [30]. Among par-
ticipants with a CES-D score<16, those with AKP had a
1.32 times higher likelihood of falling than those without
AKP (95% CI: 1.16-1.50, P<0.001). Upon adjusting for
confounders, participants with AKP still had a 1.16 times
higher likelihood of falling than those without AKP (95%
CI: 1.02 —1.33, P=0.029). However, AKP was no signifi-
cantly associated with falls among patients with a CES-D
score>16 (Table 3).

Participants aged >65 years with AKP were more likely
to experience recurrent falls than those without AKP in
the unadjusted (OR: 1.81; 95% CI: 1.38-2.37, P<0.001)
and adjusted (OR: 1.40, 95% CI: 1.06-1.87, P=0.019)
models. However, this association was not observed in
participants<65 years of age after adjusting for con-
founders (OR: 1.19; 95% CI: 0.95-1.50, P=0.126) (Sup-
plementary Table 1). Male patients with AKP were more
likely to experience recurrent falls than those without
AKP in the unadjusted model and multivariate model
(OR: 1.90, 95% CI: 1.44—2.50, P<0.001; OR: 1.45, 95% CI:
1.07-1.96, P=0.017 respectively). However, AKP was not
significantly associated with recurrent falls among female
participants in the multivariate model (OR: 1.17, 95% CI:
0.94-1.45, P=0.161) (Supplementary Table 2). The out-
comes were consistent when 350 participants with a his-
tory of knee arthroplasty at baseline were excluded from
the sensitivity analyses (Supplementary Tables 3, 4).

Discussion

In this study, we found that AKP is an independent pre-
dictor of recurrent falls in individuals with knee OA or
those at high risk for it. To investigate the connection
between AKP and falls further, we performed an analy-
sis with any falls as the secondary outcome. The findings
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OALI participants
(N=4796)
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A

data(N=92)
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into this study to explore the
association between anterior pain

Fig. 1 Flow chart of research object screening

revealed that the link between AKP and any falls was only
significant in patients without depression, whereas this
relationship was not evident in individuals with depres-
sion. Nonetheless, we should note that the reporting of
single falls may have been coincidental [31, 32]. More
researchers tend to focus on recurrent falls as the pri-
mary outcome of their studies [33, 34]. Furthermore,
depression can also elevate the risk of falls among older

adults. Consequently, in studies where any individual fall
is considered a secondary outcome, the influence of AKP
on single falls in patients with depression might be over-
shadowed by the impact of depression itself on falls.
Nevertheless, our findings align with prior research
outcomes [35]. Several reports have explored the associa-
tion between pain and falls, underscoring an augmented
risk of falls in middle-aged and elderly patients afflicted
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Fig. 2 (a) Yearly prevalence of recurrent falls rates over a 4-year period for persons. Error bars represent bounds of 95% confidence intervals. (b) Yearly
prevalence of any falls rates over a 4-year period for persons. Error bars represent bounds of 95% confidence intervals

Table 2 Odds Ratio (95% Confidence Intervals) for AKP in the recurrent falls group. fAdjusted covariates: Age, BMI, gender, race,
education, cohort, history of smoking, alcohol use, analgesics use, history of fall, Charlson comorbidity index, CES-D, PASE, Repeated
chair stands, pace, and knee confidence. note: CES-D x AKP interaction, P=0.084

Recurrent Falls

OR 95%Cl P
AKP (reference of non-AKP)
Unadjusted Model 1.60 1.36-1.87 <0.001
Multivariate Model® 1.27 1.07-1.52 0.007

Table 3 Odds Ratio (95% Confidence Intervals) for any fall in different depression group

CES-D<16 CES-D=16

OR 95%ClI p OR 95%Cl p

AKP (reference of non-AKP)
Unadjusted Model
Multivariate Model

132 1.16-1.50 <0.001 105 0.76-144 0.782
116 1.02-133 0029 091 066-127 05%

*Adjusted covariates: Age, BMI, gender, race, education, cohort, history of smoking, alcohol use, analgesics use, history of fall, Charlson comorbidity index, PASE,
Repeated chair stands, pace, and knee confidence. note: CES-D x AKP interaction, P=0.031

with knee joint pain. Muraki et al. [36] reported that knee
pain is independently associated with numerous falls in
Japanese women. Additionally, Patel et al. [37] reported
that individuals with multiple sites of pain had higher
fall prevalence rates than those with pain at a single site.
The current study complements the results of previous
studies. However, in contrast to previous cross-sectional
studies, longitudinal data was analyzed in this study. Fur-
thermore, as opposed to general knee pain, this study
focused on pain in specific areas of the knee-AKP, which
is a common pain site in the knee patients seeking for
treatment, and believed to be associated with early knee
OA.

Individuals with AKP may experience quadriceps
femoris strength loss and decreased knee joint balance,
which are associated with falls and mortality in middle-
aged and older adults [38, 39]. Negative effects of AKP

may contribute to falls. In addition, AKP in individuals
with knee OA and those at high risk for knee OA may
indicate concurrent disorders that also induce AKP [40,
41].

Nevertheless, in comparison to healthy individuals,
patients with AKP exhibit lower walking speed and fre-
quency, as well as decreased step length and stride. This
could be seen as a protective mechanism that can reduce
the counteractive force of the quadriceps muscle and
thus decrease force on the patella [42].

Hierarchical analysis revealed that AKP was effective
in predicting falls in male participants>65 years of age.
The fall risk awareness scores decrease with age [43].
Middle- and older-aged adults who are aware of their fall
risk score higher on functional tests and engage in more
physical activity, which may account for no association
between AKP and recurrent falls in participants aged <65
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years in this study. Younger individuals may be more con-
scious of their fall risk than those>65 years of age, ulti-
mately reducing their likelihood of falling frequently. An
association was observed between AKP and recurrent
falls in male participants but not in female participants
in this study. The effect of pain on muscle strength may
differ between males and females, and may contribute
to these differences. Although data suggest that males
typically have stronger quadriceps femoris muscles than
females [44], it is unclear if pain affects muscle strength
differently in males and females.

This study is a retrospective cohort study. In contrast
to previous studies, this study focused on assessing
knee pain within a specific area, as determined through
examination by an experienced physician, and a sen-
sitivity analysis was conducted to eliminate the effect
of the knee joint replacement, as previous studies have
reported that patients frequently develop AKP after knee
joint replacement [45, 46]. Attention should be directed
to certain limitations in the current research. Due to its
retrospective design, the participants’ recollection of falls
may have been subject to bias. Additionally, the majority
of falls could have been either underreported or overre-
ported, which could potentially impact the outcomes of
the investigation. The data utilized in this study is solely
sourced from the OAI database, encompassing patients
who are either affected by knee OA or are at an increased
risk of developing it. This exclusive reliance on the OAI
database may impede the generalizability of the study
findings. While acknowledging the potential for reverse
confounding inherent in observational studies, we took
measures to control for as many covariates as possible.
It is important to note that AKP can be influenced not
only by knee joint pathology, but also may by abnormal
hip joint activity and changes in lower limb alignment,
ultimately impacting the loading of the patellofemoral
joint and leading to AKP. Further research should explore
the association and severity of AKP with abnormal lower
limb movement in affected individuals.

Conclusion

In conclusion, this study demonstrates that AKP can be
used to predict falls in individuals with knee OA or at
high-risk of developing knee OA. Individuals with AKP
are at risk for recurrent falls, especially those who are
older men. Combined with the existing research on AKP
and knee OA, the results of this study indicate that it is
crucial to prioritize fall prevention efforts for patients
with AKP instead of waiting for the progression of knee
OA before initiating fall prevention measures. The ratio-
nale behind this approach lies in the possibility that the
occurrence of AKP may precede the progression of knee
OA.
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