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Abstract
Background: The clinical use of minimum joint space width (mJSW) and cartilage volume and thickness
has been limited to the longitudinal measurement of disease progression (i.e. change over time) rather than
the diagnosis of OA in which values are compared to a standard. This is primarily due to lack of
establishment of normative values of joint space width and cartilage morphometry as has been done with
bone density values in diagnosing osteoporosis. Thus, the purpose of this pilot study is to estimate
reference values of medial joint space width and cartilage morphometry in healthy individuals of all ages
using standard radiography and peripheral magnetic resonance imaging.

Design: For this cross-sectional study, healthy volunteers underwent a fixed-flexion knee X-ray and a
peripheral MR (pMR) scan of the same knee using a 1T machine (ONI OrthOne™, Wilmington, MA).
Radiographs were digitized and analyzed for medial mJSW using an automated algorithm. Only knees
scoring ≤1 on the Kellgren-Lawrence scale (no radiographic evidence of knee OA) were included in the
analyses. All 3D SPGRE fat-sat sagittal pMR scans were analyzed for medial tibial cartilage morphometry
using a proprietary software program (Chondrometrics GmbH).

Results: Of 119 healthy participants, 73 were female and 47 were male; mean (SD) age 38.2 (13.2) years,
mean BMI 25.0 (4.4) kg/m2. Minimum JSW values were calculated for each sex and decade of life. Analyses
revealed mJSW did not significantly decrease with increasing decade (p > 0.05) in either sex. Females had
a mean (SD) medial mJSW of 4.8 (0.7) mm compared to males with corresponding larger value of 5.7 (0.8)
mm. Cartilage morphometry results showed similar trends with mean (SD) tibial cartilage volume and
thickness in females of 1.50 (0.19) μL/mm2 and 1.45 (0.19) mm, respectively, and 1.77 (0.24) μL/mm2 and
1.71 (0.24) mm, respectively, in males.

Conclusion: These data suggest that medial mJSW values do not decrease with aging in healthy individuals
but remain fairly constant throughout the lifespan with "healthy" values of 4.8 mm for females and 5.7 mm
for males. Similar trends were seen for cartilage morphology. Results suggest there may be no need to
differentiate a t-score and a z-score in OA diagnosis because cartilage thickness and JSW remain constant
throughout life in the absence of OA.
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Background
Osteoarthritis (OA) is the most common joint disorder
and is responsible for substantial economic, social and
psychological costs. While the prevalence of OA is varia-
ble based on how the disease is defined, it has been said
that the majority of individuals over the age of 65 years
living in the western world demonstrate radiographic evi-
dence of disease [1-3]. Conventional radiography has
been, and continues to be, the primary imaging modality
used in the evaluation of OA, both in terms of diagnosis
and monitoring of disease progression. In the knee joint,
osteoarthritic features visible on radiographs include joint
space narrowing, osteophytosis, subchondral osteosclero-
sis and subchondral cysts.

The measurement of the separation between the distal
femur and the proximal tibia, joint space width (JSW), has
become the standard tool for the assessment of knee OA
progression [4]. Both the fluoroscopic and non-fluoro-
scopic acquisition of radiographs have allowed for the
evaluation of JSW revealing good precision of measure-
ment [5-9]. Standard X-rays acquired using the non-fluor-
oscopic fixed-flexion technique can be as reproducible as
fluoroscopic techniques (root-mean-square standard
deviation = 0.1 mm) with the added advantages of lower
costs and considerably less radiation dose [9,10],
although they have been shown to be less sensitive to
change in knee OA patients than the Lyon-Schuss fluoro-
scopic technique [11]. Also, it has been shown that the
reproducibility of measurement of minimum joint space
width (mJSW) is better when using an automated compu-
ter algorithm as compared to manual methods such as a
hand-held lens [9,10,12,13].

Cartilage thinning is the signature feature of knee OA and
JSW measurements should be an indirect measure of the
articular cartilage thickness in the joint. The emergence of
magnetic resonance imaging as an important tool in the
visualization of articular cartilage together with dedicated
image analysis software permits one to quantify cartilage
volume and thickness directly [14-19].

Despite the advances in techniques used to evaluate joint
space width and cartilage volume and thickness, their use
in clinical studies has been limited to the longitudinal
measurement of disease progression (i.e. change over
time) rather than the diagnosis of OA in which values are
compared to a standard as has been done in the diagnosis
of osteoporosis where there are age dependent normal
values of bone mineral density [20-23]. The potential for
age dependent normal values of mJSW and cartilage mor-
phometry may also be the case, as investigated here. In
addition, since joint space width measures are thought to
be a surrogate measure of cartilage thickness, one might
hypothesize that these variables are correlated with one

another. Although one study investigating the relation-
ship between these variables has been previously con-
ducted in osteoarthritic individuals, the strength of this
relationship has not been explored in healthy individuals.
A healthy reference is needed in order to determine how
these relationships compare or change under osteoar-
thritic conditions. Thus, the purpose of this pilot study
was to estimate reference values of medial minimum joint
space width and cartilage morphometry in healthy males
and females between the ages of 20 and 69 years using
standard radiography and peripheral magnetic resonance
imaging (pMRI) and to further investigate the correlation
between medial tibial cartilage thickness and medial min-
imum joint space width.

Methods
Healthy volunteers between 20 and 69 years of age with
no known bone or joint disease were recruited to undergo
a knee X-ray and a peripheral magnetic resonance scan of
the same knee via locally posted advertisements and word
of mouth. Individuals were asked to respond to the adver-
tisements by telephone and were posed a number of
screening questions to ensure that study inclusion and
exclusion criteria were met. Those excluded from partici-
pating (N = 8) were those who a) stated they were cur-
rently experiencing knee pain, b) stated they had been
previously diagnosed with a bone or joint disease (i.e.
rheumatoid arthritis, osteoporosis), or c) had previously
sustained a knee injury and/or had undergone any knee
surgery (i.e. arthroscopy, menisectomy, etc.). Only those
with radiographically normal X-rays were included in the
analyses. All participants were required to sign a consent
form that had been approved by the Research Ethics Board
at St. Joseph's Healthcare. In addition to completing the
study consent form, individuals were required to com-
plete a questionnaire which asked questions pertaining to
his/her medical history, medications and exercise activity.

Plain X-ray
Study participants underwent a single knee X-ray of the
non-dominant knee acquired in the fixed-flexion position
[9,10]. In this position, participants are required to stand,
with their weight distributed equally between their legs,
on a piece of cardboard such that both great toes are
touching the vertical X-ray table and feet are externally
rotated by approximately 10°. Both feet are traced onto
cardboard should the foot map be needed for use in suc-
cessive X-rays. Facing the vertical X-ray table and holding
the sides for balance and support, subjects are asked to
bend their knees slightly such that both their patellas and
thighs are pressed tightly against the table. In doing so, the
position of the femur and tibia are fixed, and thus, so is
the degree of knee flexion. The posteroanterior X-ray
beam is directed parallel to the tibial plateau at a 10° cau-
dal beam alignment.
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Radiographs were graded independently by two muscu-
loskeletal radiologists according to the Kellgren-Lawrence
(K-L) scoring system [24]. This grade was used to confirm
or refute the presence of knee OA. Those assigned a grade
of 0 or 1 on the scale were included. Individuals whose X-
rays scored ≥ 2 on the K-L scale were excluded from the
analyses because they had evidence of knee OA.

X-ray films were subsequently digitized using a Sierra
plus™ digitizer (Vidar Systems Corporation, Herndon, VA,
USA) at an isotropic pitch of 84.7 μm and a 12 bit grey
scale resolution. The digitized images were further ana-
lyzed for mJSW in the medial compartment of the knee
using a automated computer algorithm, details of which
have been described previously [12]. The reproducibility
of this analysis technique has been shown to be very good
(RMSSD = 0.15 mm; CV = 3.31% in healthy individuals).
An analyzed radiograph is depicted in Figure 1. This pro-
gram delineates the bony margins of the femoral condyles
and the tibial plateau. In approximately 3% of radio-
graphs analyzed for mJSW, user intervention was required
to slightly alter the delineations drawn by the computer
algorithm.

pMRI
Peripheral MR scans were acquired using a 1.0 Tesla
peripheral MRI (pMRI) system (OrthOne™, ONI Inc.,
Wilmington, MA, USA). Subjects were seated in the scan-
ning chair with their knee fully extended and centred
within the iso-centre of the 180 mm removable quadra-
ture volume transmit-receive coil. Padding was placed
around the knee, thigh and leg to limit the potential for
movement inside the magnet. All study participants were
positioned and scanned by the same technologist.

Sagittal gradient-echo and axial fast spin-echo localizer
scans were performed (total scan time 2–3 minutes). Fol-
lowing this, a fat-saturated spoiled gradient recalled
acquisition in the steady state (SPGR) was performed in
the sagittal plane using the following parameters: TR 60
ms; TE 12.4 ms (or minimum); flip angle 40°; bandwidth
30 kHz; matrix 512 × 256 (frequency × phase); 1 excita-
tion; field of view 150 mm; slice thickness 1.5 mm; 56 to
64 partitions depending on patient size; scan time 15–16
minutes. Images were transferred to an independent
workstation where they were saved in DICOM format.
Upon completing the acquisition of all images, one
trained technician conducted analyses to quantify the car-
tilage morphology of the medial tibia (MT) using a repro-
ducible, validated proprietary segmentation software
program (Chondrometrics GmbH, Ainring, Germany)
[25-29]. Cartilage segmentation was conducted on a slice-
by-slice basis (number of slices was dependent upon
patient size) by manual tracing the bone-cartilage inter-
face and the cartilage surface of the entire MT [25,26]. This
segmentation algorithm has previously been validated in
the pMRI [26]. After segmenting all MT plates, images
were reviewed a second time for the purposes of quality
assurance and adjustments in segmentation were made if
deemed necessary. Total volume of MT cartilage (VC), car-
tilage volume normalized to medial tibial bone size
(VCtAB), and cartilage thickness over the total area of
medial tibial subchondral bone (ThCtAB) were computed
[25,30]. An example of a single slice of segmented MT car-
tilage is shown in Figure 2.

A digitized radiograph analyzed for minimum joint space width using an automated computer algorithm (medial com-partment on left)Figure 1
A digitized radiograph analyzed for minimum joint space 
width using an automated computer algorithm (medial com-
partment on left).

Medial tibial cartilage segmented from a single sagittal slice of an MR image acquired from a healthy kneeFigure 2
Medial tibial cartilage segmented from a single sagittal slice of 
an MR image acquired from a healthy knee.
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Results
In total, 119 healthy individuals with no history of knee
pain or injury and without a bone or joint disease agreed
to participate in the X-ray portion of the study. Of these,
73 were female and 46 were male and all but 3 were Cau-
casian. Demographic data are presented in Table 1.

K-L grading of X-rays revealed that, of the women, 49 had
radiographic scores of 0 while the remaining 24 had
scores of 1. Grading for males revealed that 31 had K-L
scores of 0 and 15 had a score of 1. Of the 119 individuals
who participated in the X-ray portion of the study, 86 also
underwent a pMRI scan of the same knee, 50 of whom
were female and 36 of whom were male. It should be
noted that the mean age and BMI of individuals who
received pMR scans was very similar to the entire study
population (mean age 38.3 yrs, mean BMI 25.3 kg/m2)
suggesting that results may be generalizable to the overall
study group.

Subjects were subdivided according to decade of life for
the analysis of mJSW, thus treating age as a categorical var-
iable. The purpose of doing so was to determine if there
was an identifiable decade where initial changes (i.e.
decreases) in mJSW could be detected. In addition, other
groups performed analyses by age decades thus allowing
comparisons to be made between studies [31-33]. The
mean (SD), range, minimum and maximum mJSW data
for each of these age groups were calculated and are pre-
sented in Table 2.

The descriptive statistics do not appear to show any differ-
ences in mean mJSW values between decades in either
males or females. In fact, these cross-sectional data suggest
that a mean (SD) "normal" value of mJSW for healthy
women is 4.8 (0.7) mm while in healthy men this value is
larger at 5.7 (0.8) mm. This was supported by results from
an ANOVA analysis in which no significant differences in
mJSW were found between age groups in either men or
women even after considering BMI as a covariate (p >
0.05). The only significant difference identified was that
between genders where an ANOVA analysis performed
with BMI, age and gender as covariates revealed that males
have significantly larger mJSW values than females (p <
0.05).

Analyses were repeated with age as a continuous rather
than a categorical variable with age, BMI and gender con-
sidered independent variables. While age and BMI were
not predictive of mJSW, gender was again found to be sig-
nificant with healthy males having significantly larger
mJSW values compared to healthy females (β regression
coefficient = 0.84, p < 0.001).

Cartilage analyses were also conducted in an attempt to
determine "normal" cartilage volume and thickness val-
ues in healthy males and females of different age groups.
These data are presented in Table 3. The mean (SD)
medial tibial cartilage volume normalized to the area of
subchondral bone was 1.50 (0.19) μL/mm2 in females
while in males it was 1.77 (0.24) μL/mm2. Corresponding
mean values for cartilage thickness over the entire bone
surface were 1.45 (0.19) mm and 1.71 (0.24) mm in
females and males, respectively.

Just as with mJSW values, medial tibial cartilage volume
and thickness data did not appear to differ significantly
between age groups for healthy males or females. This
observation was confirmed by ANOVA analyses which
revealed no significant differences in VCtAB or ThCtAB
values between different age groups (p > 0.05). However,
significant differences were found between genders with
males consistently having thicker cartilage than their
female counterparts.

While investigating the relationship between medial tibial
cartilage morphometry and age as a continuous variable
in males, the relationship did not change from that con-
sidering age as a categorical variable. Regression analyses
with BMI as a covariate showed that medial tibial cartilage
volume, normalized to bone area, and thickness did not
decrease significantly with age (p > 0.05). However, this
was not the case for females. Both cartilage volume and
thickness in the medial tibia appeared to decrease with
ageing showing standardized regression coefficients of -
0.41 (p = 0.008) and -0.37 (p = 0.015), respectively.

Analyses were also conducted to investigate the relation-
ship between medial tibial cartilage morphometry and
medial mJSW, since mJSW is considered to be a surrogate
measure of cartilage thickness. Between cartilage volume
(VC) and mJSW, correlation analyses revealed a correla-
tion coefficient of 0.67 while the correlation between
VCtAB and mJSW was 0.69 and the correlation between
ThCtAB and mJSW was also 0.69. These results suggest
that approximately 47% of the variation in mJSW can be
explained by the variation in cartilage thickness of the
medial tibia.

Table 1: Study population demographic statistics

N (females) 119 (73)
Age (SD) (yrs) 38.2 (13.2)
BMI (SD) (kg/m2) 25.0 (4.4)
K-L grades (N):

0 80
1 39
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Discussion
The primary purpose of establishing normal values of
mJSW in a healthy population of males and females is to
provide age-specific references to which osteoarthritic val-
ues can be compared. In addition, it is important to deter-
mine if mJSW values appear to decrease with age in a
healthy population or if, indeed, this is characteristic of
only those affected by knee OA. We also investigated the
correlation between mJSW and medial tibial cartilage
morphometry in this healthy population. Results of this
pilot study appear to suggest that mJSW values are not sig-
nificantly different between younger and older individu-
als without radiographic evidence of OA as shown by
mean (SD) values of 4.8 (0.7) mm and 5.7 (0.8) mm in
females and males, respectively. Individuals included in
these analyses were those with K-L grades of 0 and 1 as
was the case in a recent study by Conrozier et al. [5]. While
it may be argued that a K-L grade of 1 may correspond to
early OA, the definition of this categorization states the
doubtful presence of osteophyte without regard for joint
space narrowing. This would support the notion that car-
tilage thickness measurements would not be affected by
the inclusion of those with K-L grade 1. To verify this,
additional analyses including only those with K-L grades
of 0 (grade 1 excluded) were performed and results did

not differ significantly from those which included both K-
L grades 0 and 1.

Results from this study suggest that there is no identifiable
decade of life when one might expect joint space width to
narrow. When considered as a continuous variable, age
was not found to be significantly related to mJSW in either
males or females again supporting the notion that joint
space narrowing may not simply be a consequence of
aging. To confirm this, however, we recognize that a lon-
gitudinal study collecting data over decades would be
required and therefore was not feasible at this point in
time.

Despite the fact that there are few studies which are longi-
tudinal in nature, there are a few cross-sectional studies
which have investigated the relationship between JSW
measurements and age with methodologies slightly differ-
ent than the ones used in the present study. For example,
a study of healthy young adults 16–22 years of age
reported mean (SD) medial mJSW values of 4.74 (0.94)
and 5.65 (0.93) in females and males respectively, results
much like those of similar aged participants in this study
[34]. Also like our study, JSW values in 125 healthy indi-
viduals between 40 and 75 years of age were not found to
decrease with increasing decade of life with mean values

Table 2: mJSW data per sex and decade in healthy individuals

Age Group (yrs) N K-L Grade 0 (%) Mean (mm) SD (mm)

Females 20 – 29 22 91 5.06 .56
30 – 39 15 80 4.62 .66
40 – 49 14 43 4.84 .69
50 – 59 17 47 4.75 .93
60 – 69 5 60 4.61 .44

Males 20 – 29 18 89 5.55 .51
30 – 39 13 46 5.76 .71
40 – 49 7 86 5.35 1.08
50 – 59 6 33 5.43 .71
60 – 69 2 50 5.41 .56

Table 3: Medial tibial cartilage data per sex and decade in healthy individuals

Age Group (yrs) N Mean (SD)
VCtAB (μL/mm2)

Mean (SD)
ThCtAB (mm)

Females 20 – 29 13 1.52 (0.15) 1.45 (0.14)
30 – 39 11 1.60 (0.25) 1.54 (0.24)
40 – 49 11 1.49 (0.16) 1.44 (0.15)
50 – 59 11 1.42 (0.20) 1.38 (0.19)
60 – 69 4 1.40 (0.12) 1.35 (0.11)

Males 20 – 29 13 1.78 (0.28) 1.71 (0.27)
30 – 39 11 1.78 (0.26) 1.73 (0.28)
40 – 49 3 1.67 (0.23) 1.61 (0.24)
50 – 59 6 1.82 (0.18) 1.75 (0.13)
60 – 69 2 1.85 (0.19) 1.80 (0.14)
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ranging from 4.6 – 5.0 mm in females and 5.0 – 5.5 mm
in males [31]. In both of these studies, males were gener-
ally found to have larger JSWs compared to females,
results which are also consistent with those reported here
[31,34]. In contrast, studies conducted by Dacre et al. and
Sargon et al. showed that JSW decreased with increasing
age group, although both of these studies were cross sec-
tional in nature and methodological differences existed
including X-ray acquisition technique (weight bearing vs.
non-weight bearing), joint space analysis (manual vs.
automated, joint space area (mm2) vs. mJSW [33]) and
the symptomatic nature of patients [32,33]. While our
results and those of other cross-sectional studies of
healthy individuals suggest mJSW values remain constant,
other results suggesting the opposite justify the need for
large-scale, cross-sectional and longitudinal population-
based data of healthy individuals acquired using the most
reproducible techniques [22,35].

Although there is a paucity of radiographic data from
healthy individuals conducted over time, a study con-
ducted by Conrozier et al. examined longitudinal changes
in mJSW in individuals reporting chronic knee pain (>3
months) but lacking radiographic evidence of knee OA
(K-L grade ≤ 1), as was considered in the present study.
These authors reported a mean (SD) annual rate of joint
space narrowing of 0.05 (0.22) mm [5]. However, the
symptomatic nature of the participants may be indicative
of cartilage lesions that may not be radiographically
detectable, as reported by Ding et al. in patients with K-L
grade 1, thereby questioning the status of this sample as a
"healthy" population [36]. In addition, this study did not
report whether this change was statistically significant
from baseline to one-year follow-up. In fact, such small
changes in joint space width are often within the range of
reproducibility error of measurement [5].

Other studies of medial JSW values in healthy individuals
have reported average values for the entire populations
under investigation but have not analyzed these measure-
ments as they varied with age or sex [32,37]. Dacre et al.,
for instance, reported the mean medial JSW acquired from
non-weight-bearing radiographs to be 5.73 (0.15) mm in
females and 7.03 (0.12) mm in males, results which are
17% and 19% larger than those of the present study,
respectively [33]. However, joint space width values
acquired from non weight-bearing X-rays may be larger
than those acquired from weight-bearing ones, suggesting
that these results may, indeed, be consistent with those of
the present study [38].

Given that mJSW is a surrogate measure of cartilage thick-
ness, one would hypothesize that these variables would
be correlated with one another. However, it is widely
understood that joint space width measurements reflect

only a thickness measure at one specified location in the
joint and may include tissues such as menisci and syno-
vial fluid, findings that are supported by previously pub-
lished studies [39-44]. Our results revealed that the
variance in medial tibial cartilage thickness, normalized
to bone area, can explain less than half of the variation in
medial mJSW. It must be noted here, however, that
medial femoral cartilage thickness was not analyzed in
this study population. This variable would certainly also
account for some of the variation in joint space, although
cartilage thickness in one plate is not highly correlated
with cartilage in another plate [45]. Analyses previously
conducted in an osteoarthritic population where both
medial femoral and tibial cartilage were examined sug-
gested the variation in cartilage thickness accounted for
54% of mJSW [46].

The issue of whether sex and age are significantly related
to cartilage volume and thickness has been the subject of
many studies [47-51]. Mixed results have been reported
with respect to gender differences in cartilage volume and
thickness, although our results revealed that males have
significantly larger mean tibial cartilage volume and thick-
ness just as was the case with mJSW. Similarly, studies by
Faber et al. and Cicuttini et al. reported significantly larger
mean cartilage volume values in healthy males compared
to healthy females [49,51-53]. While Cicuttini et al. also
reported significantly larger medial tibial cartilage thick-
ness values in males of the same population, although
thickness was not assessed directly but calculated as vol-
ume per unit area, Faber et al. did not find such significant
differences in thickness between genders [49,51,53]. For
instance, in our study, men had 18% more medial tibial
cartilage thickness compared to women while Faber dem-
onstrated that men had 13.3% thicker cartilage than
women, although this difference was not statistically sig-
nificant. Discrepancies in results from these studies likely
exist because of differences in sample populations (i.e.
age, definition of "healthy") and the relatively small sam-
ple size.

In the current study, in contrast to results investigating age
as a categorical variable, increasing age (as a continuous
variable) was found to be associated with less cartilage
volume normalized to total bone area (β = -0.41) and
thickness (β = -0.37) in females after adjusting for BMI.
Such age-related differences in medial tibial cartilage vol-
ume and thickness were not observed in males. While this
may be related to the relatively small number of healthy
males over 50 years of age in our study sample, it is also
possible that inconsistencies between males and females
may be related to hormonal changes which occur during
menopause of which there are no comparable changes
that occur in men. This is similar to the BMD findings in
osteoporosis [54,55]. Other cross-sectional studies which
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have investigated the relationship between age and carti-
lage volume and thickness have shown inconsistent
results with one reporting a significant decrease in medial
cartilage thickness, but not volume, with age [56], while
another reports no significant changes in tibial cartilage
thickness with age [22]. However, one should be cautious
about the interpretation of these results since these data
are cross-sectional in nature and do not reflect changes in
a single person over time but comparisons between differ-
ent individuals.

Three studies have reported longitudinal changes in carti-
lage volume for healthy individuals and have shown that
cartilage volume does, indeed, decrease with aging
[54,57,58]. In healthy males (N = 28, mean age 52 years),
the mean annual reduction in tibial cartilage volume was
found to be 2.8% (95% CI = 0.2% to 5.5%) [54]. In
healthy postmenopausal females, the average annual
decrease in total tibial cartilage volume was similar at
2.4% (3.2%) [58]. What is notable in these two studies is
the mean age of subjects being investigated was over 50
years. To this point, there is only one study investigating
longitudinal changes in a population including younger
adults. Ding et al. demonstrated a significant association
between age and loss of cartilage volume by approxi-
mately 1.5 – 4.2% per annum in individuals between the
ages of 26 and 60 years, with a higher rate of loss in
females as compared to males [47]. However, despite
these seemingly age-related declines, it is still plausible
that these values lie within what may be considered to be
a "normal" or "healthy" range.

It is important to recognize that there are a number of
methodological limitations to this study including the
small sample sizes, particularly in some age groups, the
cross-sectional nature of the data and the lack of medial
femoral cartilage analyses. Despite these limitations,
results suggest that mJSW values do not decrease with
increasing age group in males or females between the ages
of 20 and 69 years. This information may be helpful in
defining radiographic joint space width references for
comparison with those suspected of having knee OA.
These results also suggest that there is no defined decade
at which point joint space width decreases. Cartilage vol-
ume and thickness did not decrease with increasing age in
males as was the case with mJSW. However, the observa-
tion that cartilage volume and thickness decreased with
ageing in females may support the role of estrogen in car-
tilage physiology, although the exact mechanism remains
unknown. It is also possible that tissue other than medial
tibial cartilage may play a more significant role in joint
space narrowing than in males, although this has not yet
been shown.

Conclusion
The results of this cross-sectional pilot study investigating
the knees of healthy individuals suggest that mJSW meas-
ures from plain radiographs remain relatively constant
through the third to seventh decades of life. The lack of
significant declines associated with ageing also suggests
that mJSW values may be helpful for comparisons with
those suspected of having knee OA. In males, these results
are supported by cartilage volume and thickness data
which also remain fairly constant throughout the middle
ages. However, decreasing values of cartilage thickness
and volume in females over the ages suggest that discrep-
ancies with mJSW results may be due to tissue other than
medial tibial cartilage or another mechanism yet to be
fully elucidated.

Competing interests
Dr. Felix Eckstein is the founder and CEO of Chondromet-
rics GmbH. This is the company responsible for providing
the cartilage segmentation software that was used in this
study. There are no other conflicts of interest to mention.

Authors' contributions
KB, PB, JDA and CW conceived of the study, and partici-
pated in its design and coordination and helped to draft
the manuscript. JD assisted in the automated analyses of
the radiographs while MP and JO read and scored radio-
graphs using the Kellgren-Lawrence scale while FE assisted
in the cartilage morphometry analyses of the pMR images.
All authors read and approved the final manuscript.

Acknowledgements
The authors of the study would like to acknowledge the McMaster Institute 
for Applied Radiation Sciences and the Father Sean O'Sullivan Research 
Centre

References
1. Lawrence RC, Helmick CG, Arnett FC, Deyo RA, Felson DT, Giannini

EH, Heyse SP, Hirsch R, Hochberg MC, Hunder GG, Liang MH, Pille-
mer SR, Steen VD, Wolfe F: Estimates of the prevalence of
arthritis and selected musculoskeletal disorders in the
United States.  Arthritis Rheum 1998, 41:778-799.

2. Manek NJ, Lane NE: Osteoarthritis: current concepts in diagno-
sis and management.  Am Fam Physician 2000, 61:1795-1804.

3. Lawrence RC, Hochberg MC, Kelsey JL, McDuffie FC, Medsger TA Jr,
Felts WR, Shulman LE: Estimates of the prevalence of selected
arthritic and musculoskeletal diseases in the United States.
J Rheumatol 1989, 16:427-441.

4. Peterfy CG: Imaging of the disease process.  Curr Opin Rheumatol
2002, 14:590-596.

5. Conrozier T, Mathieu P, Piperno M, Favret H, Colson F, Vignon M,
Conrozier S, Vignon E: Selection of knee radiographs for trials
of structure-modifying drugs in patients with knee osteoar-
thritis: a prospective, longitudinal study of Lyon Schuss knee
radiographs with the definition of adequate alignment of the
medial tibial plateau.  Arthritis Rheum 2005, 52:1411-1417.

6. Mazzuca SA, Brandt KD, Buckwalter KA: Detection of radio-
graphic joint space narrowing in subjects with knee osteoar-
thritis: longitudinal comparison of the metatarsophalangeal
and semiflexed anteroposterior views.  Arthritis Rheum 2003,
48:385-390.

7. Buckland-Wright JC, Macfarlane DG, Jasani MK, Lynch JA: Quantita-
tive microfocal radiographic assessment of osteoarthritis of
Page 7 of 9
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9588729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9588729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9588729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10750883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10750883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2746583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2746583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12192261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15880526
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15880526
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15880526
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12571847
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12571847
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12571847
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7799359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7799359


BMC Musculoskeletal Disorders 2008, 9:119 http://www.biomedcentral.com/1471-2474/9/119
the knee from weight bearing tunnel and semiflexed stand-
ing views.  J Rheumatol 1994, 21:1734-1741.

8. Mazzuca SA, Brandt KD, Buckland-Wright JC, Buckwalter KA, Katz
BP, Lynch JA, Ward RJ, Emsley CL: Field test of the reproducibil-
ity of automated measurements of medial tibiofemoral joint
space width derived from standardized knee radiographs.  J
Rheumatol 1999, 26:1359-1365.

9. Peterfy C, Li J, Zaim S, Duryea J, Lynch J, Miaux Y, Yu W, Genant HK:
Comparison of fixed-flexion positioning with fluoroscopic
semi-flexed positioning for quantifying radiographic joint-
space width in the knee: test-retest reproducibility.  Skeletal
Radiol 2003, 32:128-132.

10. Kothari M, Guermazi A, von Ingersleben G, Miaux Y, Sieffert M, Block
JE, Stevens R, Peterfy CG: Fixed-flexion radiography of the knee
provides reproducible joint space width measurements in
osteoarthritis.  Eur Radiol 2004, 14:1568-1573.

11. Hellio Le Graverand MP, Vignon EP, Brandt KD, Mazzuca SA, Piperno
M, Buck R, Charles HC, Hunter DJ, Jackson CG, Kraus VB, Link TM,
Schnitzer TJ, Vaz A, Wyman B: Head-to-head comparison of the
Lyon schuss and fixed flexion radiographic techniques. Long-
term reproducibility in normal knees and sensitivity to
change in osteoarthritic knees.  Ann Rheum Dis 2008.

12. Duryea J, Li J, Peterfy CG, Gordon C, Genant HK: Trainable rule-
based algorithm for the measurement of joint space width in
digital radiographic images of the knee.  Med Phys 2000,
27:580-591.

13. Buckland-Wright JC, Macfarlane DG, Williams SA, Ward RJ: Accu-
racy and precision of joint space width measurements in
standard and macroradiographs of osteoarthritic knees.  Ann
Rheum Dis 1995, 54:872-880.

14. Eckstein F, Schnier M, Haubner M, Priebsch J, Glaser C, Englmeier
KH, Reiser M: Accuracy of cartilage volume and thickness
measurements with magnetic resonance imaging.  Clin Orthop
Relat Res 1998:137-148.

15. Eckstein F, Glaser C: Measuring cartilage morphology with
quantitative magnetic resonance imaging.  Semin Musculoskelet
Radiol 2004, 8:329-353.

16. Eckstein F, Mosher T, Hunter D: Imaging of knee osteoarthritis:
data beyond the beauty.  Curr Opin Rheumatol 2007, 19:435-443.

17. Eckstein F, Cicuttini F, Raynauld JP, Waterton JC, Peterfy C: Mag-
netic resonance imaging (MRI) of articular cartilage in knee
osteoarthritis (OA): morphological assessment.  Osteoarthritis
Cartilage 2006, 14(Suppl A):A46-A75.

18. Peterfy C, Kothari M: Imaging osteoarthritis: magnetic reso-
nance imaging versus x-ray.  Curr Rheumatol Rep 2006, 8:16-21.

19. Blumenkrantz G, Majumdar S: Quantitative magnetic resonance
imaging of articular cartilage in osteoarthritis.  Eur Cell Mater
2007, 13:76-86.

20. Burgkart R, Glaser C, Hinterwimmer S, Hudelmaier M, Englmeier KH,
Reiser M, Eckstein F: Feasibility of T and Z scores from mag-
netic resonance imaging data for quantification of cartilage
loss in osteoarthritis.  Arthritis Rheum 2003, 48:2829-2835.

21. Hunter DJ, Niu J, Zhang Y, Lavalley M, McClennan CE, Hudelmaier M,
Eckstein F, Felson DT: Premorbid knee OA is not characterized
by diffuse thinness: The Framingham Study.  Ann Rheum Dis
2008.

22. Hudelmaier M, Glaser C, Hohe J, Englmeier KH, Reiser M, Putz R,
Eckstein F: Age-related changes in the morphology and defor-
mational behavior of knee joint cartilage.  Arthritis Rheum 2001,
44:2556-2561.

23. Eckstein F, Siedek V, Glaser C, Al Ali D, Englmeier KH, Reiser M, Gra-
ichen H: Correlation and sex differences between ankle and
knee cartilage morphology determined by quantitative mag-
netic resonance imaging.  Ann Rheum Dis 2004, 63:1490-1495.

24. Kellgren J, Lawrence J: Radiological assessment of osteoarthri-
tis.  Ann Rheum Dis 1957, 16:494-501.

25. Eckstein F, Hudelmaier M, Wirth W, Kiefer B, Jackson R, Yu J, Eaton
CB, Schneider E: Double echo steady state magnetic reso-
nance imaging of knee articular cartilage at 3 Tesla: a pilot
study for the Osteoarthritis Initiative.  Ann Rheum Dis 2006,
65:433-441.

26. Inglis D, Pui M, Ioannidis G, Beattie K, Boulos P, Adachi JD, Webber
C, Eckstein F: Accuracy and test-retest precision of quantita-
tive cartilage morphology on a 1.0T peripheral magnetic res-
onance imaging system.  Osteoarthritis Cartilage 2006.

27. Eckstein F, Buck RJ, Burstein D, Charles HC, Crim J, Hudelmaier M,
Hunter D, Hutchins G, Jackson C, Byers-Kraus V, Lane NE, Link TM,
Majumdar S, Mazzuca S, Prasad PV, Schnitzer TJ, Taljanovic MS, Vaz
A, Wyman B, Hellio Le Graverand MP: Precision of 3.0 Tesla
Quantitative Magnetic Resonance Imaging of cartilage mor-
phology in a multi center clinical trial.  Ann Rheum Dis 2008.

28. Eckstein F, Kunz M, Hudelmaier M, Jackson R, Yu J, Eaton CB, Schnei-
der E: Impact of coil design on the contrast-to-noise ratio,
precision, and consistency of quantitative cartilage mor-
phometry at 3 Tesla: a pilot study for the osteoarthritis ini-
tiative.  Magn Reson Med 2007, 57:448-454.

29. Eckstein F, Buck RJ, Wyman BT, Kotyk JJ, Le Graverand MP, Remmers
AE, Evelhoch JL, Hudelmaier M, Charles HC: Quantitative imaging
of cartilage morphology at 3.0 Tesla in the presence of gado-
pentate dimeglumine (Gd-DTPA).  Magn Reson Med 2007,
58:402-406.

30. Eckstein F, Ateshian G, Burgkart R, Burstein D, Cicuttini F, Dardzinski
B, Gray M, Link TM, Majumdar S, Mosher T, Peterfy C, Totterman S,
Waterton J, Winalski CS, Felson D: Proposal for a nomenclature
for Magnetic Resonance Imaging based measures of articular
cartilage in osteoarthritis.  Osteoarthritis Cartilage 2006,
14(10):974-983.

31. Lanyon P, O'Reilly S, Jones A, Doherty M: Radiographic assess-
ment of symptomatic knee osteoarthritis in the community:
definitions and normal joint space.  Ann Rheum Dis 1998,
57:595-601.

32. Sargon MF, Taner D, Altintas K: Examination of joint space by
magnetic resonance imaging in anatomically normal knees.
Clin Anat 1996, 9:386-390.

33. Dacre JE, Scott DL, Da Silva JA, Welsh G, Huskisson EC: Joint space
in radiologically normal knees.  Br J Rheumatol 1991, 30:426-428.

34. Duren DL, Sherwood RJ, Chumlea WC, Siervogel RM, Towne B:
Radiographic joint space of the knee in healthy young adults.
Hum Biol 2006, 78:353-364.

35. Karvonen RL, Negendank WG, Teitge RA, Reed AH, Miller PR, Fern-
andez-Madrid F: Factors affecting articular cartilage thickness
in osteoarthritis and aging.  J Rheumatol 1994, 21:1310-1318.

36. Ding C, Garnero P, Cicuttini F, Scott F, Cooley H, Jones G: Knee
cartilage defects: association with early radiographic oste-
oarthritis, decreased cartilage volume, increased joint sur-
face area and type II collagen breakdown.  Osteoarthritis
Cartilage 2005, 13:198-205.

37. Piperno M, Hellio Le Graverand MP, Conrozier T, Bochu M, Mathieu
P, Vignon E: Quantitative evaluation of joint space width in
femorotibial osteoarthritis: comparison of three radio-
graphic views.  Osteoarthritis Cartilage 1998, 6:252-259.

38. Buckland-Wright C: Which radiographic techniques should we
use for research and clinical practice?  Best Pract Res Clin Rheu-
matol 2006, 20:39-55.

39. Boegard T, Rudling O, Petersson IF, Sanfridsson J, Saxne T, Svensson
B, Jonsson K: Postero-anterior radiogram of the knee in
weight-bearing and semiflexion. Comparison with MR imag-
ing.  Acta Radiol 1997, 38:1063-1070.

40. Adams JG, McAlindon T, DiMasi M, Carey J, Eustace S: Contribution
of meniscal extrusion and cartilage loss to joint space nar-
rowing in osteoarthritis.  Clin Radiol 1999, 54:502-506.

41. Ayral X, Bonvarlet JP, Simonnet J, Auleley GR, Dougados M, Ravaud
P: Influence of medial meniscectomy on tibiofemoral joint
space width.  Osteoarthritis Cartilage 2003, 11:285-289.

42. Hunter DJ, Zhang YQ, Niu JB, Tu X, Amin S, Clancy M, Guermazi A,
Grigorian M, Gale D, Felson DT: The association of meniscal
pathologic changes with cartilage loss in symptomatic knee
osteoarthritis.  Arthritis Rheum 2006, 54:795-801.

43. Hunter DJ, Zhang YQ, Tu X, Lavalley M, Niu JB, Amin S, Guermazi A,
Genant H, Gale D, Felson DT: Change in joint space width: hya-
line articular cartilage loss or alteration in meniscus?  Arthritis
Rheum 2006, 54:2488-2495.

44. Shelbourne KD, Dickens JF: Digital radiographic evaluation of
medial joint space narrowing after partial meniscectomy of
bucket-handle medial meniscus tears in anterior cruciate lig-
ament-intact knees.  Am J Sports Med 2006, 34:1648-1655.

45. Eisenhart-Rothe R, Graichen H, Hudelmaier M, Vogl T, Sharma L, Eck-
stein F: Femorotibial and patellar cartilage loss in patients
prior to total knee arthroplasty, heterogeneity, and correla-
tion with alignment of the knee.  Ann Rheum Dis 2006, 65:69-73.
Page 8 of 9
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7799359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7799359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10381056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10381056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10381056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12605275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12605275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12605275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15150666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15150666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15150666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10757609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10757609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10757609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7492235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7492235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7492235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9678042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9678042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15643573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15643573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17762608
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17762608
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16713720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16713720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16713720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16515760
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16515760
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17506024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17506024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14558088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14558088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14558088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11710712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11710712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15479900
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15479900
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15479900
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13498604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13498604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16126797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16126797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16126797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16978886
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16978886
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16978886
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17260363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17260363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17260363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17654593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17654593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17654593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16730462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16730462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16730462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9893570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9893570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9893570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8915618
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8915618
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1747696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1747696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17216807
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17216807
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7966075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7966075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15727885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15727885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15727885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9876394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9876394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9876394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16483906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16483906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9394671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9394671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9394671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10484216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10484216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10484216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12681955
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12681955
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16508930
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16508930
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16508930
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16868968
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16868968
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16801692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16801692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16801692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15975965
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15975965
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15975965


BMC Musculoskeletal Disorders 2008, 9:119 http://www.biomedcentral.com/1471-2474/9/119
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

46. Beattie K, Duryea J, Pui M, O'Neill J, Boulos P, Webber CE, Eckstein
F, Adachi JD: The Contribution of Medial Femoral and Tibial
Cartilage Thickness to Minimum Joint Space Width in Oste-
oarthritic Knees.  Osteoarthritis Cartilage 2006, 14(S2):S148-S149.

47. Ding C, Cicuttini F, Blizzard L, Scott F, Jones G: A longitudinal
study of the effect of sex and age on rate of change in knee
cartilage volume in adults.  Rheumatology (Oxford) 2007,
46:273-279.

48. Ding C, Cicuttini F, Scott F, Glisson M, Jones G: Sex differences in
knee cartilage volume in adults: role of body and bone size,
age and physical activity.  Rheumatology (Oxford) 2003,
42:1317-1323.

49. Faber SC, Eckstein F, Lukasz S, Muhlbauer R, Hohe J, Englmeier KH,
Reiser M: Gender differences in knee joint cartilage thickness,
volume and articular surface areas: assessment with quanti-
tative three-dimensional MR imaging.  Skeletal Radiol 2001,
30:144-150.

50. Lukasz S, Muhlbauer R, Faber S, Englmeier KH, Reiser M, Eckstein F:
Sex-specific analysis of cartilage volume in the knee joint – a
quantitative MRI-based study.  Ann Anat 1998, 180:487-493.

51. Otterness IG, Eckstein F: Women have thinner cartilage and
smaller joint surfaces than men after adjustment for body
height and weight.  Osteoarthritis Cartilage 2007, 15:666-672.

52. Cicuttini F, Forbes A, Morris K, Darling S, Bailey M, Stuckey S: Gen-
der differences in knee cartilage volume as measured by
magnetic resonance imaging.  Osteoarthritis Cartilage 1999,
7:265-271.

53. Cicuttini FM, Wluka AE, Wang Y, Davis SR, Hankin J, Ebeling P: Com-
partment differences in knee cartilage volume in healthy
adults.  J Rheumatol 2002, 29:554-556.

54. Hanna F, Ebeling PR, Wang Y, O'Sullivan R, Davis S, Wluka AE, Cicut-
tini FM: Factors influencing longitudinal change in knee carti-
lage volume measured from magnetic resonance imaging in
healthy men.  Ann Rheum Dis 2005, 64:1038-1042.

55. Hanna FS, Bell RJ, Cicuttini FM, Davison SL, Wluka AE, Davis SR: The
relationship between endogenous testosterone, preandro-
gens, and sex hormone binding globulin and knee joint struc-
ture in women at midlife.  Semin Arthritis Rheum 2007, 37:56-62.

56. Ding C, Cicuttini F, Scott F, Cooley H, Jones G: Association
between age and knee structural change: a cross sectional
MRI based study.  Ann Rheum Dis 2005, 64:549-555.

57. Cicuttini FM, Wluka A, Bailey M, O'Sullivan R, Poon C, Yeung S, Ebe-
ling PR: Factors affecting knee cartilage volume in healthy
men.  Rheumatology (Oxford) 2003, 42:258-262.

58. Wluka AE, Wolfe R, Davis SR, Stuckey S, Cicuttini FM: Tibial carti-
lage volume change in healthy postmenopausal women: a
longitudinal study.  Ann Rheum Dis 2004, 63:444-449.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2474/9/119/pre
pub
Page 9 of 9
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16861710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16861710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16861710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12810930
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12810930
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12810930
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11357452
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11357452
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11357452
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9862027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9862027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9862027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17321168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17321168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17321168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10329301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10329301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10329301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11908572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11908572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11908572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15640270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15640270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15640270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17303218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17303218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17303218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15769915
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15769915
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15769915
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12595619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12595619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15020341
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15020341
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15020341
http://www.biomedcentral.com/1471-2474/9/119/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Design
	Results
	Conclusion

	Background
	Methods
	Plain X-ray
	pMRI

	Results
	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

