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Measurement of Joint Space Width and Erosion Size
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ABSTRACT. Measurement of radiographic abnormalities in metric units has been reported by several investiga-

tors during the last 15 years. Measurement of joint space in large joints has been employed in a few
trials to evaluate therapy in osteoarthritis. Measurement of joint space width in small joints has been
reported by several investigators but has not yet found a place in clinical trials in rheumatoid arthri-
tis or osteoarthritis. We review methods for measuring joint space width in finger, toe, and wrist
joints; special attention is given to how the joint edges are found, the method used to measure dis-
tance between joint margins, size of an area of the sampled joint, and reproducibility of measure-
ments. Methods for measurement of erosion size, which have had less attention, are briefly dis-

cussed. (J Rheumatol 2005;32:2456-61)

Key Indexing Terms:
RHEUMATOID ARTHRITIS
EROSIONS

Scoring erosions and joint space width (JSW) by trained
physicians as an estimate of disease severity has proven to
be a useful method of evaluating structural damage in
rheumatoid arthritis (RA)'-3. Comparing estimates on serial
radiographs of patients in controlled trials is considered nec-
essary to determine whether a drug is accepted as having the
capacity to slow progression of structural damage. A num-
ber of studies have demonstrated limited precision in scor-
ing and have indicated that scoring is both highly evaluator-
dependent and sensitive to variation in radiographic tech-
nique. There is considerable variation between readers even
when those readers are close associates with the same train-
ing for scoring radiographic abnormalities. In spite of these
limitations, scoring has proven to be highly successful in
detecting effectiveness of drug therapy in RA when large
numbers of patients are included in each treatment arm in a
therapeutic trial.
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RADIOGRAPHY
JOINT SPACE MEASUREMENT

Clearly, measurement in standard metric units would be
preferable to scoring erosions on an ordinal scale if meas-
urement methods could be shown to be highly reproducible
and easily applied. Initial attempts have been focused on
measuring JSW, with only a few attempts at measuring ero-
sions. Early measurements were carried out on large joints,
especially the hip and knee, using magnifying lenses with
scales included in the lens system or with calipers*®. More
recently, computer based methods have been developed for
measuring JSW, and some studies have reported measure-
ment of erosion size.

Computer Based Methods

Dacre and Huskisson described a computer based method
for measuring joint space in the knee about 15 years ago’.
Buckland-Wright, et al reported methods for measuring
joint space in the knee in osteoarthritis (OA) using a Sun
Spark platform, which requires that the operator locate a few
points on the joint margins®. Duryea, et al reported an auto-
mated algorithm to delineate the joint margins in digital
radiographs of the knee®!?, and Conrozier, et al also report-
ed a computer based method for measurement of hips in
patients with OA!l.

A method developed by James, et al measures joint
spaces in proximal interphalangeal (PIP) and metacarpopha-
langeal (MCP) joints of the hand using a PC platform; it
requires that the operator locate only one nearby point to
identify the joint to be measured!2. Duryea, et al reported a
method using neural networks to measure PIP and MCP
JSW automatically after the operator identifies nonanatomi-
cal structures in the image'?. Sharp, et al reported a program
to measure finger and wrist JSW that runs on US National
Institutes of Health (NIH) Object Image using a Macintosh
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computer system'3. This program was adapted to measure
hip JSW and recently was evaluated by comparing with
manual measurements'#. The program has been rewritten as
a Java plug-in to use Image J, a freeware program that runs
on a Macintosh, PC, or Linux platform. Angwin and col-
leagues have modified and updated the method of James, et
al'>. Vischer, et al wrote a macro program to measure JSW
based on NIH Object Image using a Macintosh computer;
this is also available on the Internet as freeware.

Reliability

Numerous factors affect reproducibility of joint measure-
ments, such as patient positioning, radiographic procedure,
site of measurement, measuring methods, and the readers.

Attempts have been made to increase the reproducibility
of joint space measurement of large joints by standardizing
radiographic procedures. These attempts have been espe-
cially focused on knee measurements, since the variability
of positioning is much greater at the knee than the hip.
These protocols use fluoroscopy and/or positioning stan-
dards® 17,

Compared with manual measurements, computer based
methods should increase reliability through decreasing
reliance on the operator and variation in the reading proce-
dure. They also offer the possibility to evaluate the mean
JSW across the entire joint, or the joint space area, rather
than the JSW at the narrowest point. Intuitively, the mean
measurement might be more relevant than JSW at the nar-
rowest point, although this is not yet proven.

Reproducibility of measurements has been reported in
several studies. Large joints can be measured within an error
of 0.5 to 1 mm and small joints within an error of 0.1 to 0.5
mm™*69:13-15.18-22 "With this range of precision it is estimat-
ed that a difference in mean width of 0.04 to 0.07 mm
between 2 treatment groups with 50 to 200 subjects per
group can be detected with 95% confidence.

Duryea, et al evaluated their software for measuring knee
joint space using images of normal and osteoarthritic
patients. Reproducibility of the minimum JSW was about
twice as good as manual measurement’. Mazzuca, et al per-
formed repeat measurements of minimal JSW on 174
osteoarthritic knees radiographed twice within 7 days in the
same radiology unit. Standard error of the measurement
(SEM) was 0.32 mm®. The SEM for radiographs repeated at
different radiology units was 0.45 mm. Gordon, et al report-
ed the root mean square standard deviation (SD) for 19
duplicate measurements of the minimal JSW of hips to be
0.12 mm?20,

Maillefert, et al reported the smallest detectable differ-
ence (SDD, ie., 1.96 x SD of the differences between
repeated measurements) was 0.78 mm for minimal JSW
using manual measurement on OA hips, 0.67 mm for com-
puter based measurement of minimal JSW, and 0.47 mm for
average JSW!4. Conrozier, et al reported SDD of 0.22 and

0.26 mm for minimal and mean hip JSW using a computer-
based method?!. Vignon, et al found a SDD of 0.50 mm for
the minimal knee JSW using a computer-based method and
Lyon schuss radiographs2.

Comparison between methods is very limited, and the
considerable variation between methods is not readily
explained. Nevertheless precision of measurement in these
ranges is sufficiently good to encourage further exploration
of these computer based methods.

Studies on small joints of the hands, feet, and wrists also
have shown variability between methods. In a reliability
study measuring JSW in fingers of healthy volunteers under
relatively ideal conditions, Angwin, et al estimated the SDD
for change in JSW to be 0.11 mm for an individual PIP or
MCP joint!>. In a RA clinical trial, with less controlled radi-
ographic techniques and disease affecting the positioning of
the patient’s hands, the smallest detectable organic change
could well be larger. However, precision in this range is
encouraging and further exploration of these computer
based methods is warranted.

There are minimal data on the expected progression rate
of joint space narrowing in the normal population.
Conrozier, et al studied 69 hips in 61 patients who had at
least 2 radiographs 12 months apart between diagnosis of
OA and total hip arthroplasty; mean yearly decrease in JSW
was 0.43 mm!!. Auleley, ef al reported a 3-year decrease in
hip JSW ranging from 0.47 to 0.6 mm, using a manual
measurement method?3. A 3-year mean change in minimal
hip JSW of —0.53 and —0.6 mm (manual and computer based
measurements, respectively) was observed by Maillefert, et
al'*. Vignon, et al, using a computer based method, report-
ed a 2-year decrease in knee minimal JSW of 0.17 mm using
an extended anteroposterior view and 0.24 mm for the Lyon
schuss view?2.

In the small joints of the hands in RA patients, James, et
al in a retrospective study reported an average yearly change
in JSW of —0.03 mm in PIP and —0.06 mm in MCP joints in
16 female patients with established disease'?. There was,
however, no significant change in PIP or MCP JSW for 18
male patients in the study. Using a later version of James’s
computer program in an 18 month retrospective study on
245 patients with early RA (176 female, 69 male) Angwin,
et al found the average yearly JSW changes were —0.03 mm
in PIP and —0.04 mm in MCP joints?*. In both studies, JSW
was measured blind to time-order in 3 PIP and 3 MCP joints
in each hand per patient per time point. Changes found were
significant at p < 0.05. No attempt was made to divide clin-
ically involved from noninvolved joints. Measurement
changes agreed with scoring in that the reduction in JSW
was significantly greater for the 93 PIP and MCP joints with
an increase in joint space narrowing score than for the 2572
joints with no change in joint space narrowing score: —0.336
mm and —0.040 mm, respectively, over the 18 month mean
study. Lacking robust data on the progression of narrowing
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in the normal population, the significance of these numbers
is not yet clear.

The rate of JSW change varied considerably between
patient subsets. Using measurements from 6-monthly radi-
ographs for the same 245 RA patients (unpublished data),
the annualized change in JSW in the 96 patients who left the
study after a mean duration of 8 months was —0.08 mm in
PIP and —0.10 mm in MCP joints, which was more than
twice the annualized average for all 245 patients.
Conversely, 124 patients who remained in the study for 2
years had an initial rate of JSW decrease in line with study
average, but a reduced rate of change after one year, giving
an annualized change averaged over the study duration of
—0.02 mm in PIP and —-0.03 mm in MCP joints. In the sub-
set of 33 patients expected to be susceptible to severe dis-
ease progression, JSW decreased steadily over the full 2
years, with average yearly change of —0.03 mm in PIP and
—0.05 mm in MCP joints?>. Not surprisingly, there was
much greater variability in repeat measurements for the 245
RA patients over 18 months than for 8 healthy volunteers
over 3 weeks (4-5-fold increase in the SD of the within-
patient change in JSW).

With further improvement in software, emphasizing bet-
ter automation and greater efficiency of programs, some
increase in sensitivity is to be expected. The greatest
improvement in both precision and sensitivity is likely to
come from better standardized techniques for obtaining
images, paying particular attention to positioning of limbs,
radiation exposure, and film quality and development. Some
technical problems will be resolved when digital recording
of images is routine, but other problems such as aging of
light-sensitive plates will need to be carefully standardized.

How Should Problem Joints Be Handled?

Agreement needs to be reached regarding how to address
frequently observed anatomical variations that influence
measurements. Many normal PIP joints flare at the margins
(Figure 1). What area or single location can be measured
reproducibly in such a joint? Should we even try to measure
such joints? Is this flare an inherent property of the PIP joint
or is it the result of rotation? Is rotation the only factor that
brings out this feature?

Flexion contractures are significant abnormalities that
eventually occur in many patients with RA and pose signif-
icant problems in making measurements. When scoring a
flexed joint, the reader automatically factors in the flexion,
but in making measurements, does the presence of the flex-
ion contracture displace the joint edge so that the measure-
ment does not accurately represent the fully extended joint?
Serial imaging in RA and other inflammatory arthritides
starting early in disease and extending over months and
years means that measuring change over time requires an
early decision about how to handle joints that become flexed
during followup.

Asymmetrical joint space is another frequently encoun-
tered problem. Many joints are slightly asymmetrical, which
may be imperceptible to the naked eye and only detected by
precise measurements across all regions of the joint.
Metatarsophalangeal joints present another problem: often
they are wider in the center than on either medial or lateral
sides because of a flat metatarsal head seated in the base of
an arc-shaped proximal phalanx. What is the proper meas-
urement of these joints?

In cases with evident gross asymmetry in the PA projec-
tion there may be subluxation, but it is not possible to detect
this in a 2-dimensional view unless there is bony overlap. In
the Sharp and Sharp/van der Heijde scoring methods this
asymmetry is scored as 1 on the joint space narrowing scale
of 0—4. How should such grossly asymmetrical joints be
measured? Neither an average across the breadth of the
joint, medial to lateral, nor the shortest measurement across
the joint at the narrowest point accurately represents the
joint space.

Collecting and analyzing measurement data on cohorts
that include such joints requires establishing a standard
method of handling these abnormalities. Some of these
questions can be answered with more experimental data. In
other situations in which relevant data are indeterminate
because of insufficient data or inconsistent results, standards
will have to be based, at least temporarily, on a consensus
among active investigators.

Differences Between Methods

Some substantial differences between methods exist, but
their effect has not been tested. In principle, results between
methods should be interchangeable, but several factors must
be well controlled for this to be true. Radiographic tech-
nique should be standardized with regard to distance from x-
ray source to object and object to film. Positioning of the
joints to be measured must be well controlled to limit rota-
tion in any plane. This is particularly important in measur-
ing large joints because of the considerable distance
between the joint and the image cassette, and of minor
importance in small joints that are imaged very close to the
film or phosphor plate. Selection of the area of the joint to
be measured should be uniform between measurements.
Methods of identifying the joint margin vary between meas-
urement methods. As long as the same method is used for
the baseline and followup radiographs, this difference
should not matter in following progression of disease. In
collecting data on change in measurement, both measure-
ments should be done by the same method. Comparing such
change data obtained by different methods should be valid if
the difference between methods is known to be an offset that
is constant for all types of joints. For example, the James
method identifies the joint margin as the pixels with the
greatest density in the dense line at the base of the proximal
or middle phalanges in the finger joints, whereas the Sharp
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Figure 1. Four joints that pose problems for measuring joint space width. (a) PIP joint showing flaring of the joint space at both the medial
and lateral sides. (b) Metatarsophalangeal joint illustrating a bulge in the center of the joint. (c) A grossly asymmetrical MCP joint with no
joint space on the radial side and a widening space on the ulnar side. (d) MCP joint without discernible joint margins.

method locates the joint margin nearer the shoulder of the specific joints, but can vary between different types of
joint edges. The distance between the shoulder and the peak joints, for example, toe, finger, and wrist joints.
density of the joint margin might be relatively constant for Calculation of the JSW has utilized several different
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methods. In the Lynch method the largest circle that is com-
pletely contained between joint margins is fitted at regular-
ly spaced intervals, and the diameter of these circles is aver-
aged to determine the distance between the joint margins2°.
Sharp, et al obtain the shortest distance across the joint for
every pixel on the x-axis of the distal margin of the joint by
iterative measurement, moving a line anchored on the outer
margin one pixel at a time on the inner margin'3. Vischer
creates a series of trapezoids contained within the joint
space to measure the shortest distance between the 2 joint
margins (unpublished observations).

All the above methods that make multiple, evenly spaced
measurements generate data that would allow calculation of
a correlation coefficient between the location of each meas-
urement and the JSW for that location. Sharp, et al routine-
ly report this calculation along with the slope, which togeth-
er make it possible to evaluate the extent of the asymmetry.

Before employing JSW measurement in clinical trials
extensive basic data on normal joints and progression of
JSW loss and variance of measurements are needed in
cohorts stratified for age, sex, physical activity, and disease.
Determining which joints to measure in which disease and
disease stage in terms of sensitivity to change would be of
great value. For example, the joints to measure in OA and
RA would likely be different, as well as for early versus
long-standing RA?’.

In summary, limited relevant JSW measurement data are
currently available and few comparisons have been made
between methods. Nevertheless it is already clear that com-
puter based measurement of JSW is highly reproducible
within limits of less than 1 mm for large joints and less than
0.4 mm for small joints. Reproducibility and sensitivity to
change can probably be improved by further refinement of
computer programs. The data already available suggest that
measurements are sufficiently sensitive to be useful in fol-
lowing disease progression in the hands of patients with RA,
but whether measurements would be more sensitive to
change than scoring has not yet been determined.

Erosions

Three methods to measure erosion size have been reported.
Buckland-Wright, et al, using digitized macroradiographs
and a projection unit, traced the erosion margins on a digi-
tizing tablet to measure erosion area in the 2-dimensional
representation of the erosion?®2°. Higgs, et al created tem-
plates of different shapes and known area to match observed
erosions for measuring erosion size3?. Sharp, et al scanned
plain radiographs and measured optical density (OD) in an
area outlined to include the erosion'3. OD was expressed in
units standardized for the third finger proximal phalanx and
compared to a similar but uninvolved anatomical area. The
latter method gives an estimate of the volume of the eroded
area expressed in units calibrated for the density in the same
patient’s third proximal phalanx, provided certain conditions

are met. The method is based on linear absorption of x-rays
over a range of about 5 log, adequate dynamic range of the
x-ray film used to capture the image, and a scanner with suf-
ficient range to encompass the range of bone density in the
calibration area and region of interest. These conditions are
not always met unless careful attention is paid to radi-
ographic technique and appropriate quality of film or light-
sensitive imaging plate.

Development of useful methods of measuring erosions is
not as far along as measurement of JSW and is clearly more
challenging. Finding the distance between 2, usually nearly
parallel, lines is not a difficult problem, given the tools
available to skilled computer programmers. Finding the
edge of an erosion is a more nebulous proposition. Active
erosions are characterized by no perceptible edge. Instead,
normal bone density gradually fades into the background
soft tissue density. Because this challenge is daunting, inves-
tigators tend to look for more tractable problems for which,
with reasonable effort, a definitive answer is expected.

Measurement in Clinical Trials

As of now, measurements have not made a significant
impact on clinical trials. Only a few have been report-
ed®3134. Within the last few years several investigators
have focused attention on measuring changes in OA in the
hopes that new agents can be developed to slow the loss of
cartilage. If measurement proves to be more sensitive than
scoring, measurement will play a major role in the evalua-
tion of putative OA disease modifying agents. In RA, our
greatest attention has been given to progression, stabiliza-
tion, and repair of erosions. Since there is some evidence
that destruction of cartilage and bone are not tightly linked
in RA, there is a potential role for studies that evaluate car-
tilage loss in a more precise fashion than is possible with
scoring. If a more sensitive and reproducible method than
scoring can be developed, there will be a role for such meth-
ods in reducing the number of patients required in studies
evaluating disease modifying agents in RA. Further effort to
improve measurement methods is warranted.

REFERENCES

1. Sharp JT, Lidsky MD, Collins LC, Moreland J. Methods of scoring
the progression of radiologic changes in rheumatoid arthritis.
Arthritis Rheum 1971;14:706-20.

2. Larsen A. A radiologic method for grading the severity of rheuma-
toid arthritis [thesis]. University of Helsinki; 1974.

3. van der Heijde DMFM, van Reil PL, Nuvar-Zwart IH, Gribnau FW,
van de Putte LB. Effects of hydroxychloroquine and sulphasalazine
on progression of joint damage in rheumatoid arthritis. Lancet
1989;1:1036-8.

4. Ravaud P, Giraudeau B, Auleley GR, et al. Variability in knee
radiographing: implication for definition of radiological
progression in medial knee osteoarthritis. Ann Rheum Dis
1998;57:624-9.

5. Ravaud P, Auleley GR, Chastang C, et al. Knee joint space width
measurement: an experimental study of the influence of
radiographic procedure and joint positioning. Br J Rheumatol

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2005. All rights reserved. |—

2460

The Journal of Rheumatology 2005; 32:12



10.

11.

14.

15.

20.

1996;35:761-6.

Mazzuca SA, Brandt KD, Buckland-Wright JC, et al. Field test of
the reproducibility of automated measurements of medial
tibiofemoral joint space width derived from standardized knee
radiographs. J Rheumatol 1999;26:1359-65.

Dacre JE, Huskisson EC. The automatic assessment of knee
radiographs in osteoarthritis using digital image analysis. Br

J Rheumatol 1989;28:506-10.

Buckland-Wright JC, MacFarlane DG, Lynch JA, Jasani MK.
Quantitative microfocal radiography detects changes in OA knee
joint space width in patients in placebo controlled trial of NSAID
therapy. J Rheumatol 1995;22:937-43.

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;27:580-91.
Duryea J, Jiang Y, Zakharevich M, Genant HK. Neural network
based algorithm to quantify joint space width in joints of the hand
for arthritis assessment. Med Phys 200;27:1185-94

Conrozier T, Jousseaume CA, Mathieu P, et al. Quantitative
measurement of joint space narrowing progression in hip
osteoarthritis: a longitudinal retrospective study of patients treated
by total hip arthroplasty. Br J] Rheumatol 1998;37:961-8.

James MF, Heald G, Shorter JH, Turner RA. Joint space
measurement in hand radiographs using computerized image
analysis. Arthritis Rheum 1995;38:891-901.

Sharp JT, Gardner JC, Bennett EM. Computer-based methods for
measuring joint space and estimating erosion volume in the finger
and wrist joints of patients with rheumatoid arthritis. Arthritis
Rheum 2000;43:1378-86.

Maillefert JF, Sharp JT, Aho LS, Dougados M. Comparison of a
computer-based method and the classical manual method for
radiographic joint space width assessment in hip osteoarthritis.

J Rheumatol 2002;29:2592-6.

Angwin J, Heald G, Lloyd A, Howland K, Davy M, James MF.
Reliability and sensitivity of joint space measurements in hand
radiographs using computerized image analysis. J Rheumatol
2001;28:1825-36.

Vischer NOE, Huls PG, Woldringh CL. Object-Image: an
interactive image analysis program using structured point
collection. Binary 1994;6:160-6.

Mazzuca S, Brandt KD. Is knee radiography useful for studying the
efficacy of a disease-modifying osteoarthritis drug in humans?
Rheum Dis Clin North Am 2003;29:819-30.

Ravaud P, Giraudeau B, Auleley GR, et al. Radiographic
assessment of knee osteoarthritis: Reproducibility and sensitivity to
change. J Rheumatol 1996;23:1756-64.

Ravaud P, Giraudeau B, Auleley GR, Edouard-Noel R, Dougados
M, Chastang C. Assessing smallest detectable change over time in
continuous structural outcome measures: Application to radiologi-
cal change in knee osteoarthritis. J Clin Epidemiol 1999;
52:1225-30.

Gordon CL, Wu C, Peterfy CG, et al. Automated measurement of
radiographic hip joint-space width. Med Phys 2001;28:267-77.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Conrozier T, Hilliquin P, Favret H, et al. Minimal change of joint
space width to be relevant for detecting radiological progression in
hip osteoarthritis [abstract]. Arthritis Rheum 2002;46 Suppl:S152.
Vignon E, Piperno M, Le Graverand MP, et al. Measurement of
radiographic joint space width in the tibiofemoral compartment of
osteoarthritic knee: comparison of standing anteroposterior and
Lyon schuss views. Arthritis Rheum 2003;48:378-84.

Auleley GR, Giraudeau B, Dougados M, Ravaud P. Radiographic
assessment of hip osteoarthritis progression: impact of reading
procedures for longitudinal studies. Ann Rheum Dis 2000;59:422-7.
Angwin J, Lloyd A, Heald G, Nepom GT, Binks MH, James MF.
Radiographic hand joint space width assessed by computer is a
sensitive measure of change in early rheumatoid arthritis.

J Rheumatol 2004;31:1050-61.

Angwin J, Heald G, Nepom GT, Binks MH, James MF.
Radiographic hand joint space width assessed by computer detects
RA disease progression at 6 months in susceptible patients.
[abstract]. Arthritis Rheum 2003;48 Suppl:S536.

Lynch JA, Buckland-Wright JC, MacFarlane DG. Precision of joint
space width measurement in knee osteoarthritis from digital image
analysis of high definition macroradiographs. Osteoarthritis
Cartilage 1993;1:209-18.

Hulsmans HMJ, Jacobs JWG, van der Heijde DMFM,
Albada-Kuipers G, Schenk Y, Bijlsma JWJ. The course of
radiologic damage during the first six years of rheumatoid arthritis.
Arthritis Rheum 2000;43:1927-40.

Buckland-Wright JC, Clarke GS, Chikanza IC, Grahame R.
Quantitative microfocal radiography detects changes in erosion area
in patients with early rheumatoid arthritis treated with myocrisine.
J Rheumatol 1993;20:243-7.

Buckland-Wright JC, Carmichael I, Walker SR. Quantitative
microfocal radiography accurately detects joint changes in
rheumatoid arthritis. Ann Rheum Dis 1986;45:379-83.

Higgs JB, Smith D, Des Rosier KF, Charlesworth RW Jr.
Quantitative measurement of erosion growth and joint space loss in
rheumatoid arthritis hand radiographs. J Rheumatol
1996;23:265-72.

Reginster JY, Deroisy R, Rovati LC, et al. Long-term effects of
glucosamine sulphate on osteoarthritis progression: a randomized,
placebo-controlled clinical trial. Lancet 2001;357:251-6.

Raynauld JP, Buckland-Wright JC, Ward R, et al. Safety and
efficacy of long-term intra-articular steroid injections in
osteoarthritis of the knee: a randomized, double-blind,
placebo-controlled trial. Arthritis Rheum 2003;48:370-7.

Brandt KD, Mazzuca SA, Katz BP, Lane KA. Doxycycline slows
the rate of joint space narrowing in patients with knee osteoarthritis
[abstract]. Arthritis Rheum 2003;48 Suppl:3652.

Jubb RW, Piva S, Beinat L, Dacre J, Gishen P. A one-year,
randomized, placebo (saline) controlled clinical trial of 500-730
kDa sodium hyaluronate (Hyalgan) on the radiological change in
osteoarthritis of the knee. Int J Clin Pract 2003;57:467-74.

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2005. All rights reserved. |—

Sharp, et al: Joint space and erosions

2461



