
 1

 
Hand bone densitometry: a more sensitive standard for the assessment of early bone damage 
in rheumatoid arthritis  
 
Glenn Haugeberg, Michael J. Green, Philip G. Conaghan, Mark Quinn, Richard Wakefield, 
Susanna M. Proudman, Sheena Stewart, Elizabeth Hensor, Paul Emery 
 
Degrees and Affiliations: 
Glenn Haugeberg MD PhD, Department of Rheumatology Sørlandet Hospital, Kristiansand 
and professor at the Norwegian University of Science and Technology (NTNU), Trondheim, 
Norway. 
Michael J. Green MBChB MRCP, Consultant Rheumatologist. Academic Unit of 
Musculoskeletal Disease, University of Leeds, Leeds UK 
Philip G. Conaghan PhD FRACP FRCP, Professor of Musculoskeletal Medicine, Academic 
Unit of Musculoskeletal Disease, University of Leeds, Leeds UK 
Mark Quinn MBChB MRCP, Consultant Rheumatologist. Academic Unit of Musculoskeletal 
Disease, University of Leeds, Leeds UK 
Richard Wakefield MD, MRCP. Academic Unit of Musculoskeletal Disease, University of 
Leeds, Leeds UK 
Susanna M. Proudman MB BS PhD FRACP.  Senior Visiting Rheumatologist, Rheumatology 
Unit, Royal Adelaide Hospital, North Terrace Adelaide, 5000, Australia. 
Sheena Stewart Academic Unit of Musculoskeletal Disease, University of Leeds, Leeds UK 
Elizabeth Hensor PhD, Academic Unit of Musculoskeletal Disease, University of Leeds, 
Leeds UK 
Paul Emery MA MD FRCP, Professor at the Academic Unit of Musculoskeletal Disease, 
University of Leeds, Leeds UK 
 
Corresponding author and address for reprint requests: 
Professor Paul Emery 
Academic Unit of Musculoskeletal Disease 
Chapel Allerton Hospital  
Chapeltown Road 
Leeds LS7 4SA, United Kingdom 
e-mail: p.emery@leeds.ac.uk 
 
Running title: Hand DEXA and bone damage in early RA 
 
Key words: early rheumatoid arthritis, bone densitometry, smallest detectable change 

 ARD Online First, published on May 9, 2007 as 10.1136/ard.2006.067652

Copyright Article author (or their employer) 2007. Produced by BMJ Publishing Group Ltd (& EULAR) under licence. 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.2006.067652 on 9 M
ay 2007. D

ow
nloaded from

 

http://ard.bmj.com/


 2

Abstract  
Objective: To examine the role of hand dual energy x-ray absorptiometry (DEXA) compared 
to radiography in the assessment of bone involvement in early Rheumatoid arthritis (RA) 
patients with active disease.  
Methods: The study population (n=79) had RA of less than 12 months duration and were 
selected for poor prognostic features. Clinical and bone mineral density (BMD) data were 
collected at baseline, 24 and 48 weeks. Hand radiographs were performed at baseline and 48 
weeks. Bone damage analyses were performed at the group level and at the individual level 
by applying the method of smallest detectable change (SDC). 
Results: At baseline mean disease duration was 8.5 months, ESR 34.3 mm/hour, CRP 40.2 
mg/liter, HAQ 1.35 and 81% were rheumatoid factor positive. Mean (95% CI) hand BMD 
loss was 2.5% (-3.5, -1.5) at 24 weeks and 2.6% (-3.8, -1.5) at 48 weeks. Individual hand 
bone loss exceeding SDC was seen in 46.8% at 24 weeks and in 58.2% at 48 weeks. In the 
subgroup of 58 patients with radiographs performed, radiographic joint damage score 
evaluated by Sharp-van der Heidje method increased from 4.8 to 10.6 (p=0.001). Individual 
hand bone loss in this subgroup exceeding SDC was seen in 50.0% at 24 weeks and in 56.9% 
at 48 weeks, whereas at 48 weeks only 22.4% had detoriated in modified Sharp score. 
Conclusion: Our study support that hand DEXA, compared with radiographic joint damage 
scores is a more sensitive tool than radiology for measuring disease related bone damage in 
early RA. 
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Inflammatory related bone damage in rheumatoid arthritis (RA) presents not only as erosions 
but also as osteoporosis.1 Thus, quantitative bone measures have been proposed as outcome 
measures in early RA.2,3 Currenly only radiographic joint damage is well established as an 
outcome measure for assessment of disease progression and bone damage in both daily 
clinical practice and clinical trials (commonly using modifications of the Sharp and Larsen 
scoring systems).4,5 Unfortunately, the presence of definite erosions on radiographs is a 
feature of established disease1 and is observed less frequently in early disease. With 
aggressive new therapies, rates of erosion progression are less and therefore a sensitive 
outcome measure is required to differentiate between modern treatments. 

Among quantitiative bone measure devices, DEXA is considered the gold standard. In 
RA, disease-related bone loss assessed with DEXA, both generalised6 and in the hands,7 has 
been shown to occur in the very early phase of the disease process. DEXA hand bone loss has 
even been shown to take place in the undifferentiated stage of the disease before RA can be 
diagnosed.8  

The widespread availability of DEXA, its good precision and ease of use gives it the 
potential to be widely applied in clinical practice and clinical trials for assessment both on a 
group and an individual level. There is however a need to validate DEXA in early RA.  

The aim of this study was therefore to examine hand DEXA as an alternative to 
radiographs as a new sensitive outcome measure in the assessment of bone involvement in 
early RA.  
 
Materials and Method 

Study population. Hand DEXA as a potential bone damage outcome measure in RA 
was tested in an early RA cohort with symmetrical active polyarthritis affecting the 
metacarpophalangeal joints. Recruited patients were assessed to have a poor prognosis by the 
presence of various predictors of a poor outcome in terms of function and radiographic 
damage (Table 1).9  All patients, recruited from the Leeds Early Arthritis clinics, had disease 
duration of less than 12 months and satisfied the 1987 American College of Rheumatology 
(ACR) criteria.1 The study was approved by the Leeds Teaching Hospitals Trust ethics 
committee. Detailed data from this study has previously been published without the bone 
density results.10 79 out of the 82 patients had DEXA scans performed and were included in 
this study. Selected demographic and clinical variables for this study are displayed in Table 2.  

In this study a conventional treatment strategy was tested against a more aggressive 
strategy. The patients were randomized to receive either monotherapy with sulfasalazine or 
combined therapy with MTX, cyclosporin-A and methylprednisolone by injection into all 
active joints at the study entry and thereafter when indicated by the presence of clinically 
active joints.10 During follow-up the conventionally-treated patients received sulfasalazine 
with a median daily dose of 3 g (range 0-3) and 68.8 mg (range 0-200) methylprednisolone 
intraarticularly whereas aggressively-treated patients received a mean (SD) dose of MTX 9.3 
mg/week (5.0) and cyclosporine-A 3.0 mg/kg pr day (2.1) and a total dose of 154.5 mg (range 
0 – 660) methylprednisolone intraarticularly. 

Intra-muscular methylprednisolone injection was given when judged indicated by the 
study doctors. None of the patients received oral corticosteroids during the study period.10 
Bone densitometry. One technician performed all DEXA scans including scans for 
reproducibility assessment by using the same DEXA equipment (Lunar Expert, Madison, 
Wisconsin). All DEXA scans at both hands, and lumbar spine (L2-4) and right hip were 
performed according to a standardised procedure for each site. For whole hand DEXA all 
hand bones distal from the wrist joint were included in the measurement as described by 
Deodhar et al.11 The hand is put flat on a table and finger extensions if present is straightened 
out. The long-term spine phantom precision expressed as percentage coefficient of variation 
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(CV) calculated from daily phantom measurements was 0.80% for the whole study period. 
Hand DEXA was performed at baseline, 24 and 48 weeks follow-up and for lumbar spine and 
femoral neck at baseline and 48 weeks. On the group level changes in BMD were expressed 
as mean values with 95% confidence intervals.  
BMD in-vivo short-term variability. To define cut-off values for the assessment of 
individual bone changes at the hand, spine and femoral neck we used the 95% limits of 
agreement method by Bland and Altman12 and CV. Precision expressed according to the 
Bland and Altman’s 95% limits of agreement method12 gives an absolute and metric estimate 
of random measurement error, also called smallest detectable difference (SDD). The method 
for calculating SDD, detecting the limits of agreement, based on duplicate DEXA measures in 
individuals has been described in details by Lodder and Ravaud.13,14 In order to identify the 
smallest detectable change (SDC) within an individual (rather than the smallest detectable 
difference SDD between individuals) a slight adjustment is made to the equation so that SDC 
= ± 1.96 x SD (difference between two measurements)/(√2 x √k) where k is the number of 
readings over which one wants to average the analyses of the trial.15  

The CV expresses the SD corrected for the mean of paired measurements. CV, 
expressed as a percentage, was calculated as CV %= (√ ((∑ (a-b)2)/2n)) / ((Ma+Mb)/ 2) x 100 
where a and b are the first and the second measurements, Ma and Mb are the mean values for 
the two groups, and n is the number of paired observations.13,14 Since a BMD change for two 
point measurements in time exceeding 2√2CV % is considered a significant change with 95% 
confidence expressed as percentage change,16 these values were also computed. In Table 3 the 
CV% and the percentage detection limit by Gluer et al called the least significant change for 
individuals are shown.17  

The variability of hand DEXA BMD measurements for mean of both hands and right 
hand were calculated by using baseline and 12 weeks follow-up data in 81 healthy volunteers 
(Table 3). We applied the variability results from mean of both hands to define true individual 
hand bone loss in the examined RA population (Table 3). No significant change in mean hand 
BMD was seen (+0.13%, (CI 95% -0.13, 0.39), p=0.30) between the two timepoints, thus 
indicating that no significant biologic change had occurred over the 12 weeks. For the right 
femoral neck and lumbar spine (L2-4) DEXA BMD variability were calculated from duplicate 
BMD measurements performed on the same day in 48 healthy volunteers. These variability 
results were used to identidy individual patients in the RA cohort with a true bone loss at the 
right femoral neck and spine L2-4.  
Radiographic scoring. The radiographs of both hands and feets at baseline and 48 weeks 
were independently scored according to van der Heijde’s modification of Sharp’s method (0-
448 scale),18 by 2 trained observers who were unaware of the identity and treatment status of 
the patients. The radiographs were scored as pairs in chronological order, and the means of 
the two observers’ scores for erosions, joint space narrowing, and the total damage score were 
recorded.  

The calculation of the specific SDD for the van der Heijde’s modification of Sharp’s 
method applied on patients with radiographs in the study population has previously been 
published and described in details.19 In summary this SDD calculation was based on readings 
of 52 pairs of films from the study population performed by two assessers reading films in a 
paired chronological order. Lassere reported SDD of 11.0 points for these patients.19 By 
applying the modification to Bland and Altman ś 95% limits of agreement method12 which 
provides an absolute and metric estimate of random measurement error, the specific SDC for 
our patients was calculated to be 7.8 units.15 
 
Results 
The demographic and disease characteristics of the study cohort is shown in table 2.  
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Bone density change at group and individual level. Mean (SD) baseline BMD (g/cm2) was 
0.426 (0.067) at the hand, 0.978 (0.148) at right femoral neck, and 1.189 (0.149) at lumbar 
spine L2-4.  
At 24 weeks mean (95% CI) hand BMD was reduced by 2.5% (-3.5, -1.5) and at 48 weeks by 
2.6 (-3.8, -1.5). Hand bone loss exceeding SDC was at 24 weeks seen in 37 (46.8%) and at 48 
weeks in 46 (58.2%) patients.  
After 48 weeks mean (95% CI) BMD reduction at right femoral neck was 0.7% (-1.9, +0.5) 
and at lumbar spine L2-4 1.9% (-3.1, -0.8).  

At femoral neck 15.4% (12 out of 78) and at lumbar spine 21.5% (17 out of 79) of the 
patients had lost BMD exceeding the SDC at 48 weeks.  
Bone density and treatment group. No significant differences was seen at baseline for mean 
(SD) BMD between conventionally-treated and aggressively-treated patients at the hands 
(0.431 (0.069) vs. 0.421 (0.065), p=0.52), the right femoral neck (0.957 (0.134) vs 1.000 
(0.160), p=0.20) and the lumbar spine L2-4 (1.193 (0.154) vs 1.186 (0.147), p=0.84). During 
the 48 week follow-up no significant differences in mean bone loss was found either the 
between the conventional and the aggressively-treated patients at hand (2.68% vs 2.58%, 
p=0.88), right femoral neck (0.73% vs 0.64%, p=0.96) and lumbar spine L2-4 (2.13% vs 
1.70%, p=0.71). 
 
Radiographic progression.  In a subgroup of 58 patients with hand DEXA, hand and feet 
radiographs from both baseline and 48 weeks were also obtainable, scored with modified 
Sharp score. In these patients a statistically significant (p=0.001) increase in mean modified 
Sharp score from 4.8 (range 0-32) to 10.6 (0-74.5) was found. By applying the method of 
SDC with the cut off values for modified Sharp score calculated from the examined patient 
cohort (7.8 units modified from19) only 22% (13 out of 79) of the patients detoriated in 
radiographic joint damage exceeding the SDC 95% detection limit for this method (Figure 1). 
In contrast at 24 weeks 50% (29 out of the 58) of the patients had lost hand DEXA BMD 
exceeding SDC and at 48 weeks 57% (33 out of 79 (Figure 1). 
Comparison between BMD and radiographic damage. The Pearson correlation coefficient 
between decrease in hand BMD and deterioration in radiographic damage was -0.352 
(p=0.007) compared with modified Sharp score, -0.426 (p=0.001) compared with joint space 
narrowing, and -0.206 (p=0.12) compared with erosions. Between joint space narrowing and 
erosions Pearson correlation coefficient was 0.641 (p<0.001). The mean relative rate of 48 
week change for the hand DEXA method was doubled (2.8%) compared with modified Sharp 
score (1.3%). On the individual level only six of the 13 patients who detoriated in modified 
Sharp score had a ‘true’ hand BMD loss, whereas only six of the 33 patients who had a ‘true’ 
hand BMD loss detoriated in modified Sharp score (McNemar test p=0.001). 
 
Discussion  
The results from this study provides evidence that hand DEXA is a more sensitive outcome 
measure particularly for bone damage in early RA than radiographic joint damage scores. At 
24-weeks mean hand BMD was reduced by 2.5% and on the individual level approximately 
half (47%) of the patients had lost hand BMD exceeding the measurement error. In the 
subgroup of 58 patients with both hand radiographs and DEXA performed, on the individual 
level only 22% of the RA patients had deteriorated in modified Sharp score after 48 weeks 
whereas 50% already after 24 weeks had lost significant hand BMD. This makes hand DEXA 
a highly sensitive tool to detect bone damage especially in the early stage of the disease, a 
crucial time for assessing new therapies.  

Although bone loss in RA occurs both as periarticular (e.g. assessed at hand) and 
generalised osteoporosis (e.g. assessed at spine or hip), measures of periarticular osteoporosis 
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for several reasons are more suitable for assessment of bone damage than measures of 
generalised osteoporosis. Bone loss in early RA occurs more rapidly in the hand than at hip 
and spine.8 Furthermore the rate of hand bone loss, as shown in our study, is higher than at 
spine and hip and the precision of DEXA is also superior at the hand compared with hip and 
spine (Table 3). By applying our precison data the advantage of hand DEXA using mean 
values of both hands compared with hip and spine DEXA becomes obvious as at hands only a 
bone loss of 2.3% is required to identify patients with individual bone loss whereas at femoral 
neck and lumbar spine a bone loss as high as 7.8%, and 6.6% is required. 

Theoretically the best site to measure periarticular bone loss in RA would be around 
the finger joints e.g. the metacarpophalangeal (MCP) joints and proximal interphalangeal 
(PIP) joints. Our choice to use DEXA of the whole hand instead of DEXA around finger 
joints to assess periarticular bone loss in RA patients was based on the literature and our own 
reproducibility tests comparing the two principle measurement strategies. DEXA whole hand 
compared with local measures around single joints is more feasible,20 has a better precision20 
and also reflects the whole inflammatory disease process taking place in all affected joints in 
the hands. In the study by Alenfeld et al whole hand precision (CV) for DEXA was 0.9% but 
for periarticular regions at the MCP 2-5 joints the precision was poorer and ranged from 2.7 – 
3.2%.20 In our own analyses we also have found a poorer precision for DEXA measures 
around finger joints compared with whole hand measures. Furthermore no differences in 
percentage bone loss between DEXA mesures around finger joints and whole hand was found 
(unpublished data). 
 In contrast to DEXA the reproducibility for radiographic x-ray scoring methods may 
be more dependent on the reader and on the study population. For radiographic scoring 
systems it has been shown that x-rays even in early RA are scored with a great variability, 
even when performed by the same reader.21 In the study by Lassere et al assessing 
reproducibility for van der Heijde’s modification of Sharp’s method (range 0-448), SDD 
ranged from 4.7 to 15.5 units and was dependent on the source population used for SDD 
calculation, patient disease activity and on the readers.19 

The direct comparison of the measurement error of the two methods in our study is 
restricted by several limitations. One major limitation is the difference in how the duplicate 
measures are obtained for SDC calculation for the two methods. The calculation of the DEXA 
SDC/SDD is recommended to be based on duplicate measures of scans performed on the 
same day or some days apart13,14 which is a point estimate of the measurement error. For 
radiographic scoring methods including the van der Heijde’s modification of Sharp’s method 
the SDC calculation practically is based on readings from baseline and follow-up films in 
each individual recommended read in a paired chronological order by two assessers. Thus the 
SDC for DEXA was based on intra-reader reproducibility, whereas the SDC for the 
radiographic measurements was based on inter-reader reliability. However, this difference in 
the methodology used to assess agreement reflects the intrinsic difference in the practical 
measurement methodology between DEXA and radiographic scoring. Thus the increased 
sensitivity of DEXA is a product of the precision of the method. The face validity of the hand 
DEXA method also needs to be addressed. The fact that the patients were enriched for 
features predicting more radiographic damage means that differences between DEXA and 
radiographic damage were if anything underestimated.  

Whereas erosions are pathognomonic for bone damage in RA, bone loss over time, 
especially in postmenopausal women, is also seen in healthy individuals. However for short 
study periods this does not seem to be a significant problem. In our healthy individuals used 
for assessing the precision of hand DEXA no hand bone loss was seen between the duplicate 
measurements performed 3 months apart. Joint destruction is also more directly related to 
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patient physical function and health status than osteoporosis as bone loss in itself is a 
symptom free feature leading to no structural changes on the joint surface.5,22  

Radiographic joint damage using Sharp score (scoring both erosions and joint space 
narrowing) has been shown to increase linearly over time.5 In contrast the rate of DEXA hand 
bone loss after the first 2-3 years of disease duration has been shown to decrease,7,23 which 
makes DEXA hands less usable in the later and established stages of the disease. However, 
the same pattern as for DEXA hands is also found for Larsen score, which only scores 
erosions.24 In a 10 year follow-up study of early RA (disease duration less than 12 months) 
Linqvist et al showed that radiographic progression using Larsen score was most rapid during 
the two first years and 75% of all damage occurred during the first five years of disease.24 

In comparison with DEXA, other modern imaging modalities, including MRI25,26 and 
US27 are not suitable for bone mass assessment. However they are superior to radiographs in 
detecting erosions at an early stage of the disease and assessing soft tissue abnormalities and 
synovitis. However they are currently often not as widely available as DEXA, and there is a 
lack of standardisation for general clinical use in early RA. 

To be a clinically-relevant outcome measure in early RA, and eventually an alternative 
to radiographic scoring methods in the early stage of the disease, bone loss should be a direct 
consequence of the inflammatory disease process and be related to joint erosions. Substantial 
data from both animal and clinical studies support the theory that the osteoclast cells play a 
pivotal role in the development of both osteoporosis and erosions in RA. This common 
cellular mechanism may be explained by activation of the NFκB receptor (RANK) which is a 
membrane-bound protein and a key factor in the activation and differentiation of osteoclasts 
by binding to its receptor RANK on pre-mature osteoclasts.28,29 Tumor necrosis factor (TNF)-
α and Interleukin (IL)-1 which play a pivotal role in the pathogenesis of synovitis in RA, has 
been found to be a regulator of osteoclastic bone resorbtion by up-regulating RANK.30,31 
Studies in human TNF-transgenic (hTNFtg) mice have shown an increase in both joint 
destruction and generalized bone loss compared to the wild-type mice.28,32 The concept of 
osteoclast inhibition has recently been confirmed in humans.33  

In the present study only poor prognosis RA patients were included. Thus the results are 
of limited value understanding bone loss in patients with less poor prognostic disease. Further 
studies in different patient’s cohort are therefore warranted to examine the generalisability of 
the method.  

We concluded from our study that hand DEXA bone density is more sensitive than 
conventional hand radiographic joint damage scores in detecting bone damage in early RA. 
To consolidate the role of hand DEXA as an outcome measure in early RA we recommend 
hand DEXA to be included as outcome measure in both observational and clinical trials, 
particularly in studies testing the effects of potent disease modifying treatments.  
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Table 1. Criteria for poor-prognosis rheumatoid arthritis9 

 
Predictive Marker Points 

Rheumatoid Factor Titre > 40 mg/l 1 

Presence of HLA DR*04 and or DR*01 1 

Female Sex 1 

C-Reactive Protein > 20 mg/l 1 

HAQ, total >7 1 

HAQ, total >12 2 

Patients considered to be in poor prognosis group if the points total was 3 or more 

Score is the raw Health Assessment Questionnaire (HAQ) measured out of a total of 24 

 
Table 2. Demographic and disease characteristics in the 79 early rheumatoid arthritis patients 

followed for 48 weeks. 

 

Baseline demographics  
Age, mean ± SD years 49.7 (13.1) 
Female sex, no (%) 47 (59.5%) 
BMI, mean ± SD kg/m2 26.2 (4.7) 
Baseline disease variables  
Disease duration, mean ± 
SD months 

8.5 (5.8) 

Rheumatoid factor, no (%) 64 (81.0%) 
CRP, mean (range) mg/liter 40.2 (2 –195)  
ESR, mean ± SD mm/hour 34.3 (28.2) 
HAQ score (0-3) 1.35 (0.71) 
Hand BMD, mean ± SD 
g/cm2  

0.426 (0.067) 

Mean follow-up disease 
variables 

 

CRP, mean (range) mg/liter 24.7 (5 – 141) 
HAQ score (0-3) 0.86 (0.61) 
SD: standard deviation; BMI: body mass index; CRP: c-reactive protein; ESR: erytrocyte 
sedimentation rate; HAQ: Health Assessment Questionnaire score from 0 (no disability) 
to 3 (high disability).  
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Table 3. Reproducability of bone mineral density (BMD) measurements at hands, right 

femoral neck and spine L2-4. 

 Mean both 
hands 

Right hand Right femoral 
neck 

Spine L2-4 

Mean (SD) baseline 
BMD g/cm2 

0.445 (0.055)  0.454 (0.056) 1.003 (0.146) 1.299 (0.167) 

Bland and Altman´s 
methods 
Mean difference (95% 
CI) (Systematic bias) 

0.0006 (-0.0006 
to 0.0017) 

0.0003 (-
0.0017 to 
0.0010) 

0.0058 (-0.0055 
to 0.0170) 

-0.0028 (-
0.0153 to 
0.0097) 

 SD difference (random 
mesurement error) 

0.0051 0.0062 0.0389 0.0432 

SDD ~95% limits of 
agreement between 
individuals (assuming 
no systematic bias) 

+/-0.0101 +/-0.0122 +/-0.0762 +/-0.0846 

SDC ~95% limits of 
agreement within 
individuals (assuming 
no systematic bias) 

+/-0.0071 
 

+/-0.0086 +/-0.0539 
 

+/-0.0598 
 

CV (%) 0.82 0.96 2.75 2.33 
2√2CV (%) 2.32 2.72 7.78 6.59 
Mean difference: mean of the difference between the first and the second BMD measurement. 
SD difference: SD of the difference between the first and the second BMD measurement. 
SDD: Smallest detectable difference (g/cm2). 
SDC: Smallest detectable change (g/cm2) 
CV: Coefficient of variation. 
 
 
  
 
Figure 1. Percentage of 58 rheumatoid arthritis patients followed for 48 weeks with hand bone 
mineral density (BMD) loss of both hands and detoriation in modified Sharp score (hand and 
feet) exceeding smallest detectable change (SDC) the 95% detection limit for the methods. 
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