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Abstract

Introduction: The aim of this study was to assess a novel approach for the quantification of finger joint space
narrowing and joint destruction in patients with rheumatoid arthritis (RA) focusing on the peripheral hand
articulations.

Methods: A total of 280 patients with verified RA underwent computerized semi-automated measurements of
joint space distance at the finger articulations based on radiographs. The Z-Score, which can differentiate between
joint space alterations caused by RA versus age/gender-related changes, was calculated as a comparative
parameter. The severity of joint space narrowing was also quantified by the Sharp Score. Sensitivity and specificity
of the Z-Score (based on joint space widths differentiated for each peripheral finger joint) were evaluated to reveal
the potential for the occurrence of erosions. Additionally, the potential of the Z-Score regarding the differentiation
of therapeutic effects on joint space widths in patients under a therapy of methotrexate versus leflunomide was
performed.

Results: The Z-Scores of finger articulations in patients with RA were generally decreased. Metacarpal-phalangeal
(MCP) joint articulations showed a continuous significant decline of -1.65 ± 0.30 standard deviations dependent on
the Sharp Score. The proximal-interphalangeal joints also revealed a significant reduction of the Z-Score (-0.96 ± 0.31
standard deviations). The sensitivity and specificity of MCP joint space distance for the detection of erosions were
85.4% versus 55.2%. The Sharp Score for joint space narrowing was not able to detect different treatments, whereas
an accentuated stabilization of joint space narrowing could be identified for the Z-Score of the MCP joints in patients
treated with leflunomide and methotrexate.

Conclusion: The Z-Scoring method based on computer-aided analysis of joint space widths was able to reliably
quantify severity-dependent joint space narrowing in RA patients. In the future, calculation of a Z-Score based on
gender-specific and age-specific reference data shows the potential for a surrogate marker of RA progression that
comprehends the early identification of patients with RA, and in particular those with erosive course of the disease,
enabling a timely therapeutic strategy for cartilage protection.

Rheumatoid arthritis (RA) is a chronic inflammatory
disease characterized by synovial inflammation leading to
cartilage destruction and resulting in joint space narrow-
ing, bone erosions, and periarticular demineralization.
Consequently, RA scoring from radiographs involves
three aspects: bone mineral density, joint space width,
and hand erosion count. Besides the measurement of dis-
ease activity, a major outcome criterion of clinical trials

is the assessment of radiographic progression based on
the detection of erosions and joint space narrowing [1].
However, currently established scoring methods,
although widely applied, have been associated with sev-
eral limitations such as limited generalizability and objec-
tivity due to the difficulty of standardized scoring by
different readers with variable experience [2].
Recent advances in computer-aided diagnosis now

offer the opportunity for a standardized measurement of
radiographically visible alterations focusing on the small
joints of the hand [3], with a focus on the assessment of
joint space widths [4]. Computer-based methods for the
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measurement of joint space width could provide sub-
stantial advantages in comparison with the assessment
of joint space narrowing by manual scoring methods,
because of improved standardization, sensitivity, and
reproducibility [5,6].
Computer-aided joint space analysis (CAJSA) is a

relatively new technique that performs semi-automated
measurements of joint space distances (JSDs) at the finger
articulations using digitized hand radiographs [7].
Recently, new data have shown an age-specific and gen-
der-specific joint space narrowing in healthy subjects and
RA patients [7,8].
Pfeil and colleagues introduced the Z-Score to differenti-

ate RA-induced joint space narrowing from age-related
and gender-related changes of finger joint space widths
[9]. The aim of this study was to assess the potential of
this novel approach based on Z-Score calculations to
reliably quantify finger joint space narrowing in RA
patients as well as to illustrate its sensitivity and specificity
depending on the occurrence of bone erosions. Addition-
ally, the clinical relevance of the Z-Score was determined
in the comparison of two different patient groups treated
with methotrexate and leflunomide considering a head-to-
head comparison of manual and automated joint space
narrowing scoring.

Materials and methods
Patients
The current study consisted of 280 patients (201 women
and 79 men) with RA as defined by the American Col-
lege of Rheumatology 1987 criteria [10]. The study was
divided into two parts with a cross-sectional and a long-
itudinal analysis of the Z-Score using a head-to-head
comparison of manual and automated joint space
narrowing scoring.
Cross-sectional Z-Score analysis
A total of 186 patients (133 female and 53 male) with age
ranging from 33.0 to 77.0 years (mean ± standard devia-
tion (SD): 54.7 ± 11.1 years) and mean disease duration of
7.6 ± 8.4 years were included in the first part of the
section. No preselection regarding the grade of RA or
steroid therapy was considered. All patients were treated
with disease-modifying antirheumatic drugs and 91
patients were on prednisolone therapy (mean dosage:
5 mg/day). Patients with signs of fracture or visible osteo-
synthetic material as well as patients showing one joint
with a Sharp Score for joint space narrowing of 4 were
excluded.
Longitudinal Z-Score analysis
The second part of the study included 94 patients
(68 women and 26 men) participating in the LEMERADIX
REGISTER (Retrospective Comparison of Leflunomide
and Methotrexate in Rheumatoid Arthritis by Digital
Radiogrammetry and CAJSA) as a prospectively planned,

comparative, multicenter retrospective study in patients
suffering RA. The mean age and disease duration was 54.8
± 13.0 years versus 2.4 ± 5.6 years. Fifty-three patients
were treated on average with 15 mg/week methotrexate
and 41 patients were treated with leflunomide (10 mg/day,
five patients; 20 mg/day, 36 patients). Of the patients, 55%
were positive for antibodies to citrullinated proteins and
64% were positive for rheumatoid factor. The time differ-
ence between the first and second X-ray scans was 1.87 ±
0.68 years. All patients had to fulfill the following criteria:
monotherapy with either leflunomide or methotrexate
during the entire documentation period; no combination
therapy of leflunomide or methotrexate with other
disease-modifying antirheumatic drugs; no intake of
bisphosphonates or hormone replacement therapy during
the documentation period; an available X-ray scan of one
hand at the start of therapy with leflunomide or metho-
trexate (± 3 months); radiographs of the same hand from
the time period 1 to 3 years after the start of therapy with
leflunomide or methotrexate; age ≥18 years; and patient
informed consent prior to inclusion. Patients with visible
osteosynthetic material were excluded.

Methods
Computer-aided joint space analysis for quantifying joint
space width
CAJSA (version 1.3.6; SectraLinköping, Sweden) was used
to measure joint space widths of the metacarpal-phalangeal
(MCP), proximal-interphalangeal (PIP) and distal-interpha-
langeal (DIP) joints of each finger of both hands. This
technique was introduced as a semi-automated measure-
ment of finger joint space widths and has been described in
detail by Pfeil and colleagues [7]. The region of interest for
measurement of the joint space width was located by the
operator as a unique user-dependent procedure during the
measurement process. Subsequently, the CAJSA technique
automatically measures JSDs (see Figure 1), obtaining
excellent reproducibility [11]. Additionally, the region of
interest was not located in joint areas with erosive destruc-
tions of the cortical layer to prevent reliable estimates. The
time required for analysis of one joint is less than 90
seconds. To quantify age-independent and gender-indepen-
dent joint space narrowing, the Z-Score of the CAJSA mea-
surements was used [9]. The Z-Score is calculated for each
joint as follows and is expressed in SDs:

Z - Score = (JSDpatient−JSDage−matched and gender−matched control)%SDage−matched and gender−matched control

The used reference collective were characterized as
published by Pfeil and colleagues [7]. For the reference
collective, all diseases that potentially influence joint space
width were excluded (for example, signs of fracture,
amputation, endocrinological diseases known to affect
bone metabolism, rheumatic diseases, genetic diseases,
oncological diseases, osteoarthritis).
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Scoring of the radiographs
All radiographs were scored by the same two radiologists
in a blinded manner using the Sharp Scores with the joint
space narrowing as well as the erosion score segments [12],
which evaluates joints of the hands as follows: Sharp Score
for erosion, which evaluates 34 joints of the hands (total
sum of points: 170); and Sharp Score for joint space nar-
rowing, which evaluates 36 joints of the hands (total sum
of points: 144). The scale is as follows: score 0 = normal
joint; score 1 = initial reduction of the joint space width;
score 2 = reduction of the joint space width <50%; score 3
= joint space narrowing >50%; and score 4 = ankylosis [12].
To reveal statistical evidence, the individual sum of

scoring points was then divided by the number of evalu-
ated joints and an average joint space narrowing score
of the joints was obtained. If there was ambiguity in the
blind assessment, a third radiologist reviewed the radio-
graphs and provided the final decision.

Ethics committee
All examinations were performed in accordance with the
rules and regulations of the local Human Research and
Ethics Committee of Friedrich-Schiller-University Jena.
As a special note, the authors confirm that all radio-
graphs used for CAJSA calculations were performed as
part of routine clinical care; no additional radiographs
were obtained only for study purposes.

Statistical analysis
Statistical analysis was performed using SPSS® Version
15.0 (SPSS, Chicago, IL, USA) for Windows.
Cross-sectional Z-Score analysis
The Spearman correlation coefficient was used to inves-
tigate associations between the Z-Score and the Sharp
Score for joint space narrowing.
Severity-dependent joint space narrowing of the finger

joints in the course of RA was evaluated based on the

Figure 1 Hand radiograph illustrating region of interest measurement of joint space width at the metacarpal-phalangeal articulation.
The joint edges were detected as intensity maximum and the joint space distances were measured with 180 measurement points per
centimeter between the two lines, which define the cortical layer of the articulation bones.
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Sharp Score for joint space narrowing. The differences
were calculated with the independent-sample t test.
All patients were divided in two groups with and with-

out bone erosions to quantify sensitivity and specificity of
the Z-Score as well as of the Sharp Score for joint space
narrowing dependent on the occurrence of bone erosions.
The sensitivity and specificity was evaluated by receiver
operating characteristic curve analysis.
Longitudinal Z-Score analysis
The objective of the second study part was to quantify
therapeutic changes of the Z-Score in RA patients
undergoing therapy with methotrexate compared with
leflunomide. The changes from first to second X-ray
scans were compared within the groups by the Mann-
Whitney U Test.
The significance level was considered with P < 0.05 as

significant.

Results
Cross-sectional Z-Score analysis
Association between Z-Score and Sharp Score
The highest significant coefficient of correlation was
observed between the Z-Score (MCP total) and the Sharp
Score with r = 0.63 (P < 0.001). Regarding the PIP articula-
tions, a lower significant correlation coefficient (r = 0.33;
P < 0.01) of the Z-Score (PIP total) associated with the
Sharp Score was revealed. Furthermore, the Z-Score of the
DIP joints presented a nonsignificant coefficient of corre-
lation compared with the Sharp Score (r = 0.15; P = not
significant).
Reduction of finger joint space widths illustrated by the Z-
Score dependent on disease severity
For MCP articulation (see Table 1 and Figure 2), the
Z-Score (MCP total) showed a continuous significant
decline (-1.65 ± 0.30 SDs) from 0.24 ± 0.33 SDs (score 0)
to -1.41 ± 1.01 SDs (score 3). The index finger showed the

strongest decrease in the Z-Score (-2.37 ± 0.43 SDs) from
0.46 ± 0.62 SDs (score 0) to -1.91 ± 1.57 SDs (score 3).
The thumb and middle finger also presented a decrease of
-1.74 ± 0.42 SDs (thumb) from 0.27 ± 0.62 SDs (score 0)
to -1.46 ± 1.54 SDs (score 3) versus -1.77 ± 0.46 SDs (mid-
dle finger) from 0.32 ± 0.61 SDs (score 0) to -1.45 ± 1.69
SDs (score 3). The Z-Score also decreased for the ring fin-
ger by -1.39 ± 0.36 SDs and for the little finger by -1.56 ±
0.43 SDs.
For PIP articulation (see Table 2 and Figure 2), the

Z-Score (PIP total) significantly decreased (-0.96 ± 0.31
SDs) from 0.01 ± 0.46 SDs (score 0) to -0.95 ± 1.14 SDs
(score 3). The index finger showed a significant decline
(-1.23 ± 0.31 SDs) from 0.18 ± 0.84 SDs (score 0) to -1.05 ±
1.08 SDs (score 3). The Z-Score of the middle finger was
significantly reduced by -1.07 ± 0.42 SDs from 0.05 ±
0.43 SDs (score 0) to -1.02 ± 0.39 SDs (score 3). The
ring finger demonstrated a less significant reduction
(-0.73 ± 0.35 SDs) from 0.02 ± 0.51 SDs (score 0) to -0.71 ±
1.27 SDs (score 3) as well as the little finger (-0.67 ±
0.29 SDs) from 0.02 ± 0.91 SDs (score 0) to
-0.65 ± 1.40 SDs (score 3).
For DIP articulation (see Table 3 and Figure 2), the

Z-Score (DIP total) showed no significant decrease with
-0.47 ± 0.34 SDs from -0.14 ± 1.02 SDs (score 0) to -0.61
± 1.18 SDs (score 3). The index finger revealed a nonsigni-
ficant reduction of -0.65 ± 0.37 SDs from -0.01 ± 1.20 SDs
(score 0) to -0.66 ± 1.28 SDs (score 3). The middle finger
and ring finger presented a similar nonsignificant decrease
between score 0 and score 3 of -0.58 ± 0.38 SDs versus
-0.57 ± 0.47 SDs. The lowest decline was observed for the
little finger, with -0.47 ± 0.47 SDs from -0.03 ± 0.97 SDs
(score 0) to -0.50 ± 1.71 SDs (score 3).
Regarding sensitivity and specificity of the Z-Score and

the Sharp Score for joint space narrowing dependent on
the existence of erosions (see Table 4), for the Sharp Score

Table 1 Finger joint space width reduction estimated by computer-aided joint space analysis for metacarpal-
phalangeal articulation

Z-Score

Average Sharp Score for joint space
narrowing

MCP
(thumb)

MCP (index
finger)

MCP (middle
finger)

MCP (ring
finger)

MCP (little
finger)

MCP
(total)

0 0.27 ± 0.62 0.46 ± 0.62 0.32 ± 0.61 0.21 ± 0.55 0.15 ± 0.58 0.24 ±
0.33

1 -0.31 ± 0.70 -0.37 ± 0.83 -0.11 ± 0.58 -0.05 ± 0.66 -0.11 ± 0.60 -0.16 ±
0.29

2 -0.39 ± 0.82 -0.70 ± 0.96 -0.39 ± 0.91 -0.11 ± 0.82 -0.33 ± 0.78 -0.39 ±
0.44

3 -1.46 ± 1.54 -1.91 ± 1.57 -1.45 ± 1.69 -1.18 ± 1.30 -1.41 ± 1.59 -1.41 ±
1.01

Difference between score 0 and 3 1.74 ± 0.42 2.37 ± 0.43 1.77 ± 0.46 1.39 ± 0.36 1.56 ± 0.43 1.65 ±
0.30

Significance, P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Data presented as mean ± standard deviation. Reduction of finger joint space widths from score 0 to 3 using the average Sharp-van der Heijde score as
estimated by computer-aided joint space analysis for the metacarpal-phalangeal (MCP) articulation.
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for joint space narrowing a sensitivity and specificity of
48.3% and 100.0% (area under the curve 0.988, P < 0.01)
were verified regarding the detection of erosions. A high
sensitivity with a moderate specificity in the case of bone
erosions was observed by the Z-Score, presenting the best
data for MCP articulation of the index finger with 87.9%
versus 55.2% (area under the curve 0.806, P < 0.01). The Z-
Score (MCP total) revealed a sensitivity and specificity of
85.4% versus 55.2% (area under the curve 0.797, P < 0.01).
Regarding the Z-Score of the PIP and DIP articulation
(total), lower sensitivity of 67.5% (area under the curve

0.678, P < 0.01) and 53.8% (area under the curve 0.520, P =
not significant) was observed.

Longitudinal Z-Score analysis
Radiological progression
For both treatment groups (leflunomide and methotrex-
ate), no significant changes of the Sharp Score for ero-
sion and the Sharp Score for joint space narrowing over
the observation period of 1.8 years were observed (see
Table 5). The median Sharp Score for joint space
narrowing of the first and second measurements was 1.
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Figure 2 Joint space width reduction based on computer-aided joint space analysis-specific Z-Scores. Reduction of joint space widths
based on the computer-aided joint space analysis-specific Z-Score differentiated for each finger and for all articulations between Sharp-van der
Heijde score 0 and 3.

Table 2 Finger joint space width reduction estimated by computer-aided joint space analysis for proximal-
interphalangeal articulation

Z-Score

Average Sharp Score for joint space narrowing PIP (index finger) PIP (middle finger) PIP (ring finger) PIP (little finger) PIP (total)

0 0.18 ± 0.84 0.05 ± 0.43 0.02 ± 0.51 0.02 ± 0.91 0.01 ± 0.46

1 -0.34 ± 1.06 -0.25 ± 1.11 -0.11 ± 0.47 -0.28 ± 0.97 -0.27 ± 0.65

2 -0.47 ± 1.02 -0.43 ± 1.12 -0.41 ± 1.08 -0.35 ± 1.06 -0.42 ± 0.79

3 -1.05 ± 1.08 -1.02 ± 0.39 -0.71 ± 1.27 -0.65 ± 1.40 -0.95 ± 1.14

Difference between score 0 and 3 1.23 ± 0.31 1.07 ± 0.42 0.73 ± 0.35 0.67 ± 0.29 0.96 ± 0.31

Significance, P <0.01 <0.05 <0.05 <0.05 <0.05

Data presented as mean ± standard deviation. Reduction of finger joint space widths from score 0 to 3 using the average Sharp-van der Heijde score as
estimated by computer-aided joint space analysis for the proximal-interphalangeal (PIP) articulation.
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Influence of disease-modifying antirheumatic drug therapy
on the Z-Score
For the methotrexate-treated patients, the Z-Score (MCP
total) decreased (-0.13 SDs) from 0.08 SDs (initial mea-
surement) to -0.05 SDs (second measurement) (see Table
5). Regarding the leflunomide-treated group, the Z-Score
(MCP total) was not significantly reduced (-0.03 SDs)
from 0.16 SDs (initial measurement) to 0.13 SDs (second
measurement).

Discussion
CAJSA based on digital radiographs clearly offers a super-
ior quantification of joint space narrowing in RA. The aim
of this study was to elucidate the value of the Z-Score for
the RA-related quantification of finger joint space

narrowing depending on the severity of RA as well as the
sensitivity and specificity in dependence on visible bone
erosions. Furthermore, the clinical relevance of the Z-
Score was determined in the comparison of two different
patient groups treated with disease-modifying antirheu-
matic drugs (methotrexate and leflunomide).

Technical implementation of the computer-aided joint
space analysis technique
A previous study showed that technical parameters, such
as exposure level, film brand, film sensitivity, and film
focus distance, do not affect the reproducibility of CAJSA
measurements during the image-acquisition process [13].
Recently published data presented no influence of hand
rotation on CAJSA measurements with the exception of a
hand rotation of more than 15° during X-ray imaging,
which is complementary to an oblique acquired hand
radiograph and should be not used for CAJSA measure-
ments [11]. Concerning reproducibility, measurements of
joint space widths by CAJSA are reliable due to the high
inter-radiograph reproducibility (CAJSA measurements
were evaluated on 10 radiographs of the same subject that
were performed with repositioning under standard X-ray
settings) for conventional hand radiographs (coefficient of
variation 0.66%) and digital hand radiographs (coefficient
of variation 0.63%). Additionally, an excellent intra-radio-
graph reproducibility (10 repeated CAJSA analyses of the
same hand radiograph) revealed an advanced coefficient of
variation with 0.54% for conventional and 0.38% for digital
imaging techniques [11]. Furthermore, CAJSA measure-
ments implied a decrease of reproducibility between
Sharp-van der Heijde Scoring method score 0 (coefficient
of variation 0.37%) and Sharp-van der Heijde Scoring
method score 3 (coefficient of variation 1.37%) based on
the more complicated contour finding of joint margins in
higher grades of RA joint destruction [11].

Influence on finger joint space width
The influence of body size and influence of body weight
are potential factors that could influence the measurement

Table 3 Finger joint space width reduction estimated by computer-aided joint space analysis for distal-interphalangeal
articulation

Z-Score

Average Sharp Score for joint space narrowing DIP (index finger) DIP (middle finger) DIP (ring finger) DIP (little finger) DIP (total)

0 -0.01 ± 1.20 -0.18 ± 1.00 -0.07 ± 1.54 -0.03 ± 0.97 -0.14 ± 1.02

1 -0.33 ± 0.71 -0.20 ± 1.30 -0.18 ± 0.72 -0.35 ± 0. 85 -0.22 ± 0.78

2 -0.53 ± 1.27 -0.34 ± 1.02 -0.37 ± 1.06 -0.41 ± 1.03 -0.39 ± 0.77

3 -0.66 ± 1.28 -0.76 ± 1.35 -0.64 ± 1.61 -0.50 ± 1.71 -0.61 ± 1.18

Difference between score 0 and 3 0.65 ± 0.37 0.58 ± 0.38 0.57 ± 0.47 0.47 ± 0.47 0.47 ± 0.34

Significance, P NS NS NS NS NS

Data presented as mean ± standard deviation. Reduction of finger joint space widths from score 0 to 3 using the average Sharp-van der Heijde score as
estimated by computer-aided joint space analysis for the distal-interphalangeal (DIP) articulation. NS, not significant.

Table 4 Z-Score sensitivity and specificity based on
computer-aided joint space analysis dependent on onset
of erosions

Z-Score Sensitivity (%) Specificity (%)

Metacarpal-phalangeal joint

Thumb 73.2 51.7

Index finger 87.9 55.2

Middle finger 75.8 55.2

Ring finger 70.1 51.7

Little finger 77.1 51.7

Total 85.4 55.2

Proximal-interphalangeal joint

Index finger 74.5 44.8

Middle finger 70.7 58.6

Ring finger 69.4 58.6

Little finger 63.1 51.7

Total 67.5 51.7

Distal-interphalangeal joint

Index finger 58.6 41.4

Middle finger 53.5 48.3

Ring finger 62.4 41.4

Little finger 51.0 48.3

Total 53.5 37.9
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of finger joint space width. In this context, data for this
observation are very rare. A cross-sectional study of RA
patients revealed no influence of body mass index on
CAJSA measurements for the MCP, PIP and DIP articula-
tions, excluding MCP JSD in underweight RA patients
with body mass index <20 kg/m2 [8]. Generally, there is
no significant influence of body weight, height, and body
mass index on CAJSA measurements.
Recently published studies have evaluated finger joint

space widths in healthy Caucasians as estimated by
CAJSA. These results revealed a continuous reduction of
finger joint space widths dependent on age and gender.
Women demonstrated a significantly smaller joint space
width (MCP JSD = -11.1%, PIP JSD = -15.4% and DIP JSD
= -16.7%) compared with men. In healthy subjects, joint
space widths also showed a significant reduction between
age 30 and 79 years (MCP JSD = -20.1%, PIP JSD = -21.4%
and DIP JSD = -24.8%) [7,14,15]. Goligher and colleagues
estimated JSD at the MCP articulation in patients with
early RA by a computerized, semi-automated joint space
width analysis. The authors also found a narrowing of
MCP JSD (-7.2%; not significant) between patients aged
under 50 years compared with those over 60 years [16]. In
a previous trial, Pfeil and colleagues confirmed a signifi-
cant age-dependent decrease (age 20 to 39 years compared
with age 60 to 79 years) of the MCP JSD (-24.8%) in RA
patients. Additionally, their study showed an expected nar-
rowing of joint space widths in women (JSD MCP =
-10.4%, PIP JSD = -11.7% and DIP JSD = -16.0%) com-
pared with men [8].

Z-Score for quantification of finger joint space narrowing
Reliable differentiation between RA-related versus age-
dependent and gender-dependent joint space narrowing is
very difficult, highlighting the need to implement norma-
tive data. A possible solution is the use of an age-indepen-
dent and gender-independent parameter for the

quantification of JSD. The Z-Score of the peripheral finger
articulations and their joint space widths offers the advan-
tage for an age-independent and gender-independent
quantification of joint space alterations in RA.
The study presented a highly significant correlation

between the Z-Score of the MCP articulations and the
Sharp Score for joint space narrowing. Our data demon-
strated a continuously significant joint space narrowing as
measured by the Z-Score using the Sharp Score for joint
space narrowing for assessment of RA severity. The Z-
Score (MCP total) showed a continuous significant decline
from 0.24 ± 0.33 SDs (Sharp Score for joint space narrow-
ing = 0) to -1.41 ± 1.01 SDs (Sharp Score for joint space
narrowing = 3). Regarding the PIP articulations, the Z-
Score (PIP total) significantly decreased from 0.02 ± 0.46
SDs (Sharp Score for joint space narrowing = 0) to -0.95 ±
1.14 SDs (Sharp Score for joint space narrowing = 3). The
Z-Score of the DIP articulations (total) showed no signifi-
cant results. Regarding the DIP joints, a nonsignificant
correlation was observed between the Z-Score and the
Sharp Score for joint space narrowing. The Z-Score was
able to show early manifestations of RA at the MCP
articulations [17] and to quantify joint destruction (also
indicated by the Sharp Score for joint space narrowing).
Furthermore, the lack of correlation between the Z-Score
of the DIP joints and the Sharp Score for joint space nar-
rowing was expected and also in accordance with the non-
involvement of DIP joints in RA. In the case of a reduced
Z-Score of the MCP and PIP articulations with an absence
of joint space reduction of the DIP joints, the normal joint
space widths of DIP joints can be used as a diagnostic cri-
terion for RA.
Furthermore, the study by Pfeil and colleagues observed

positive Z-Scores (MCP articulations) for a Sharp Score
for joint space narrowing of 0 (1.86 ± 0.15 SDs) [9]. This
study confirmed positive Z-Scores for the MCP (0.24 ±
0.33 SDs) and PIP articulations (0.02 ± 0.46 SDs) based on
a Sharp Score for joint space narrowing of 0. A Sharp
Score for joint space narrowing of 0 is defined as a joint
space width with an absence of joint space narrowing. The
positive Z-Scores for a Sharp Score for joint space narrow-
ing of 0 indicate that these RA patients have a larger joint
space than healthy subjects. This phenomenon is caused
by joint effusion and disease-related synovitis in the early
stages of RA, followed by a joint space narrowing in the
prolonged course of RA [9,18].
Our observations also revealed an advanced narrowing

of the Z-Score for the MCP articulations from a Sharp
Score for joint space narrowing of 2 (-0.39 ± 0.44 SDs)
to a Sharp Score for joint space narrowing of 3 (-1.41 ±
1.01 SDs). Using the Sharp Score for joint space narrow-
ing, the Z-Score of the MCP articulations confirmed an
accentuated reduction from score 2 (-0.39 ± 0.57 SDs)
to score 3 (-1.83 ± 1.28 SDs) [9]. This result could be

Table 5 Changes of Sharp Score for joint space
narrowing and Z-Score over 1

Sharp Score for joint space
narrowing

Z-Score (standard
deviations)

Leflunomide

First X-ray
scan

1 0.16

Second X-
ray scan

1 0.13

Change 0 -0.03

Methotrexate

First X-ray
scan

1 0.08

Second X-
ray scan

1 -0.05

Change 0 -0.13

Data presented as median.
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explained by the advanced difference of joint destruction
in RA patients between score 3 (reduction of the joint
space width >50%) compared with score 2 (reduction of
the joint space width <50%) quantified by the Sharp
Score for joint space narrowing, respectively.

Z-Score for evaluation of bone erosions and as a
surrogate marker of RA progression
The general consensus is that inflammation leads to
structural damage including joint space narrowing and
periarticular erosions in RA [19]. Based on the data of
the ASPIRE trial, the evaluation of RA progression
based on erosions and joint space narrowing as a paral-
lel or independent process was performed [19,20]. On
the one hand, the study clearly verified that worsening
of erosions leads to progression of erosions and the
worsening of joint space narrowing predisposes to
progression of joint space narrowing in early RA [19,20].
On the other hand, the ASPIRE trial points out that
joint space narrowing at baseline is associated in 9.5%
with the formation of erosion and in 3.5% with the wor-
sening of joint space narrowing [20]. Consecutively, an
interesting question is the association between joint
space narrowing as measured by the Z-Score and the
onset of bone erosions. Our data revealed a high sensi-
tivity (85.4%) for MCP JSD (total) in the case of visible
bone erosions. For the conventional Sharp Score for
joint space narrowing, a sensitivity and specificity of
48.3% and 100.0% was verified. The results showed that
the prediction of erosions by the Sharp Score for joint
space narrowing is low. These facts points out the
predictive value of the Z-Score in the identification of
erosive RA courses. Additionally a normal joint space
width as quantified by the Sharp Score for joint space
narrowing is not associated with erosions.

Clinical relevance of the Z-Score
The treatment with disease-modifying antirheumatic
drugs could diminish the progression of erosions and joint
space narrowing. The Z-Score was able to differentiate
between different treatment groups in RA.
The first study to our knowledge that evaluated the

CAJSA-based joint space measurement technique for
value as a therapy control tool was initiated by Pfeil and
coworkers [21]. In this initial retrospective pilot study with
40 patients, a different therapeutic potency between meth-
otrexate and leflunomide showed a remarkable reduced
joint space narrowing for individuals treated with lefluno-
mide [21]. This advanced multicenter study including 94
patients based on the LEMERADIX REGISTER revealed
no significant changes of the Sharp Score for joint space
narrowing in head-to-head comparison with the Z-Score.
An accentuated stabilization of joint space narrowing

could be identified for the Z-Score of the MCP joints in
both subgroups treated with leflunomide and methotrex-
ate, and the Z-Score was able to quantify therapeutic
effects in a longitudinal study design. In a longitudinal
study, Sharp and colleagues demonstrated a reduced struc-
tural damage in RA patients under leflunomide therapy;
both study cohorts (MN302 und US301) showed increased
values of up to 1.48 for leflunomide and up to 1.08 for
methotrexate estimated by means of the Sharp Score for
joint space narrowing [22]. Taking into consideration the
radiogeometric assessment of RA progression, the results
from the study conducted by van der Heijde and collea-
gues in 128 patients with a mean leflunomide treatment
duration of 4.3 years demonstrated no radiographically
visible progression in 33% of the RA patients during the
leflunomide therapy [23]. Larsen and colleagues radiogra-
phically demonstrated a delay in disease progression
under leflunomide application compared with sulfasala-
zine, which was observed as early as 6 months after the
start of treatment and was still effective after 24 months of
treatment [24]. Further prospective therapy studies are
necessary to confirm the value of the Z-Score in the eva-
luation of therapeutic effects in patients with early as well
as prolonged RA.
A study comparing hand disability assessed by ques-

tionnaire and joint damage measured by the Sharp
Scores for erosion and for joint space narrowing has
been undertaken by Smolen and colleagues. The study
revealed that an increasing Sharp Score for erosion did
not lead to an increasingly irreversible hand disability,
but an increasing Sharp Score for joint space narrowing
is significantly associated with more severe hand disabil-
ity [25]. This finding indicates that irreversible hand dis-
ability may be primarily mediated by cartilage
destruction and not by bone damage due to bone ero-
sion. Further studies using the CAJSA technique should
be performed to illustrate these important results.
A potential limitation of the CAJSA technique is the

impossible usage in patients with a Sharp Score for joint
space narrowing of 4, which is characterized by ankylosis,
subluxation, and luxation. Especially, three-dimensional
deformities such as subluxation and luxation are potential
evaluation errors for the CAJSA technique. On the con-
trary, the CAJSA system includes integrated self-checking
that detects a malalignment of the bone edges and auto-
matically interrupts the measurement process. Further-
more, the study of Pfeil and colleagues revealed no
influence of hand rotation on CAJSA measurements using
plain radiographs in anterior-posterior projection [11].
Otherwise, modern therapeutic strategies will hopefully
limit the number of these patients with advanced joint
destruction and the CAJSA technique can also be used in
the diagnosis of early RA.
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Conclusion
This study presents the severity-dependent reduction of
joint space widths using the Z-Score based on CAJSA esti-
mates in patients with RA, in particular the MCP JSD of
the second and third fingers as a surrogate marker of RA
progression. The Z-Scoring of the CAJSA method would
also help to identify those patients with aggressive RA who
develop joint damage before visible erosions occur and
enables a reliable as well as more precise estimation of
joint space widths without influence of age or gender.
Additionally, stabilization of the joint space narrowing was
observed for patients treated with disease-modifying anti-
rheumatic drugs. This technique is also cost-effective,
allows a timely diagnosis of RA, whether in early or later
disease stages, and potentially provides an earlier planning
of appropriate therapeutic strategies.
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