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Abstract

Introduction—Knee osteoarthritis (KOA) is typically a slowly progressive disorder; however, a
subset of knees progress with dramatic rapidity. We aimed to describe magnetic resonance
imaging (MRI) findings that are associated with accelerated KOA.

Materials and Methods—We conducted a longitudinal descriptive study in the Osteoarthritis
Initiative (OAI) cohort. We selected participants who had no radiographic KOA at baseline with
one of the following in the most severe knee: 1) accelerated KOA (progressed to end-stage KOA
within 48 months), 2) common KOA, and 3) no KOA at all visits. We enriched the sample by
selecting knees with a self-reported or suspected knee injury. A musculoskeletal radiologist
blinded to group assignments but not to time sequence performed MRI readings for the visit
before and after an injury.

Results—We assessed 38 participants (knees), 66% were female, mean age 61 (9) years, and
mean body mass index 28.5 (4.9) kg/m2. Fifteen of 20 knees with no or common KOA, had no
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incident findings consistent with acute damage. Among the 18 knees with accelerated KOA most
had incident findings: 13 (72%) had incident medial meniscal pathology with extrusion and 5
(28%) knees had subchondral damage.

Conclusions—Incident MRI findings that are associated with incident accelerated KOA are
characterized by structural damage that compromises subchondral bone or the function of the
meniscus. Recognizing meniscal extrusion and/or change in shape, lateral meniscal tear, or acute
subchondral damage may be vital for identifying individuals at risk for accelerated KOA.
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INTRODUCTION

Osteoarthritis, particularly knee osteoarthritis, is one of the most common causes of
disability (Losina et al., 2012; Vos et al., 2013) and the main reason for joint replacement at
a cost of over $30 billion/year (Agency for Healthcare Research and Quality, 2014). The
lack of an optimal treatment strategy for osteoarthritis may be at least in part, attributable to
it being a common endpoint defined by several distinct phenotypes that may require
different treatment strategies (Driban et al., 2009; Felson, 2010; Hunter and Hellio Le
Graverand-Gastineau, 2008; Martel-Pelletier et al., 2006). One newly described phenotype
is knees that progress with dramatic rapidity (e.g. from normal appearance to end-stage
disease within 4 years) compared with the more gradual progression that typically
characterizes osteoarthritis. The dramatic rate of joint destruction raises questions about
whether accelerated knee osteoarthritis could be a distinct disease; hence, this subsample of
individuals warrants additional attention. Determining factors that differentiate or identify
accelerated knee osteoarthritis could generate insights into its pathogenesis and offer
therapeutic targets.

Self-reported knee injuries are predictive of accelerated knee osteoarthritis (Driban et al.,
2014). While self-reported injuries are important because they represent an individual’s
perception of an event that elicited knee symptoms it does not help us determine the incident
structural damage (e.g., anterior cruciate ligament tear, meniscal tear) that may precipitate
accelerated knee osteoarthritis. To help clinicians identify individuals at risk for accelerated
knee osteoarthritis it is crucial to determine the incident structural damage that may precede
accelerated knee osteoarthritis, common knee osteoarthritis, or no osteoarthritis.

To better understand the underlying etiopathogenesis of accelerated knee osteoarthritis, we
conducted a descriptive study to evaluate those with accelerated knee osteoarthritis,
common knee osteoarthritis, and those who did not develop knee osteoarthritis over a 48-
month observation period. We aimed to describe magnetic resonance (MR) imaging findings
that are associated with incident accelerated knee osteoarthritis. We enriched the sample by
selecting knees with a self-reported or suspected knee injury because this increased the
likelihood in all three groups that we would detect incident structural damage on magnetic
resonance images. These results will help inform clinicians about key imaging findings to be
concerned about among adults without knee osteoarthritis.

Clin Anat. Author manuscript; available in PMC 2016 September 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Driban et al.

Page 3

MATERIALS AND METHODS

Study Design

We conducted a longitudinal descriptive knee-based study using data from the Osteoarthritis
Initiative (OAI) to determine the type of incident findings associated with incident
accelerated knee osteoarthritis. The cases were knees with incident accelerated knee
osteoarthritis. The comparison groups were knees with incident common knee osteoarthritis
and knees that did not develop knee osteoarthritis over 48 months of observation. To help
identify incident structural damage in all three groups we enriched the sample by including
individuals with a self-reported knee injury during the observation period or a suspected
injury. Specific selection criteria are defined below and in Figure 1.

Sample Selection / Setting

The OAl is a longitudinal observational study of individuals with or at risk for knee
osteoarthritis at four sites in the United States. The staff at the four clinical sites enrolled
4,796 men and women (45 to 79 years of age) between February 2004 and May 2006. The
OAI cohort comprised three groups classified at baseline: 1) progression subcohort,
including individuals with at least one knee with symptomatic radiographic knee
osteoarthritis, 2) incidence subcohort, including individuals at risk for symptomatic
radiographic knee osteoarthritis, and 3) non-exposed control subcohort, which included
individuals with no knee osteoarthritis and no risk factors for knee osteoarthritis. Detailed
descriptions of the eligibility criteria for each subcohort and the OAI protocol are publicly
available at the OAI website. Institutional review boards at each OAI clinical site and the
OA\ coordinating center approved the OAI study. These analyses were deemed not human
subject research because they used publicly available de-identified data and images.

Case and Control Definitions

Case and control definitions were based on baseline and change in radiographic
osteoarthritis severity over a period of 48 months. The OAI annually collected bilateral,
posterior-anterior, weight-bearing, fixed-flexion knee radiographs during the first four years.
Central readers assessed each knee for radiographic osteoarthritis severity (Kellgren-
Lawrence [KL] Grade). The readers had good intra-reader agreement (read-reread weighted
kappa = 0.70 to 0.78). The protocol and data are publicly available at the OAI website
(Files: kKXR_SQ_BU##_SAS; versions 0.6, 1.6, 3.5, 5.5, 6.3) (Osteoarthritis Initiative,
2015).

Among OAI participants with no baseline radiographic knee osteoarthritis (KL < 2) in both
knees (n = 1,930) we evaluated three groups based on radiographic definitions of
osteoarthritis: 1) accelerated knee osteoarthritis: knee progressed to end-stage knee
osteoarthritis (KL Grade 3 or 4) within 48 months, 2) common knee osteoarthritis
progression: knee increased in radiographic scoring within 48 months (excluding those
defined as accelerated knee osteoarthritis progression), and 3) no knee osteoarthritis: no
change in KL grade in either knee at baseline and 48-month follow-up. We omitted 364
(19%) participants because missing radiographic scores precluded our ability to determine
group assignment (19 possible participants with common knee osteoarthritis progression,
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345 possible participants with no knee osteoarthritis). From this sample, we had 1325
individuals with no knee osteoarthritis, 187 individuals with common knee osteoarthritis,
and 54 individuals with accelerated knee osteoarthritis. Clinical differences among these
groups have been published (Driban et al., 2014).

Because our particular interest was on the influence of incident structural damage in these 3
groups, we required that most participants self-report knee injury to the index knee. At each
follow-up visit, participants were asked “Since your last annual visit to the OAI clinic about
12 months ago, have you injured your right knee badly enough to limit your ability to walk
for at least two days?” A similar question was asked for the left knee. The injury data are
publicly available (Files: allclinical##; versions 0.2.2, 1.2.1, 3.2.1, 5.2.1). For individuals
with no knee osteoarthritis, bilateral common knee osteoarthritis, or bilateral accelerated
knee osteoarthritis we initially considered both knees and selected one knee per person, as
described below.

Among knees with accelerated osteoarthritis and a self-reported injury (n = 20 knees, 19
individuals), we selected the 12 knees that went from no osteoarthritis (KL Grade 0 or 1)
before the self-reported injury to end-stage knee osteoarthritis (KL Grade 3 or 4) within 12
months after the injury. This selection criteria allowed us to focus on injuries that are
associated with dramatic accelerated knee osteoarthritis.

We also identified 38 knees from 33 individuals who had accelerated knee osteoarthritis but
no self-reported injury. We focused on knees that transitioned from not having radiographic
evidence of knee osteoarthritis (KL 0 or 1) to end-stage knee osteoarthritis (KL 3 or 4)
within one year because their progression was comparable those who reported a knee injury
and we suspected this dramatic progression was triggered by incident structural damage (19
knees, 17 individuals). For those who were eligible bilaterally we only selected the right
knee. We excluded individuals who had accelerated knee osteoarthritis during the first 12
months of OAI follow-up (8 knees) because there was no MR imaging prior to progression
to understand the knee before accelerated progression. We also excluded two knees that
changed from KL 0 to KL 1 before showing accelerated progression because it was unclear
if this initial change may reflect an early stage of the progression. Three people in the
accelerated knee osteoarthritis group with no self-reported injury were excluded because the
contralateral knee had a self-reported injury. One individual was excluded because they had
images missing at multiple visits. In total 6 knees (6 individuals) with accelerated knee
osteoarthritis and no self-reported injury were included.

Knees with common osteoarthritis progression were included only if the contralateral knee
had no osteoarthritis during the first 48 months of OAI follow-up. Among 26 knees (26
individuals) with common OA and a self-reported injury we selected the 10 knees that went
from no knee osteoarthritis (KL Grade 0 or 1) before the self-reported injury to mild knee
osteoarthritis (KL Grade 2) within 12 months after the injury. This selection criterion
allowed us to focus on incident structural damage that we could attribute to the self-reported
knee injury more so than progression that happens much later.
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Knees with no osteoarthritis and a self-reported injury were only included if the contralateral
knee also had no knee osteoarthritis during 48 months of observation. Among 141 knees
with no osteoarthritis and a self-reported injury we selected the first 10 knees (sorted by
identification number) for review. One knee had missing imaging data at the visit prior to
their self-reported injury so we evaluated the MR images from the year before that. No
individuals had a self-reported injury in the contralateral knee.

Magnetic Resonance Images

At baseline and the first four annual OAI visits, participants underwent bilateral knee MR
imaging. The four OAI sites had identical Siemens Trio 3-Tesla MR systems. The protocol,
quality assurance procedures, and rationale have been described in detail (Peterfy et al.,
2008).

Magnetic Resonance Imaging Readings

A single experienced, fellowship-trained, musculoskeletal radiologist (RJW) who was
blinded to group assignment read all relevant MR images. For knees with a self-reported
injury the radiologist provided clinical readings for the MR imaging readings at the visit
before the self-reported injury and at the visit when the participants reported an injury in the
prior 12 months. As noted above, all knees had no osteoarthritis (KL < 2) before the injury
and at the visit when participants reported an injury knees with accelerated knee
osteoarthritis had end-stage osteoarthritis (KL = 3 or 4), knees with common knee
osteoarthritis had moderate osteoarthritis (KL = 2), and the third group had no osteoarthritis
(KL =0 or 1). For individuals with accelerated knee osteoarthritis but no reported injury the
radiologist provided clinical readings for all five visits (baseline and four follow-up visits).
In this study we focused on the penultimate visit when a knee had no osteoarthritis (KL < 2)
and the annual visit subsequent to that, when they presented with end-stage osteoarthritis
(KL =3 or 4). In total, the radiologist performed 84 clinical readings.

Statistical Analysis

We provided a descriptive summary of the incident MR imaging findings among knees with
incident accelerated osteoarthritis, incident common osteoarthritis, or no osteoarthritis.

RESULTS

We included 38 participants (knees), 66% were female, mean age 61 (9) years, and mean
body mass index 28.5 (4.9) kg/m? (see Table 1). At the visit prior to a suspected injury, most
knees, regardless of group, had damage commonly associated with osteoarthritis despite
having no radiographic knee osteoarthritis (e.g., anterior cruciate ligament degeneration, fat
pad edema, patellofemoral chondropathy).

Among the 10 knees with no knee osteoarthritis, the only incident finding on MR images
was a tibial (medial) collateral ligament sprain in 1/10 of the participants (see Table 2).

Three out of 10 knees with common knee osteoarthritis had incident medial meniscal
pathology in the posterior horn with no-mild extrusion: one knee had a complex tear and two
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knees had a horizontal tear with a flap component (see Table 2). Among these three knees
with incident medial meniscal pathology there was no changes in the meniscal shape (e.g.,
morphologic deformity). A fourth knee with common knee osteoarthritis had an incident
tibial collateral ligament sprain.

In total, among the 20 knees with no or common knee osteoarthritis 15 (75%) had no
incident findings of damage and 7 of these knees (35%) had stable findings between visits
(e.g., no incident findings, no cartilage loss, no change in effusion).

Among the 18 knees with accelerated knee osteoarthritis all but one knee had at least one
incident finding (see Table 2). Thirteen (72%) knees had incident medial meniscal pathology
with extrusion, 3 knees had incident meniscal pathology without extrusion, 4 knees had
subchondral fractures (all had concurrent medial meniscal pathology, see an example in Fig.
2), and 1 had evidence of possible post-traumatic avascular necrosis (with lateral meniscal
pathology). All of the knees with subchondral bone damage were among knees with self-
reported injuries. The most common incident meniscal findings among knees with
accelerated knee osteoarthritis were complex (4 knees), horizontal (6 knees), or radial tears
(5 knees). Among the three meniscal pathologies with no extrusion, two occurred in the
lateral meniscus (horizontal tears) and the other occurred in a knee with a subchondral
fracture. Among the four meniscal pathologies with minimal extrusion 3 were characterized
by changes in the meniscal size or shape and the fourth had a radial defect with a horizontal
tear. One knee with accelerated knee osteoarthritis but no self-reported injury had no
evidence of incident changes that would reflect a traumatic injury during the year they
progressed from no knee osteoarthritis to end-stage knee osteoarthritis.

DISCUSSION

Knee injuries are a key risk factor for knee osteoarthritis, especially accelerated knee
osteoarthritis. However, clinicians cannot determine which patients may be at risk for
accelerated knee osteoarthritis without knowing the incident structural damage that
predisposes a knee to accelerated osteoarthritis. We found that structural damage that is
associated with accelerated knee osteoarthritis destabilizes and compromises the function of
the meniscus or compromises the subchondral bone. Unique meniscal findings among
individuals with accelerated knee osteoarthritis were lateral meniscus tears and medial
meniscal tears with moderate-severe extrusion or changes in meniscal size or shape. Early
detection of these lesions may be vital for identifying individuals at risk for accelerated knee
osteoarthritis.

The majority of cases with accelerated knee osteoarthritis had incident meniscal pathology.
Meniscal pathology is associated with an increased risk of osteoarthritis (Claes et al., 2012;
Englund et al., 2009). The current study may help us identify key meniscal findings that are
associated with incident accelerated knee osteoarthritis. Most knees with accelerated knee
osteoarthritis had incident meniscal extrusion. In contrast, knees with no osteoarthritis were
never characterized by meniscal extrusion and among knees with common osteoarthritis,
only a few knees had mild extrusion. Meniscal extrusion may be a key risk factor for fast
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cartilage loss (Berthiaume et al., 2005; Hunter et al., 2006; Raynauld et al., 2006; Roemer et
al., 2009).

Three knees with common osteoarthritis and four knees with accelerated osteoarthritis had
mild medial meniscal extrusion. A key meniscal finding that may help distinguish injuries
among these knees was changes in meniscal shape. Three out of four knees with accelerated
knee osteoarthritis and mild meniscal extrusion had incident morphologic deformities
(change in meniscal shape) or attenuated size, findings not present after injuries among
those with common knee osteoarthritis. The combination of meniscal extrusion with changes
in meniscal size or shape likely increases contact pressures in the tibiofemoral compartment,
which hastens additional joint damage.

We found that two out of the three incident meniscal pathology without extrusion among
knees with accelerated osteoarthritis occurred in the lateral meniscus. This is not surprising
since the lateral meniscus is less likely to have extrusion compared with the medial
meniscus among adults with or at risk for knee osteoarthritis (9.4% versus 44.2%,
respectively) (Crema et al., 2012).

A few studies have raised concerns that partial lateral meniscectomy may be related to rapid
chondrolysis (Alford et al., 2005; Ishida et al., 2006; Mariani et al., 2008). Recently, the first
case report was published of rapid chondrolysis following a deep radial tear in the lateral
meniscus that was conservatively treated (Thaunat et al., 2014). In the current study, only
the knees that developed accelerated knee osteoarthritis had any evidence of incident lateral
meniscal tears. These findings support a hypothesis that a lateral meniscal pathology that
alters the contact pressures in the compartment may lead to accelerated knee osteoarthritis
and that rapid changes are not just limited to knees treated with partial lateral meniscectomy.
Interestingly, two out of four knees with an incident lateral meniscal tear were among
individuals who failed to report a knee injury. This may make it challenging to detect this at
risk population and highlights the need to carefully evaluate a patient who reports incident
lateral joint line pain.

Two other unique findings among knees with accelerated osteoarthritis were subchondral
fractures and a suspected post-traumatic avascular necrosis. All three knees with incident
subchondral bone damage were among individuals who reported a knee injury. Three
subchondral fractures were associated with a radial tear in the same tibiofemoral
compartment. The other subchondral fracture was associated with a radial tear and a tibial
collateral ligament sprain. The case of avascular necrosis was associated with a severely
attenuated posterior horn of the lateral meniscus, large areas of full thickness cartilage loss,
bone attrition, subchondral cyst formation, osteochondral lesions and acute tendinitis. All
these cases demonstrate the complexity of these suspected injuries, which compromised the
structural integrity of multiple tissues.

While this study offers novel insights into the etiopathogenesis of accelerated knee
osteoarthritis it was limited because we could not acquire images immediately after an
injury. Since the current study was nested in a longitudinal cohort that collected imaging
each year it is unclear if some of these findings are related to progression rather than
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reflecting the damage originally caused by the injury. On the other hand, the OAI’s rich
imaging dataset provided an ideal opportunity to identify knees with accelerated
osteoarthritis, common osteoarthritis, and no osteoarthritis as well as to characterize incident
structural changes related with each group. The OAI will also facilitate a more
comprehensive analysis of accelerated knee osteoarthritis and how it relates to different
types of incident structural damage but in the current study we were limited in sample size
due to the burden of doing readings. We opted to use clinical readings instead of
semiquantitative scoring systems because clinical readings allowed us to detect findings that
are often not scored (e.g., subchondral fractures, avascular necrosis). These thorough
readings and our focus on knees with well-defined change from before to after a suspected
injury enabled us to offer strong evidence despite the limited sample size. It will be
informative for future studies to build on these novel findings with larger sample sizes as
well as semi-quantitative and quantitative measures of cartilage, bone, and meniscal changes
over time. While we acknowledge the limitations of not having imaging immediately after
an injury, the limited sample size, and the homogenous sample we believe these findings are
noteworthy because they may have an immediate impact on how we handle adults without
osteoarthritis who report a recent injury.

Our study highlights that among adults without knee osteoarthritis we must be concerned
when a patient reports an injury. These patients should be carefully screened for evidence of
meniscal pathology with extrusion and/or change in shape, lateral meniscal tear, or
subchondral damage. Unfortunately, a disease-modifying therapy remains elusive for
osteoarthritis, let alone for accelerated knee osteoarthritis, but this may highlight the
importance of therapeutic approaches that target meniscal pathology or subchondral bone
damage. In the meantime, patients that present with these high-risk findings should be
advised to reduce their other risk factors for osteoarthritis (e.g., high body weight).
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Figure 1.
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Figure 2.
Example of a knee with accelerated knee osteoarthritis and a self-reported injury between

the 0-month and 12-month visit. The knee developed a subchondral medial femoral fracture,
medial radial tear with moderate extrusion, and moderate effusion.
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