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Abstract

knee NSI on ROA incidence and progression.

Background: Knee injuries can lead to radiographic osteoarthritis (ROA). Injuries may be “specific” (SI) including
ligament or meniscal tears or patellar trauma, or “nonspecific” (NSI). Our objective is to understand the effect of

Methods: 163 people (sample-weighted for population representativeness) aged 40+ with history of knee pain had
radiographs assessed on Kellgren Lawrence (KL) grade (0/1 collapsed) at baseline and follow-up (median 3.2 years
apart). Progression was an increase in KL score. Sls and NSIs were labeled “severe” (walking aid for >1 week) or
“moderate”. One model treated SI and NSI as dichotomous (yes/no), and another as trichotomous (none/moderate/
severe). Models were adjusted for age, sex, BMI, KL grade and follow-up time.

Results: SI/NSI history was none, moderate (7.8/24.4%) or severe (11.0/10.8%). Duration at baseline since SI/NSI
ranged from <1 year to several decades (SI/NSI mean 4.6/6.5 years). SI was significantly associated with ROA
incidence and progression (odds ratio (OR) = 2.90; 95% Cl = 1.04, 8.09), but NSI showed no significant effect
(OR=1.36; 95% Cl=0.61, 3.02). In the trichotomous model, severe SI was significant (OR =4.35, 95% Cl=1.26, 15.02),
while moderate SI was not (OR=1.51, 95% Cl =0.33, 6.84). NSI showed no effect: moderate OR = 1.51, 95% Cl =061,
3.74; severe OR=0.90, 95% Cl=0.24, 3.40. This study had 80% power to detect an NSI OR of 2.9.

Conclusion: We find no evidence that history of NSI affects knee ROA incidence and progression in a population
with knee pain, adjusting for SI, age, sex, BMI, KL grade and follow-up time.

Background

Among US adults, nearly 27 million had clinical osteo-
arthritis in 2008 (up from 21 million in 1995) [1]. Being
strongly related to age and body mass index (BMI), with
the increasing average age and adiposity of populations,
osteoarthritis (OA) presents an increasing burden [2-5].
Kellgren Lawrence (KL) grade, an integer index ranging
from O to 4, is a standard radiographic measurement of
joint deterioration used in diagnosing OA [6]. Radio-
graphic OA (ROA) is simply defined as a KL grade of 2
or higher. In this paper we study incidence and pro-
gression of ROA, defined as any increase in KL grade
(with grades 0/1 collapsed).
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There is a large body of literature suggesting that knee
injury leads to an increased risk of OA (mostly incident
or prevalent OA) [7-17]. However, while the general
topic of knee injury affecting OA has been studied fairly
extensively, it has either been limited to the study of
certain specific injuries (SIs) that have been widely iden-
tified as posing elevated risks for OA (torn ligament,
torn meniscus, injured/dislocated patella), or used a def-
inition that included these injuries. The present study
seeks to elucidate the effects (if any) of injuries that do
not fall within those specific categories. We term this
“nonspecific injury” (NSI). Similar to the specific injuries
listed above, NSI can arise during physical exercise, or
activities of daily living, and may be mild or severe. We
define both SI and NSI as either “severe” (requiring a
walking aid for at least one week), or else “moderate”. In
comparison to the topic of SI versus OA, there is a
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dearth of literature on the area of NSI (as we have de-
fined it) and OA, yet the long-term effect of non-specific
knee injuries is important to understand, as many knee
injuries are nonspecific. The purpose of this study is to
better understand the effect of moderate and severe knee
NSI, defined as a knee injury other than torn ligament,
torn meniscus, or injured/dislocated patella, on the long
term rate of ROA incidence/progression.

Methods

Ethics approval

The study was approved by the Research Ethics Board of
the University of British Columbia. All participants gave
written informed consent at the time of recruitment.

Data collection

Source data came from a longitudinal study conducted
in Vancouver, Canada [18], a population-based cohort of
individuals aged 40 to 79 with knee pain “on most days
of the month at any time in the past and any pain in the
past 12 months.” This cohort enrolled 255 individuals,
stratified by age decade and sex in roughly equal group
sizes, with baseline visits between 2002 and 2005. The
sample was collected as follows. A random list of house-
holds was obtained from the telephone directory listings,
which included address and telephone information. Invita-
tion letters were mailed to randomly selected households.
This was followed by standardized telephone screening for
preliminary eligibility, followed by in-person detailed
eligibility screening. Once predetermined numbers were
reached in a given age-sex group, data collection stopped
within that group. The first time this happened, the sam-
ple collected to that point provided the estimated popula-
tion proportional distribution of age and sex in those with
knee pain. This distribution was used to develop a sample
weight (see below). Collection continued until sufficient
numbers were reached in each group [19].

A total of 163 patients completed follow-up over 2.5
to 5.6 years (mean = 3.3, SD = 0.5), with the remainder of
the baseline sample not available for the second x-ray.
[18] The study knee was the more painful knee. Radio-
graphs were taken using fixed-flexion anteroposterior
view and skyline view. X-rays were graded using the
Kellgren Lawrence scale (0—4). Interrater reliability of
KL grade was good with a baseline intraclass correlation
coefficient of 0.79. Differences were adjudicated by con-
sensus readings among the two readers (JC and SN).
Grades 0 and 1 were collapsed, then ROA incidence and
progression was defined as an increase by>1 grade.
Subjects with KL grade 4 are not able to progress and
hence were excluded from this analysis.

History of knee injury was obtained by self report.
Subjects were asked: “Have you had any knee injuries in
the past? Please list all injuries to the right and left knee

Page 2 of 6

(for example meniscal tear, strain, anterior cruciate
injury). Be as specific as you can. Indicate when the
injury occurred, whether you required walking aids for
at least one week, which knee was affected and how cer-
tain you are of which knee was affected.” The response
box to this question contained rows for as many as
eleven injuries, with fields for type of injury (open-ended
description), date of injury, walking aids required for at
least one week (yes/no), which knee injured (right/left),
and certainty about which knee was injured (not/some-
what/very certain). We did not review medical charts
and did not obtain imaging information at the time of
injury, since injuries could have occurred many years prior
to the study visit. However self-reported information on
all injuries was reviewed in detail by a rheumatologist (JC)
at time of study visit. Subjects with non-specific injuries
may or may not have had imaging at the time of injury.
Regardless of imaging that they might have had, they were
not aware of any specific diagnoses that would be codable
as another type of specific injury. Type of injury was clas-
sified by a rheumatologist (JC) as either specific injury
(ACL tear, cruciate ligament tear, LCL tear, MCL tear,
(other) ligament tear, meniscal tear, patellar injury), or else
was labeled nonspecific injury. SI and NSI severity were
defined as severe (requiring a walking aid for at least one
week) or else moderate [18]. In the case of multiple SIs,
duration from the oldest was specified as the SI duration
at study baseline, and similarly the maximum SI severity
was treated as the SI severity. In the case of multiple NSIs,
the same approach was taken. Subjects may have experi-
enced both SI and NSI.

Statistical methods

In order to obtain results that were population-
representative, a sample weight was developed for the
baseline sample as the ratio of population proportion in
a given age-sex cell over the baseline sample proportion
in that cell. The weight was scaled to sum to the baseline
sample size (255). The longitudinal subset analyzed in
the present study consisted of 163 subjects followed up
from the original baseline sample [18]. A sample weight
was developed for the longitudinal sample as the ratio of
baseline sample proportion in a given age-sex cell over
the longitudinal sample proportion in that cell, multi-
plied by the baseline weight. The sample weight was
scaled to sum to the follow-up sample size (163). All
analyses in the present study were weighted with the
longitudinal sample weight.

Logistic regression was used to model ROA incidence
and progression in two ways. One logistic model treated
SI and NSI as dichotomous (yes/no). In another model,
trichotomous variables were used for both SI and NSI
(none/moderate/severe). Both models included SI and
NSI together (i.e., NSI models were adjusted for SI), and
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were also adjusted for baseline age, sex, BMI, KL grade
and follow-up time (2.5 to 5.6 years as described above).
Interactions were allowed for between sex and NSI, and
between sex and SI. They were dropped if non-
significant at alpha = 0.05. Model fit was assessed with
the Hosmer and Lemeshow goodness of fit test for logis-
tic regression models [20]. As stated above, regression
models were fit on the group with KL grade <4 at
baseline (unweighted/weighted n =147/149.6). Logistic
regression does not require that SI and NSI be mutually
exclusive. In fact, that they are not mutually exclusive is
what allows the model to estimate the effect of each
while adjusting for the other. Both were evaluated in the
same model using “none” as the reference groups.

The following four sensitivity analyses were performed
to assess the robustness of the results to various as-
sumptions and limitations. First, NSI models were fit on
the subgroup without history of SI, in effect a “purified”
cohort. Secondly, to investigate a possible effect of time
between injury and baseline radiographic assessment, we
performed an analysis in which NSI and SI were treated
as 5-level variables with categories “none”, “moderate
recent (<20 years)”, “moderate old (>20 years)”, “severe
recent (<20 years)”, and “severe old (>20 years)”. In a
third sensitivity analysis, we added any SI or NSI to the
study knee occurring between baseline and follow-up as
additional positives for history of SI or NSI, and fit the
models on the updated variables. The fourth sensitivity
analysis was performed to investigate the possibility of
different effects on ROA incidence and progression. This
was done by considering results from separate incidence
and progression models in combination with a cross-
tabulation of baseline ROA prevalence versus trichotom-
ous SI and NSI history.

Finally, we compared the followed up subsample of
163/255 to the subsample that was not followed up
(92/255), on baseline values of specific injury, non-
specific injury, KL grade, gender, age and BML

Analyses were performed using the statistical software
SAS version 9.2.

Results

Weighted characteristics of the full sample (N =163.0)
are described in Table 1. 54.0 % were female. At baseline,
average BMI was 26.1 (range=18.1-43.2, SD=4.2).
39.4% had baseline ROA. By follow-up, 35.0% had pro-
gressed on the KL grade (0/1 collapsed) of their study
knee. The vast majority of subjects’ study knees pro-
gressed or remained the same, with only n=3.0 (1.8%)
moving backwards on the collapsed KL scale. Those
were treated as non-progressors. At baseline, 24.4% had
experienced moderate knee NSI, and 10.8% severe knee
NSI. 7.8% had experienced moderate knee SI, and 11.0%
severe knee SI. Duration from the oldest SI to baseline
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Table 1 Sample characteristics (weighted counts; N = 163.0)

Variable n (%)
Baseline history of knee NSI

None 105.5 (64.7)
Moderate 39.8 (24.4)
Severe 17.7 (10.8)
Baseline history of knee SI

None 1324 (81.2)
Moderate 12.7 (7.8)
Severe 179 (11.0)
'Baseline KL

01 98.9 (60.6)
2 345 (21.2)
3 16.3 (10.0)
4 134 (8.2)
]Progressors (KL increase by 2 1 grade at follow-up) 57.0 (35.0)
Female 88.1 (54.0)
Baseline age, mean (SD) 576 (10.1)
Baseline BMI, mean (SD) 26.1 (4.2)
Years of follow-up, mean (SD) 3.3(0.6)

KL 0/1 is treated as one category.

radiographic assessment ranged from 1-58 years, while
duration from the oldest NSI to baseline radiographic
assessment ranged from 0-70 years.

Table 2 lists the odds ratios and 95% confidence inter-
vals from the regression models, adjusted for age, sex,
baseline BMI, baseline KL grade and years of follow-up.
Interactions were dropped due to non-significance at
alpha = 0.05, so the odds ratios apply to both sexes. In
the dichotomous model, SI had a significant association

Table 2 SI/NSI models predicting ROA incidence and
progression

Variable OR (95% ClI)

Dichotomous model

Knee NSI (ref. none)

Any 1.36 (061, 3.02)
Knee S| (ref. none)

Any 2.90 (1.04, 8.09)
Trichotomous model

Knee NSI (ref. none)

Moderate 1.51 (061, 3.74)
Severe 0.90 (0.24, 3.40)
Knee S| (ref. none)

Moderate 1.51 (033, 6.84)
Severe 435 (1.26, 15.02)

ROA = radiographic OA.
Models are adjusted for baseline age, sex, BMI, KL grade and years
of follow-up.
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with ROA incidence and progression (OR =2.90; 95%
CI =1.04, 8.09), but NSI did not show an association in
the multivariable model (OR = 1.36; 95% CI = 0.61, 3.02).
In the trichotomous model, the effects of SI were mono-
tonic. Severe SI was significantly associated with ROA
incidence and progression, while moderate SI was not:
moderate SI OR =1.51 (95% CI=0.33, 6.84); severe SI
OR =4.35 (95% CI=1.26, 15.02). NSI showed no effect:
moderate NSI OR=1.51 (95% CI=0.61, 3.74); severe
NSI OR =0.90 (95% CI = 0.24, 3.40). Both models passed
the goodness of fit test at alpha=.05. Fixing the
weighted number of progressors and subjects with knee
NSI to what we observed post-hoc, we had a post-hoc
power of 80% to detect an odds ratio of 2.9 when defin-
ing NSI as a binary variable.

The results of the sensitivity analyses were as follows. In
the models fit on the subgroup without history of SI, odds
ratios for NSI were similar to the above results, with
slightly wider confidence intervals. In the dichotomous
model, OR =1.55; 95% CI =0.63, 3.83. In the trichotom-
ous model, moderate NSI OR =1.79 (95% CI = 0.66, 4.85);
severe NSI OR =1.03 (95% CI = 0.23, 4.70). In the analysis
accounting for time between NSI or SI and baseline radio-
graphic assessment, results were similar in that SI was
significant while NSI was not. Only old (>20 years) severe
SI was significant vs. no injury, with OR =5.47 (95% CI =
141, 21.27), not recent SI or any NSI. For the analysis
treating SI/NSI occurring between baseline and follow-up
as additional history of injury, there were no new SIs to
the study knee in that time, but there were 11 new knee
NSIs, two of them severe. Addition of these events did not
change the conclusions and hardly changed the estimates
in dichotomous or trichotomous models. Odds ratios were
within 0.01 in the significant categories, and within 0.1 in
the non-significant categories. In the final sensitivity ana-
lysis, in separate incidence and progression models, we
observed a significant effect of SI on progression, but none
on incidence. NSI had no effect in either model. In the
complementary cross-tabulation comparing the baseline
prevalence of ROA versus history of knee SI and knee
NSI, we found that ROA prevalence increased monotonic-
ally for levels of SI; that is, ROA prevalence was 35.0%,
49.7% and 64.3% for none, moderate and severe SI
respectively. However, again, no such trend was seen for
levels of NSI, where ROA prevalence was 41.0%, 34.6%
and 40.7% respectively. The combination of these results
(prevalence rates and separate models for incidence and
progression) together support combining the outcome
into incidence/progression: the length of time between
injury and baseline radiographic assessment has precluded
separation of the outcome into incidence and progression
alone because any effect of injury on incidence has already
acted by the time of radiographic assessment at study
baseline. In this two-pronged sensitivity analysis, an effect
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of SI on incidence is detected (as differences in ROA
prevalence at study baseline), yet no evidence of an effect
of NSI is seen.

Finally, there were no statistically significant differ-
ences between the followed up subsample of 163/255 vs.
the subsample that was not followed up (92/255), on
baseline values of specific injury, non-specific injury, KL
grade, gender, age and BMIL

Discussion

In multivariable, adjusted models, we investigated the
effects of past history of knee NSI—injuries not including
the “specific” injuries cruciate ligament tear, collateral
ligament tear, meniscal tear or patellar injury—on the
incidence and progression of ROA. In models adjusted for
knee SI, baseline age, sex, BMI, KL grade and years of
follow-up, we found no evidence that history of moderate
or severe knee NSI (including those severe enough to
require a walking aid for at least one week) affects the
incidence and progression of knee ROA in a population
with knee pain. We investigated this model in a dichotom-
ous approach with SI and NSI having levels yes/no, and a
trichotomous approach with levels none/moderate/severe.
In addition, we performed a series of sensitivity analyses,
including an analysis of the SI-free subgroup, a model
accounting for time between injury and baseline radio-
graphic assessment, a model in which injuries occurring
between baseline and follow-up were counted as addi-
tional history of injury, and finally a two-pronged analysis
of separate effects on ROA incidence and progression
which combined results from separate incidence and pro-
gression models with results from a cross-tabulation of
baseline ROA prevalence versus trichotomous SI and NSI
variables. Results were consistent across all approaches:
no effect of knee NSI, but a significant effect of knee SI on
subsequent incidence and progression of ROA.

The adjusted effects we found for knee SI on ROA
incidence and progression are consistent with the litera-
ture on this topic [7-17]. For example, in a longitudinal
study with a 22-year follow-up, Toivanen et al. (2010)
reported an odds ratio (OR) of 5.1 (95% confidence in-
terval (CI) 1.4, 19.0) for permanent complaints due to
past knee injury (e.g., ligament injuries) and developing
(incident) symptomatic OA [7]. Qiestad et al. (2009)
performed a systematic review of knee injury versus
tibiofemoral OA, with a minimum 10-year follow-up [8].
They found that reported prevalence rates of OA follow-
ing cruciate ligament and additional meniscal injury
ranged from 21% to 48%, two to five times higher than
in the overall adult population [1]. Chaudhari et al. (2008),
Boyd et al. (2005) and Allen et al. (1999) examined bio-
logical models of OA development after ACL injury
[9-11]. Burger et al. (2007) used a sheep model to examine
cartilage changes that may lead to OA following meniscal
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injury [12]. In a 14-year longitudinal study, Wilder et al.
(2002) reported an OR=7.4 (95% CI=5.9, 9.4) for the
association between self-reported history of acute knee
injury (fracture or severe sprain) and development of
(incident) ROA [13]. In a longitudinal study with an aver-
age follow-up time of five years, Cooper et al. (2000)
reported an odds ratio for the association between previ-
ous knee injury (severe, requiring a walking aid for at least
one week) and incident OA to be 4.8 (95% CI=1.0, 24.1)
[14]. In a 36-year longitudinal study, Gelber et al. (2000)
reported relative risks ranging from 2.95 to 5.17 (depend-
ing on time of injury) for the association between joint
injury and subsequent OA [15]. In a case—control study,
Lau et al. (2000) reported odds ratios of 12.1 (95% CI =
3.4, 42.5) in men and 7.6 (95% CI = 3.8, 15.2) in women,
for the association between history of joint injury and
subsequent OA [16]. Sillanpad et al. (2011) found that
patellofemoral OA is a significant long-term risk of non-
anatomic surgery following patellar dislocation [17].

Our non-finding of any effect of knee NSI has import-
ant implications, especially if it is confirmed in a future,
equivalence analysis. If confirmed, the null finding
means that people who suffer non-specific injuries to
the knee (no apparent damage to ligaments, meniscus or
patella) need not worry about a subsequent, long-term,
increased risk of radiographic OA incidence/progression,
even when the NSI is severe enough to require a walking
aid for at least one week. This result is important, as an
increasing popularity of physical exercise may lead to
more knee injuries, both specific and nonspecific. In
addition, those who are overweight and are asked to
begin exercise programs (which ought to reduce rates of
ROA) represent another growing group at risk for knee
injury.

This study has certain limitations. Our null findings
do not exclude the possibility that knee NSI increases
the risk of ROA incidence and progression; an equiva-
lence study would be required to draw such conclusions.
However, the 95% ClIs obtained, as well as adequate
power suggest that the magnitude of such an increase, if
any, is likely not large. Another limitation of our study is
that history of SI and NSI were obtained retrospectively,
by self-report. The wide range of time between injury
and baseline radiographic assessment (<1 yr to several
decades) is potentially important. This may have the
effect of a reduction in power. Nevertheless, we found a
positive result for the effect of SI. This suggests that its
impact is not substantial. In addition, sensitivity analyses
adjusting for time from injury to baseline radiographic
assessment did not change the conclusions of this study.
The length of time between injury and baseline ra-
diographic assessment also precluded separation of the
outcome into incidence and progression alone in the
primary analysis, as any effect on incidence had already
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acted by the time of baseline radiographic assessment.
However, our analysis of ROA prevalence at baseline
versus history of SI and NSI, combined with sensitivity
analyses with incidence and progression modeled separ-
ately, suggest that this would not have affected the null
findings of this study. Another limitation is that we did
not do medical chart review of past injuries, and relied
instead on patient recall. Because of this, we do not have
detailed information on other tissues affected such as
cartilage. This is something that should be looked at
prospectively for NSI in future studies. Finally, while this
study is population-based, the target population is not
the general population, but those with a history of knee
pain who were successfully followed up. As such, we
cannot be sure that the results of this study are applic-
able to the cross-sectional population of those without
knee pain.

Conclusions

In summary, we did not find evidence that history of mod-
erate or severe nonspecific knee injury—injuries not
including the “specific” injuries relating to cruciate liga-
ment tear, collateral ligament tear, meniscal tear or patel-
lar injury—(including those severe enough to require a
walking aid for at least one week) affects the incidence
and progression of radiographic knee OA in a population
with knee pain. This result was irrespective of adjustment
for specific knee injury, baseline age, sex, BMI, KL grade
and follow-up time between radiographs.
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