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Received: 28 May 2008 / Accepted: 3 August 2008 / Published online: 12 September 2008

� Springer-Verlag 2008

Abstract The aim of the present study was to evaluate

the effect of long-term leflunomide and methotrexate

(MTX) therapy during the course of rheumatoid arthritis

(RA) estimated by digital X-ray radiogrammetry (DXR)

and computer-aided joint space analysis (CAJSA) as

diagnostic tools for the quantification of disease-related

periarticular osteoporosis and joint space narrowing.

Fourty matchable patients with verified RA were treated

with leflunomide or MTX during an observation period of

2.5 years. All patients underwent complete computerized

calculations of bone mineral density (BMD) and metacar-

pal index (MCI) by DXR as well as semi-automated

measurements of joint space widths (JSW) at the meta-

carpophalangeal articulations (MCP, thumb to small finger)

and proximal interphalangeal joints (PIP, index finger to

small finger) using digitized hand radiographs. DXR-BMD

revealed an increase of 0.4% (leflunomide-group) versus a

reduction of -9.1% (MTX-group). Regarding DXR-MCI,

a reduction of -1.1% (leflunomide-group) and -5.3%

(MTX-group) was observed. The CAJSA parameters showed

a decline of -2.7% (JSW-MCP) versus -2.1% (JSW-PIP) in

patients treated with leflunomide. An accentuated joint space

narrowing was revealed (JSW-MCP: -5.7%; JSW-PIP:

-6.2%) in the MTX group. Digital X-ray radiogrammetry

and CAJSA could discriminate the influence of different

therapeutic regimes on periarticular osteoporosis and joint

space narrowing showing a less accentuated radiographic

progression in patients treated with leflunomide.
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Abbreviations

BMD Bone mineral density (g/cm2)

CAJSA Computer-aided joint space analysis

CRP C-reactive protein

CV Coefficient of variation

DMARD Disease-modifying anti-rheumatic drug

DXA Dual X-ray absorptiometry

DXR Digital X-ray radiogrammetry

DXR-BMD Bone mineral density (g/cm2), estimated

by means of digital X-ray

radiogrammetry

DXR-MCI Metacarpal index, estimated by means of

digital X-ray radiogrammetry

ESR Erythrocyte sedimentation rate

JSW Joint space width

JSW-MCP Joint space width of the

metacarpophalangeal joint

JSW-PIP Joint space width of the proximal

interphalangeal joint

JSW-DIP Joint space width of the distal

interphalangeal joint

A. Pfeil � J. Lippold � D. M. Renz � A. Hansch �
W. A. Kaiser � J. Böttcher (&)
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MCP Metacarpophalangeal joint

NS Not significant

NSAID Non-steroidal anti-inflammatory Drug

PIP Proximal interphalangeal joint

RA Rheumatoid arthritis

SD Standard deviation

VPA Volume per area

W Bone width

Introduction

Rheumatoid arthritis (RA) is a systemic disease characterized

by the juxtaarticular inflammatory involvement of cartilage

and bone tissue, frequently and predominantly affecting the

small joints of the hand [1, 2]. The extent of joint damage is

successfully assessed by hand radiographs which still repre-

sent the ‘‘gold standard’’ for the evaluation of disease

progression and effectiveness of therapy [3]. However, per-

iarticular osteoporosis and joint space narrowing are the first

disease-related morphological signs in RA before bone ero-

sions occur. Quantitative hand bone estimates, which capture

periarticular osteoporosis, have been proposed as outcome

measures in RA [4, 5]. The manifestation of osteoporosis in

RA is based on two forms: periarticular osteoporosis in near

proximity to the inflamed joints, which is a typical phe-

nomenon in early RA, and generalized osteoporosis affecting

the axial and appendicular bones occurring during the pro-

longed course of RA [6, 7]. Recently, receptor activators of

the nuclear jB ligand (RANKL) and osteoprotegerin (OPG),

a decoy receptor for RANKL, have been identified as central

regulators of osteoclast recruitment and activation. OPG and

RANKL production is modulated by various cytokines,

growth factors and hormones. In the affected synovium both

fibroblasts and activated T-cells express RANKL and

maintain osteoclast recruitment and activation. OPG and

RANKL are thus important molecular agents with a lasting

effect on bone resorption focusing on the periarticular cor-

tical and trabecular bone matrix [8].

Two new computer-aided diagnosis (CAD) systems have

been developed in the last five years for the quantification of

metacarpal bone mineral density (BMD) and joint space

width of the peripheral finger joints. Digital X-ray radiog-

rammetry (DXR) is a new operator-independent CAD tool,

providing automated measurements of cortical BMD on the

metacarpals by means of digitized radiographs. The com-

puter-aided joint space analysis (CAJSA) is a recently

available approach based on semi-automated measurements

of joint space widths at the metacarpophalangeal articula-

tion (JSW-MCP) of the first to fifth finger and at the

proximal interphalangeal joints (JSW-PIP, index finger to

small finger).

In recent studies DXR and CAJSA have been able to

detect and quantify disease-related periarticular cortical

bone loss caused by RA, which is accelerated in early RA

[9, 10]. For earlier identification of inflammation-related

changes enabling a better prognosis and improved success

of treatment strategies in patients suffering from RA, the

availability of CAD techniques provides the opportunity

for quantitative measurements of radiogeometric features

[11, 12].

Disease-modifying antirheumatic drugs (DMARD) have

been shown to suppress symptoms and clinical signs as

well as radiographic progression in RA [13, 14]. Metho-

trexate (MTX) is probably the most frequently applied

DMARD in RA. It is also prescribed for other rheumatic

and non-rheumatic disorders. Leflunomide, an oral immu-

nosuppressive agent, actually plays a major role in the

therapy of RA, while several studies described the reduc-

tion of structural joint damage as shown in hand

radiographs with reduced evidence of erosions and joint

space narrowing [13, 14].

The objective of this longitudinal study design was the

quantification of RA progression by means of DXR and

CAJSA in patients treated with leflunomide compared to

those treated with MTX.

Patients and methods

Patients

Forty Caucasian patients (31 female and 9 male) were

enrolled without preselection regarding the grade of RA.

The patients included in the study were 32–72 years of age

(mean age: 57.9 ± 12.5 years). RA was diagnosed

according to the American College of Rheumatology cri-

teria [15]. 20 patients were treated with 15 mg of MTX per

week and 10 mg folic acid per day. The second group (20

patients) was treated with 20 mg of leflunomide per day.

The initial digital radiographs of the non-dominant hand

were timed 1.6 ± 0.8 years after commencing the MTX

versus the leflunomide therapy. The second radiograph was

performed 2.5 years ± 0.7 years after the first radiograph

(see Table 1 for detailed information).

Subjects with hormone replacement/bisphosphonate

therapy or with other conditions known to affect the bone

metabolism were excluded as were patients with signs of

fracture and visible osteosynthetic material in the right and

left upper extremities (including ulna, radius and hand).

Disease activity was assessed by means of the erythro-

cyte sedimentation rate and C-reactive protein levels.

The severity of RA was evaluated using the Larsen

score [16] which evaluates 32 joints of the feet and hands

(total sum of points: 160): score 0 = normal joint; score

288 Rheumatol Int (2009) 29:287–295

123



1 = periarticular demineralization, soft tissue affection,

initial reduction of the joint space width; score 2 = initial

erosions and reduction of the joint space width; score

3 = multiple erosions and advanced reduction of the joint

space width; score 4 = partial ankylosis; score 5 = anky-

losis or mutilation. The individual sum of scoring points

was then divided by the evaluated joints. Each X-ray was

independently scored by two experienced musculoskeletal

radiologist blinded to each other. In cases of ambiguity, a

third highly experienced musculoskeletal radiologist

reviewed the radiographs before making the final decision.

Methods

Acquisition of hand radiographs

Digital X-ray radiogrammetry and CAJSA were used to

determine DXR-BMD and DXR-MCI as well as JSW-MCP

and JSW-PIP based on digital radiographs of the hand. All

plain radiographs in anterior-posterior projection were

acquired by means of digital X-ray equipment (Siemens

Multix, 1994, Erlangen, Germany) under the following

standardized conditions: filter 1.0 (aluminium 80), film-

focus distance 1 meter, aluminium 80, tube voltage 42 kV,

exposure level 4 mA per second. The digital radiographs

were printed with a laser printer (Agfa Drystar 5500, 508

ppi, pixel size 50 lm, 12 bit/4,096 grey levels; Agfa,

Cologne, Germany). The used film brand was AGFA

Scopix Laser 2 B 400 (Agfa, Cologne, Germany).

The printouts of the digital radiographs were subse-

quently scanned into the system at a resolution of 300 dots

per inch, corresponding to 5.5 line pairs/mm.

Calculation of DXR-BMD and DXR-MCI (by digital

X-ray radiogrammetry)

Digital X-ray radiogrammetry (Pronosco X-Posure Sys-

temTM, Version 2.0; Sectra; Sweden) was applied to

determine the BMD (in g/cm2), cortical thickness (CT in

cm), metacarpal bone width (W in cm) and metacarpal

index (MCI; a dimensionless parameter based on the mean

cortical thickness normalized with the mean outer bone

diameter of the metacarpals), requiring radiographs of the

non-dominant hand. The digital radiographs were printed

and subsequently scanned into the system. The system

itself checked the quality of the scanned images and

interrupted the examination in case of inadequate quality

(i.e. technical lack of exposure and focus as well as

incorrect illustration of the relevant anatomical structures).

The computer algorithms automatically defined regions of

interest around the narrowest bone parts of the metacarpals

II, III and IV and subsequently determined the outer and

inner cortical edges of the studied cortical bone parts.

There is no operator interaction connected to the DXR

measurement. The analyzed images and their regions of

interest were displayed on the computer monitor.

The mean of the cortical thickness and overall cortical

thickness of the second, third and fourth metacarpal were

estimated. The cortical volume per area (VPA) was sub-

sequently calculated for each bone. Based on the mean

VPA, the DXR-BMD was computed with a correction for

the estimated porosity index. The porosity index is a

technical parameter given as a value between 1 and 19 and

derived from the area percentage of local intensity minima

found in the cortical part of the bone relative to the entire

cortical area [17].

Measurement of joint spaces (by means of computer-aided

joint space analysis)

The CAJSA (Radiogrammetry Kit, Version 1.3.6; Sectra;

Sweden) could estimate all visible JSW-MCP and JSW-PIP

without distinction including severely altered joints with

subluxation and partial ankylosis. Only joints with complete

ankylosis could not be considered. This technique per-

formed a joint space analysis of a finger joint by detecting

the joint edges within a rectangular region of interest

defined by the user. The positioning of the region of interest

to identify the favored joint represented the unique

Table 1 Characterization of the study cohort

Methotrexate

group

Leflunomide

group

Demographic data

Total n 5 20 n 5 20

Women n = 16 n = 15

Men n = 4 n = 5

Age (years; mean ± SD) 62.1 ± 8.8 53.7 ± 14.4

Disease duration (years; median) 6.5 7.0

Difference between X-ray imaging

(years; mean ± SD)

2.6 ± 0.8 2.4 ± 0.7

Duration of medication

(years; mean ± SD)

1.8 ± 0.9 1.5 ± 0.6

Radiological signs

Larsen score (mean) Stage 2 Stage 2

Laboratory

ESR (median) 20.5 mm/h 19.0 mm/h

CRP (median) 5.5 mg/l 5.0 mg/l

Medication

Folic acid n = 20 n = 0

NSAID n = 19 n = 20

Corticosteroids (mean cumulative

dose)

n = 8

(4.5 ± 1.1 mg)

n = 6

(5.0 ± 1.2 mg)

CRP C-reactive protein, ESR erythrocyte sedimentation rate, NSAID
non-steroidal anti-inflammatory drugs, SD standard deviation
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operator-dependent interaction during the whole measure-

ment. The software based on an edge filtering of the region

of interest automatically detected the tips of the two

involved bones. A 1.5 cm long edge path across each bone

was also determined and the distance between the two edges

was measured as a function of the horizontal position. The

mean average and standard deviation of the distance over a

moving interval of 0.8 cm was calculated. The distance

between the bones was defined to be above the edge inter-

val, for which the standard deviation was minimal.

The measurement of the joint spaces was methodically

established for the MCP (thumb to small finger) and

proximal interphalangeal articulation (index finger to small

finger). The joint space width was expressed as the mean

value of the MCPs (thumb to small finger) and the proxi-

mal interphalangeal articulations (index finger to small

finger). The joint space widths was given in mm.

Taking into account the age- and gender-dependent

reduction of DXR and CAJSA parameters, z- and t-scores

were calculated as follows:

CAJSA technique

z-score ¼ ðJSW-parameterspatient

�JSW-parametersage-and gender matched controlÞ=
SDage-and gender matched control

DXR technique

z-score ¼ ðDXR-BMDpatient

� DXR-BMDage-and gender matched controlÞ=
SDage-and gender matched control

t-score ¼ ðDXR-BMDpatient

� DXR-BMDpeak bone mass controlÞ=
SDpeak bone mass control

Ethics

All examinations were performed in accordance with the

rules and regulations of the local human research and

ethics committee. On a special note, the authors empha-

size that all radiographs used for DXR and CAJSA

calculations were performed as part of routine clinical

care. No additional radiographs were obtained only for

study purposes.

Reproducibility data

The intra-radiograph reproducibility (ten measurements

of the same image of the same hand) of the DXR and

CAJSA parameters showed the following coefficients of

variation:

DXR-BMD: 0.05% DXR-MCI 0.13% DXR-CT 0.09%

DXR-W: 0.15% JSD-MCP 0.53% JSD-PIP 0.86%

Statistical analysis

The objective of the statistical analysis was to quantify the

changes of BMD and JSW in patients with RA under

therapy with MTX versus leflunomide. The changes were

verified using the t-test for paired groups (significance

level: P value \ 0.05). The statistical analysis was per-

formed using SPSS� version 14.0 (SPSS, Chicago, Illinois,

USA), for Windows respectively.

Results

Leflunomide group (see Tables 2 and 3)

DXR-BMD increased (?0.4%; P = not significant) from

0.480 ± 0.095 g/cm2 (initial measurement) to 0.482 ±

0.098 g/cm2 (second measurement). A reduction from

0.370 ± 0.104 (initial measurement) to 0.366 ± 0.100

(second measurement) was observed for DXR-MCI

(-1.1%; P = not significant) and from 0.152 ±

0.039 cm to 0.149 ± 0.040 cm (second measurement) for

Table 2 DXR parameters of the leflunomide group

Initial First control (after 2.4 years) Difference Confidence interval Relative change Significance

Mean (SD) Mean (SD) Mean

DXR-BMD in g/cm2 0.480 (0.095) 0.482 (0.098) 0.002 -0.035 to 0.031 ?0.4% NS

t-score -1.82 (1.37) -1.79 (1.49) 0.03 -0.530 to 0.468 NS

z-score -0.93 (1.08) -0.81 (1.21) 0.12 -0.611 to 0.387 NS

DXR-MCI 0.370 (0.104) 0.366 (0.100) 0.004 -0.002 to 0.012 -1.1% NS

DXR-CT in cm 0.152 (0.038) 0.149 (0.040) 0.003 -0.009 to 0.014 -2.0% NS

DXR-W in cm 0.821 (0.109) 0.825 (0.068) 0.004 -0.060 to 0.052 ?4.9% NS

DXR digital X-ray radiogrammetry, BMD bone mineral density, MCI metacarpal index, CT cortical thickness, W bone width, SD standard

deviation, NS not significant
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DXR-CT (-2.0%; P = not significant). Furthermore,

DXR-W increased (?4.9%; P = not significant) from

0.821 ± 0.040 cm (initial measurement) to 0.825 ±

0.068 cm.

JSW-MCP was not significantly reduced (-2.7%) from

1.46 ± 0.27 mm (initial measurement) to 1.42 ± 0.30 mm

(second measurement). The z-score of JSW-MCP also

revealed a minor, insignificant reduction from -0.41 ±

1.11 SD to -0.57 ± 1.37 SD (second measurement).

Equivalent results were obtained for JSW-PIP (-2.1%)

with an insignificant decrease from 0.97 ± 0.20 mm (ini-

tial measurement) to 0.95 ± 0.16 mm and for the

corresponding z-score from -0.58 ± 1.06 SD to -0.74 ±

0.91 SD (second measurement).

Methotrexate group (see Tables 4 and 5)

DXR-BMD was significantly reduced in the MTX group,

with -9.1% (P \ 0.05) from 0.481 ± 0.104 g/cm2 (initial

measurement) to 0.437 ± 0.082 g/cm2 (second measure-

ment). Regarding DXR-MCI (-5.3%) and DXR-CT

(-10.8%), a significant decrease from 0.361 ± 0.081

(initial measurement) to 0.342 ± 0.071 and from 0.148 ±

0.040 cm to 0.132 ± 0.031 cm (second measurement) was

revealed. DXR-W presented no significant reduction

(-0.8%; P = not significant) from 0.783 ± 0.160 cm

(initial measurement) to 0.777 ± 0.077 cm.

JSW-MCP decreased (-5.7%; P \ 0.05) from

1.41 ± 0.33 mm (initial measurement) to 1.33 ± 0.14 mm

Table 3 CAJSA parameters of the leflunomide group

Initial First control (after 2.4 years) Difference Confidence interval Relative change Significance

Mean (SD) Mean (SD) Mean

JSW-MCP in mm 1.46 (0.27) 1.42 (0.30) 0.04 -0.010 to 0.019 -2.7% NS

z-score -0.41 (1.11) -0.57 (1.37) 0.16 -0.433 to 0.761 NS

JSW-PIP in mm 0.97 (0.20) 0.95 (0.16) 0.02 -0.005 to 0.010 -2.1% NS

z-score -0.58 (1.06) -0.74 (0.91) 0.16 -0.186 to 0.523 NS

JSW-MCP joint space width of the metacarpophalangeal joint, JSW-PIP joint space width of the proximal interphalangeal joint, SD standard

deviation, NS not significant

Table 4 DXR parameters of the methotrexate group

Initial First control (after 2.6 years) Difference Confidence interval Relative change Significance

Mean (SD) Mean (SD) Mean

DXR-BMD in g/cm2 0.481 (0.104) 0.437 (0.082) 0.044 0.008 to 0.079 -9.1% P \ 0.05

t-score -1.80 (1.41) -2.41 (1.22) 0.61 0.138 to 1.071 P \ 0.05

z-score -0.53 (1.24) -0.83 (1.19) 0.30 -0.177 to 0.774 NS

DXR-MCI 0.361 (0.081) 0.342 (0.071) 0.019 0.004 to 0.035 -5.3% P \ 0.05

DXR-CT in cm 0.148 (0.040) 0.132 (0.031) 0.016 0.003 to 0.028 -10.8% P \ 0.05

DXR-W in cm 0.783 (0.160) 0.777 (0.077) 0.006 -0.058 to 0.070 -0.8% NS

DXR digital X-ray radiogrammetry, BMD bone mineral density, MC metacarpal index, CT cortical thickness, W bone width, SD standard

deviation, NS not significant

Table 5 CAJSA parameters of the methotrexate group

Initial First control (after 2.6 years) Difference Confidence interval Relative change Significance

Mean (SD) Mean (SD) Mean

JSW-MCP in mm 1.41 (0.33) 1.33 (0.14) 0.07 -0.089 to 0.023 -5.7% P \ 0.05

z-score -0.28 (1.40) -0.39 (0.75) 0.67 -0.134 to 1.482 P \ 0.05

JSW-PIP in mm 0.97 (0.20) 0.91 (0.16) 0.06 -0.016 to 0.012 -6.2% P \ 0.05

z-score -0.27 (0.97) -0.42 (0.76) 0.15 -0.149 to 0.452 NS

JSW-MCP joint space width of the metacarpophalangeal joint, JSW-PIP joint space width of the proximal interphalangeal joint, SD standard

deviation
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(second measurement). JSW-PIP also showed a significant

reduction (-6.2%; P \ 0.05) from 0.97 ± 0.20 mm (ini-

tial measurement) to 0.91 ± 0.16 mm. The z-score

decreased for JSW-MCP from -0.28 ± 1.40 SD (initial

measurement) to -0.39 ± 0.75 SD (second measurement)

and for JSW-PIP from -0.27 ± 0.97 SD to -0.42 ± 0.76

SD (second measurement).

Discussion

Most patients with early RA are characterized by appar-

ently normal hand radiographs despite clinical involvement

of the finger joints. Since differences exist between the

clinical and biochemical disease activity and the occur-

rence of bone defects and joint destruction [6], the acute

phase response (i.e. CRP and ESR), known to correlate

with disease activity, is often not sensitive enough. Con-

ventional radiography has always played a major role in the

diagnosis and follow-up of RA. The disadvantage of con-

ventional imaging is the limited sensitivity in detecting

early periarticular demineralization and narrowing of the

JSW [18].

Digital X-ray radiogrammetry and computer-aided joint

space analysis

The availability of CAD systems in the diagnosis of RA

provides the opportunity for quantitative measurements of

radiographically detectable periarticular demineralization

and disease-related changes of joint space width. DXR,

which operator-independently identifies periarticular

demineralization, and semi-automated CAJSA measure-

ments of JSW offer an advantage for prospective and

retrospective sampling of quantitative data based on digi-

tized hand radiographs. The DXR technique shows an

excellent intra- (0.05–0.33%) and inter-radiograph repro-

ducibility (0.26–1.54%) [19]. The CAJSA technology

provides measurements of JSW with high precision and

reproducibility [20]. In addition, most of the image-cap-

turing conditions (film-focus distance, film sensitivity, film

brand, exposure level) reveal no influence regarding DXR

and CAJSA estimates [19]. Due to the high reproducibility,

the results of both diagnostic tools indicate that estimated

demineralization and joint space narrowing is in fact dis-

ease-related and not based on the precision error of the

CAD methods itself.

Scoring in rheumatoid arthritis

Early diagnosis of RA is not only essential for the optimal

and well timed treatment of osteoporosis, but also for

delaying or stopping inflammatory damage of the affected

joints [7]. Different scoring methods have been validated

and established [21–23] which are based on conventional

radiography as the common imaging technique to evaluate

the progression of RA. Scoring methods are designed to

semiquantitatively measure radiographically visible alter-

ations, in particular erosions and joint space narrowing

caused by cartilage damage.

A major limitation of scoring methods is the subjective

evaluation of disease-related changes in RA, implying a

limited inter- and intra-observer reproducibility, particu-

larly when clinicians with different levels of experience use

these established tools [4].

Computerized measurements of JSW are also compli-

cated by the asymmetrical affection of inflamed joints, by

subluxation and overlying soft tissue [3]. A possible limi-

tation of DXR may be the estimate of the cortical partition

of the bone only, since the cortical bone implies minor

bone metabolism compared to trabecular bone tissue.

Otherwise cortical thinning of periarticular bone, enhanced

by the inflammation process, is a typical phenomenon of

bone destruction in RA [24] which can be assumed due to a

very high bone turnover on the inner bone surface [25].

In addition, several studies could confirm the diagnostic

value of both CAD tools leading to a better discrimination

of severity-dependent demineralization as well as narrow-

ing of the JSW in patients suffering from RA.

For the Steinbroker stage, DXR-BMD significantly

decreased in an extent of -32.7%. The relative reduction

of DXR-MCI was -36.6%. In this context JSW-MCP

(mean) showed a significant narrowing of -52.9% [10].

With regard to the modified Larsen score, DXR-BMD

showed a significant decline of -27.7% and DXR-MCI

also revealed a reduction of -27.5%. A decrease of

-41.2% is also verified for JSW-MCP (mean) [26]. Using

the Sharp scores (Sharp joint space narrowing score and

Sharp erosion score), DXR-BMD was notedly diminished

(-27.7% vs. -20.4%), whereas JSW-MCP showed a nar-

rowing of JSW of up to -36.2% [27].

In a longitudinal study Böttcher et al. (2005) revealed a

significant decrease of DXR-BMD and DXR-MCI as well

as JSW-MCP (total) in RA within a disease duration of six

years. A reduction of -32.1% and -33.3% was observed

for DXR-BMD versus DXR-MCI. The JSW-MCP (total)

showed a relative reduction of -23.5%. An annual DXR-

BMD loss of -3.6%, an annual reduction of DXR-MCI of

-3.2% and an annual narrowing of JSW-MCP (mean) with

-2.0% could be demonstrated on average [10].

Therapeutic effects of leflunomide and methotrexate

on periarticular demineralization

It is well recognized that irreversible joint damage in RA

occurs soon after the onset of symptoms, often within the
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first 2 years. Early consistent treatment, for instance with

DMARDs, is required to prevent joint destruction. Among

the different DMARDs currently used in the treatment of

RA, MTX and sulfasalazine are most frequently prescribed.

Several studies also confirmed the efficacy of leflunomide

in RA. Our data revealed a relative significant reduction of

DXR-BMD (-9.1%) and DXR-MCI (-5.3%) in the MTX

group during an observation period of 2.6 years, whereas

no significant demineralization could be verified for

the leflunomide group (DXR-BMD: ?0.4%; DXR-MCI:

-1.1%).

Some cross-sectional and longitudinal studies evaluated

the impact of MTX treatment resulting in therapy-induced

osteoporosis of RA patients [28–34]. Buckley et al. (1997)

observed BMD changes (measured by dual X-ray absorp-

tiometry (DXA) at the lumbar spine) in both male and

female RA patients (n = 68) treated with MTX. Patients

treated with prednisone (5 mg/day) and MTX showed an

additional bone loss of -8.08% compared to patients

treated with a similar dose of prednisone without MTX.

This suggests that MTX may increase trabecular bone loss

in glucocorticoid-treated patients [30]. The dual X-ray

absorptiometry revealed no difference in the vertebral

BMD values of 12 patients suffering from polymyalgia

rheumatica and treated with prednisone and MTX (10 mg

per week) compared to the initially established values. In

fact, significant bone loss occurred in further 12 patients

with sole prednisone administration (-4.9%, P \ 0.05)

[31]. Mazzantini et al. [32] published the data of a 2-year

longitudinal study evaluating lumbar BMD changes

assessed by dual X-ray absorptiometry in female RA

patients who had recently started a therapy with DMARDs.

After 2 years, 22 patients treated with MTX and 18 patients

treated with other DMARD had lost a comparable amount

of bone mass, while no correlation was found between the

cumulative dose of MTX and the BMD changes within the

2-years observation period [32]. Cranney et al. [33] com-

pared BMD, assessed also by means of DXA, at the lumbar

spine and total femur in male and female RA patients

treated with MTX (n = 30; mean cumulative dose:

2,810 mg) or with another DMARD (n = 30) observing no

significant difference between both groups [33].

Minaur et al. [34] prospectively assessed BMD changes

after 1 year in RA patients treated with MTX (n = 64) or

other DMARDs (n = 52). Univariate analysis of covari-

ance revealed that MTX at baseline was associated with

reduced BMD at the femoral neck [34]. In vitro data

pointed at the fact that MTX reduces the number of

human osteoblasts [35]. Preston et al. [36] confirmed that

MTX had a dose-dependent toxic effect on osteoblastic

cells which could already be identified at concentrations

used in the treatment of RA [36]. The findings of Cegiela

et al. [37] elucidated the disturbed process of bone

remodeling in rats with administration of MTX which

inhibits the synthesis and mineralization of new osseous

matrix. This inhibition resulted in a reduced width of

osteoid (non-mineralized bone matrix) of the periosteum

and the endosteum [37]. The inhibitory effect of MTX on

the osteoblastic cells could be reproduced in in vitro tri-

als, where MTX suppressed bone formation by limited

differentiation of early osteoblastic cells [38] and func-

tional inhibition of mature osteoblasts [39]. May et al.

[40, 41] found that prolonged administration of low-dose

MTX in female rats caused significant osteopenia via

suppression of osteoblast activity and stimulation of

osteoclast recruitment, thus provoking an increased bone

resorption [40, 41].

In contrast to MTX, leflunomide is not associated with

an accentuated periarticular demineralization. Leflunomide

could ameliorate the course of arthritis by its inhibitory

effect on T cells; Urushibara et al. [42] also found that

leflunomide induced a marked suppressive effect on

RANKL activated intracellular signaling and osteoclast

differentiation. Using a bone destruction model character-

ized by the absence of T cells, Urushibara et al. [42]

demonstrated the direct effect of leflunomide in the down-

regulation of osteoclastogenesis, supplementing its sup-

pressive effect on T cells [42].

Focusing on the central role of RANKL in arthritic bone

destruction, antirheumatic drugs such as leflunomide,

which inhibit RANKL signaling, will contribute to the

maintenance of an intact joint structure by the direct

inhibition of osteoclasts [42].

Therapeutic effects of leflunomide and methotrexate

on joint space narrowing

A joint space narrowing could be quantified for JSW-MCP

(leflunomide group: -2.7%; MTX group: -5.7%) and

JSW-PIP (leflunomide group: -2.1%; MTX group:

-6.2%) showing significant results in patients with MTX

therapy.

In a longitudinal study Sharp et al. [13] demonstrated a

reduced structural damage in RA patients under lefluno-

mide therapy. The leflunomide therapy started with a 3-day

loading dose of 100 mg/day, followed by leflunomide daily

doses of 20 mg. The trial consisted of two study cohorts:

US301 (leflunomide or MTX administered for 4–12 months

at an initial MTX dose of 7.5 mg/week which was increased

to 15 mg/week over weeks 6–9 in 60% of the patients) and

MN302 (treatment of leflunomide and MTX for 12 months,

with an initial MTX dose of 7.5 mg/week which was

increased to 10 mg/week at week 4 and to 15 mg/week at or

after week 12). Changes in the Sharp joint space narrowing

score were observed in the US301 study with 0.31 (leflun-

omide) versus 0.41 (MTX). The data of the MN302 study
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showed increased values of 1.48 for leflunomide and 1.08

for MTX estimated by means of the Sharp joint space

narrowing score [13].

Taking into consideration the radiogeometric assess-

ment of RA progression, the results from the study

conducted by van der Heijde et al. [43] in 128 patients with

a mean leflunomide treatment duration of 4.3 years

(100 mg loading dose for 3 days, followed by 20 mg/day

afterwards) demonstrated no radiographically visible pro-

gression in 33% of the RA patients during the leflunomide

therapy [43].

Larsen et al. [14] radiographically assessed the RA

progression in patients treated with leflunomide versus

sulfasalazine during a treatment duration of 24 months and

demonstrated a delay in disease progression under leflun-

omide application compared to sulfasalazine (observed as

early as 6 months after the start of the treatment and still

effective after the 24-month treatment) [14].

A limitation of the study is the difference of age

between the MTX and leflunomid group. Furthermore, the

study is limited by the small number of included patients.

Additionally, further prospective studies are necessary with

an increased number of participants to verify the results of

this initial study.

Conclusion

The refinement of CAD techniques has promoted the pre-

cise measurements of several radiogeometric features in

RA using digitized hand radiographs. Possible applications

and the clinical importance of DXR and CAJSA might

result in a retrospective and also prospective BMD calcu-

lation and quantification of joint space narrowing in

routinely performed follow-up radiographs in order to

monitor the progression of RA under different therapeutic

regimes and to confirm the reparative changes after

DMARD treatment. For this reason, the operator-inde-

pendent and widely available DXR and CAJSA technology

could be important diagnostic tools considering the indi-

vidual severity and disease activity of RA based on

quantitative data on periarticular osteoporosis and joint

space narrowing. The clinician is able to consecutively

optimize the therapeutic strategies in order to prevent joint

destruction which will inevitably lead to high disability and

morbidity.
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19. Böttcher J, Pfeil A, Rosholm A, Malich A, Petrovitch A, Heinrich

B et al (2005) Influence of image-capturing parameters on Digital

X-Ray Radiogrammetry. J Clin Densitom 8:87–94. doi:10.1385/

JCD:8:1:087
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