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What has imaging contributed to the epidemiological
understanding of osteoarthritis?
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Osteoarthritis

Osteoarthritis (OA) is a leading cause of disability among the
elderly. Knees and hips are most commonly affected; OA also
occurs in the hands, shoulders, spine, and other joints. Symp-
tomatic OA is defined by the American College of Rheuma-
tology as a heterogeneous group of conditions that lead to
joint symptoms and signs, which are associated with the
defective integrity of articular cartilage, in addition to related
changes in the underlying bone at the joint margins [1, 2]. OA
is differentiated into primary (idiopathic) and secondary
(caused by a known medical condition or event) [1]. Clinical
symptoms (pain, stiffness, and limited function) and radio-
graphic features are frequently discrepant, particularly in the
knee [3], shoulder [4], hand [5], and hip joint [6]. Most studies
define OA status and outcome with imaging findings only [7,
8]. The goal of this review is to explore the contributions of
imaging to the epidemiological understanding of OA, given
the recent advancement in imaging technologies.

Large cohort studies

There are several longitudinal cohort OA studies that include
extensive imaging data. Most focus on the knees and/or hips.
A few of the largest studies (in terms of imaging data) are the
OA Initiative (OAI) (http://oai.epi-ucsf.org) [9], the
Framingham OA Study [10–12], the Multicenter OA Study
(MOST; http://most.ucsf.edu/), and the Boston Osteoarthritis
of the Knee Study (BOKS; [13]). The Osteoporotic Fractures
in Men Study (MrOS; [14]) and the Study of Osteoporotic
Fractures for Women (SOF; http://sof.ucsf.edu/) both
analyzed measures of OA as secondary aims. Other studies
include the Beijing [15], NHANES [16], COPCORD [17],
Wuchuan [18], and the ESORDIG [19] OA studies.

Imaging techniques

Conventional radiography is the current gold standard for OA
diagnosis. It is commonly assessed using semi-quantitative
scoring systems such as the Kellgren and Lawrence (K/L),
Croft, and OARSI classifications. These systems grade joint
space narrowing, osteophytes, and other radiographic fea-
tures. Other radiographic techniques measure risk factors such
as knee alignment or hip femoro-acetabular impingement.
Novel quantitative approaches (trabecular structure, shape
modeling, fractal signature analysis) aim to complement gold
standard techniques to better detect or monitor disease using
new software tools.

Ultrasound and scintigraphy have only limited application
in OA. MRI provides most detailed information on pre-
symptomatic and pre-radiographic changes and other associ-
ated joint pathologies [20]. These MRI findings are associated
with onset of knee symptoms, OA progression, and total knee

P. M. Jungmann : T. M. Link
Musculoskeletal and Quantitative Imaging Research, Department of
Radiology and Biomedical Imaging, University of California
San Francisco, 185 Berry Street, Suite 350,
San Francisco, CA 94107, USA

F. Liu
Department of Epidemiology and Biostatistics, University of
California San Francisco, 185 Berry Street, Suite 5700,
San Francisco, CA 94107, USA

P. M. Jungmann (*)
Department of Radiology, Technical University of Munich,
Ismaninger Strasse 22, 81675 Munich, Germany
e-mail: pia.jungmann@tum.de

Skeletal Radiol (2014) 43:271–275
DOI 10.1007/s00256-013-1783-4

http://oai.epi-ucsf.org/
http://most.ucsf.edu/
http://sof.ucsf.edu/


arthroplasty [21]. Therefore, the OA Research Society Inter-
national (OARSI) recommended complementary MRI in clin-
ical trials [22]. MR sequences, which have been used for
clinical imaging and in clinical trials include intermediate-
weighted (IW) 2D fast spin-echo (FSE) sequences, 3D dual-
echo in steady state (DESS) sequences with selective water
excitation (WE), and 3D T1-weighted fast low-angle shot
(FLASH) sequences. Studies have reported benefits from
contrast-enhanced sequences for evaluating synovitis (MOST)
[23]. Other advanced sequences can suppress artifacts from
foreign bodies or from motion. Recent increases in magnetic
field strength have also improved image quality. Imaging with
3.0-T scanners provides substantial gain in signal and spatial
resolution compared with 1.5-Twhole-body and 1.0-T extrem-
ity scanners. Possible improvements from 7.0-T scanners are
currently being explored. Semi-quantitativeWhole OrganMag-
netic Resonance Imaging Score (WORMS) is a reliable, spe-
cific and sensitive score for morphological analysis of the knee
[13]. Alternative semi-quantitative analysis scores include the
Knee Osteoarthritis Scoring System (KOSS; [24]), the Boston-
Leeds Osteoarthritis Knee Score (BLOKS; [25]), and the MRI
Osteoarthritis Knee Score (MOAKS; [26]). The various scores
do not complement one another and cross-study comparisons
are problematic. Semi-quantitative assessment is also complex,
which limits the exact assessment of disease burden and pro-
gression. Quantitative scores were therefore developed; the
cartilage lesion (CAL) score uses measurements of cartilage
lesions in three dimensions (OAI; Radiology 2013, in press),
and other techniques focus on the quantification of cartilage
matrix quality with special sequences (see below). These new
sequences may detect degenerative changes earlier, observe
progression within shorter time intervals and may also be
helpful for outcome analyses post-surgery (such as cartilage
repair or ligament reconstruction), but they are technically
challenging and require specialized, time-consuming analysis
algorithms.

Structural changes in OA and clinical significance

Assessment of OA is largely the evaluation of joint structures,
particularly the articular cartilage, meniscus, bone marrow
lesions (BML), ligaments, synovia, effusion, and cysts. Mor-
phological knee cartilage lesions detected on MRI are associ-
ated with clinical symptoms, but reported correlations are
inconsistent [27]. Cartilage thickness, volume, and surface
are also used as outcome parameters given recent improve-
ments in segmentation, analysis techniques, and atlases. Some
studies include biochemical intrasubstance cartilage parame-
ters: T2 relaxation time sequences, T1ρ relaxation time mea-
surements, delayed gadolinium-enhanced MRI (dGEMRIC)
[28], diffusion imaging, magnetization transfer analysis, and
sodium MRI [29]. High and heterogeneous (texture analysis)

T2 values correlate with—and precede—morphological de-
generation and clinical symptoms [30].

The meniscus is involved in symptom genesis and is a
major risk factor for other structural changes once abnormal
or resected (OAI) [31]; therefore, meniscus abnormality is
used as an outcome measure (MOST). Incidental meniscal
findings (tears, extrusion, cysts, etc.) are common and in-
crease with age and K/L grade (Framingham). Recently im-
proved quantitative analysis techniques include meniscal
shape, volume, position, MR signal intensity, T1ρ, and T2

relaxation.
Pathological conditions of the anterior cruciate ligament

(ACL), posterior cruciate ligament, collaterals, and other lig-
aments are significant risk factors. The incidence of ACL tears
in OA patients is especially high; interestingly, tears do not
influence short-term knee pain or function [32]. Even after
ACL reconstruction, patients often suffer from continuing
degeneration of the knee owing to rotational instability (which
can be evaluated with kinematic MRI under loading) [33].

Similar to cartilage, subchondral bone marrow assessment
shows abnormalities, which can be quantified. Subchondral
bone marrow changes (bone marrow edema pattern/bone
marrow lesions (BMLs) and cysts) are often assessed. Among
all the joint abnormalities described, BMLs are associated
most closely with clinical symptoms, disease progression,
and joint replacement incidence; BMLs also have the ability
to naturally decrease ([34, 35]; Tasmanian; Framingham;
MOST). In addition, bone shape, surface area, denuded area,
deformity, trabecular architecture (osteoporotic bone and bone
mineral density) measures have been developed to better
characterize OA (MrOS; SOF; OAI).

Lastly, joint effusion and synovitis may be associated with
symptomatic OA and pain (OAI, MOST, BOKS). A synovitis
scoring system to identify painful knees was proposed in
contrast-enhanced MRI, but synovial analysis techniques are
lacking (MOST).

Independent associations of these structures with OA sug-
gest that clinical OA symptoms might be multifactorial. Many
pathological structures are OA risk factors, but concurrently
define radiographic OA status. Certain combinations of struc-
tural pathological conditions may possibly better characterize
OA risk and progression.

Other risk factors

Some major risk factors are non-modifiable, but strongly
correlated. Women are at a higher risk of knee, but not hip
OA. The distribution of locations within affected joints also
differs by sex. Age is an important non-modifiable risk factor.
Post-traumatic deformities, congenital abnormalities, and bio-
mechanical abnormalities may contribute to early OA. Greater
knee height, causing greater moment arms and mechanical

272 Skeletal Radiol (2014) 43:271–275



forces around the knee, and patellar malalignment also in-
crease risk (Beijing; BOKS; MOST). For assessing varus or
valgus malalignment, which results in compartment-specific
OA, the gold standard is full limb radiography, although
recently it has been shown that alignment can also be estimat-
ed from standing knee X-rays. New techniques of subject-
specific biomechanical modeling applying finite element anal-
ysis identified increased contact stress prior to the develop-
ment of OA. Novel techniques focus on correcting the abnor-
mal contact stresses, but currently lack convincing evidence.

Most modifiable factors are effective at reducing OA risk,
but require patient contribution. Obesity or fat mass and high
physical activity (repetitive joint overuse, knee bending, and
squatting) are the main modifiable risk factors (Framingham;
Chingford; HANES; Rotterdam;MOST; OAI;Wuchuan; Bei-
jing) [36]. Muscle strength and volume, as measured by
improved techniques, are associated with knee abnormalities
(OAI; Beijing;MOST). VitaminD and vitaminC serum levels
correlate with OA findings (SOF; Framingham; BOKS). Al-
though smoking slightly decreases OA risk, it increases lon-
gitudinal cartilage loss (Framingham) [36]. Lastly, alcohol
consumption has no visible influence.

Genetic risk factors may involve genes such as COMP,
collagen 2A1, vitamin D receptor genes, and N-telopeptide
crosslinks may all play a role (Rotterdam; SOF; BOKS).
Large cohort studies observe geographic trends, but the deter-
minant factors (race, lifestyle, environment) are unknown.
The prevalence of hip abnormalities, hip OA, and hand OA
in China was lower than in the United States, but lateral knee
OA prevalence in particular is higher (Beijing, Framingham).

Prevalence

Although imaging techniques and imaging-based treatment
options have rapidly improved and are now more cost-
effective, the economic costs of OA are paradoxically rising.
Lifetime risk of joint replacement has increased owing to
increasing OA prevalence (NHANES; Framingham) [37–39].
Hardware and surgery improvements have widened the eligible
age range for joint replacements [40]. However, it is dependent
on socio-economic circumstances [37, 40]. While the incidence
of joint replacements can be assessed, the epidemiology of OA
is harder to define and becomes increasingly complexwith new,
more sensitive imaging techniques. Plain radiographs still re-
main the gold standard [1], likely in part because of the com-
plexity of novel imaging [41]. An MRI definition of OA has
been described, but requires validation [41]. Asymptomatic
subjects without radiographic OA frequently show signs of
degenerative changes in morphological MRI [42]; quantitative
measures are even predictive of morphological joint degenera-
tion in cartilage, meniscus, and bone marrow (Framingham;
OAI) [43, 44]. Treatment of early changes may influence the

epidemiology of advanced OA secondarily. But an exact defi-
nition of early OA is still lacking [45]. Currently, approximately
10% of the adult population in the USA have symptomatic OA
[46]. In the Framingham cohort radiographic hand OA was
found in about 40 % of subjects aged >40 years [47], while
radiographic knee OAwas found in about 28 % (16 % symp-
tomatic) of subjects >45 years in the Johnston County Osteo-
arthritis Project [48]. Another study from the Johnston
County Osteoarthritis Project reported that 28 % of the
population had radiographic hip OA (10 % symptomatic)
[49]. Prevalence of mild to severe radiographic OA of the
glenohumeral joint was found in about 5 % of older
Korean individuals [50].

Conclusions

Osteoarthritis research studies provide large imaging datasets
that have contributed greatly to a better understanding of the
epidemiology of degenerative joint disease, in particular in
relation to:

1. The role of structural abnormalities, their interaction and
evolution

2. Biomechanical, structural, systemic, genetic, nutritional,
and geographic risk factors

3. Prediction of OA and longitudinal progression
4. Clinical symptoms and outcomes

New imaging techniques are able to better identify and
monitor biochemical and quantitative degenerative changes
in relation to structural risk factors. Early OA is still not
sufficiently defined, but the discrepancy between imaging
and clinical findings has been reduced. Rising economic costs
underline the importance of further investigation and of
implementing detection and risk reduction strategies. Apart
from developing population-based strategies, imaging im-
provements potentially allow for early, even tissue-specific
prevention, intervention, monitoring, and targeting of specific
individual changes.
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