
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Innovating imaging in juvenile idiopathic arthritis: an ongoing quest

Nusman, C.M.

Publication date
2015
Document Version
Final published version

Link to publication

Citation for published version (APA):
Nusman, C. M. (2015). Innovating imaging in juvenile idiopathic arthritis: an ongoing quest.
[Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/innovating-imaging-in-juvenile-idiopathic-arthritis-an-ongoing-quest(2cd5387c-394f-4285-a518-b911b4fabe25).html


8Chapter

Bone health of patients with juvenile 
idiopathic arthritis: a comparison 
between dual-energy X-ray 
absorptiometry and digital X-ray 
radiogrammetry

Charlotte M. Nusman*
Janneke Anink*
Marieke H. Otten
Marion A.J. van Rossum
Rick R. van Rijn
Mario Maas
Lisette W.A. van Suijlekom-Smit

Accepted for publication in European Journal of Radiology



124

Chapter 8

aBstract 

objectives
Juvenile idiopathic arthritis (JIA) affects bone mineral density (BMD). Dual-energy X-ray 
absorptiometry (DXA) is the most widely used technique to determine BMD. Digital X-ray 
radiogrammetry (DXR) is a feasible method for determination of cortical BMD on hand 
radiographs. This study aimed to compare DXR and DXA in the assessment of BMD in JIA 
patients. 

methods
Thirty-five JIA patients with available DXA and hand radiograph within the same time 
period were included from the Dutch Arthritis and Biologicals in Children register. Outcome 
measures for BMD were Bone Health Index from DXR and BMD total body, BMD lumbar 
spine and Bone Mineral Apparent Density from DXA. All measures were transformed to 
Z-scores. Correlations were assessed with Pearson correlation coefficients. 

results
Median age of the patients (60% female) was 11.7 years. Pearson correlation coefficient 
was significant for the absolute scores: 0.568-0.770 (p < 0.001). No significant correlation 
was found between the Z-scores of DXA and DXR. 

conclusions
The BMD assessment from the DXR was correlated to DXA measures in a cohort of JIA 
patients, although only in absolute scores. Future steps for implementation of DXR in 
clinical practice include evaluation of responsiveness to change, predictive value and 
comparison with other imaging techniques. 
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IntroductIon

Juvenile idiopathic arthritis (JIA) is an umbrella term that encompasses all forms of arthritis 
of unknown aetiology that begin before the age of 16 years and persist for more than 
6 weeks [1]. Chronic inflammatory activity in JIA affects the bone, possibly resulting in 
growth abnormalities and decreased bone mineral density (BMD). Low physical activity, 
chronic exposure to inflammatory cytokines and glucocorticoid therapy all result in a high 
risk for osteoporosis. Monitoring the bone status of JIA patients is therefore important 
for the prevention of fractures and osteoporosis at later age [2]. The finding of impaired 
bone status can lead to preventive actions (e.g. calcium or vitamin D suppletion, physical 
therapy) or treatment with bisphosphonates in the more severe cases [3].

The most widely used technique for the assessment of bone mineral density in paediatric 
patients is dual-energy X-ray absorptiometry (DXA) [4]. Recently however an automated 
method for the evaluation of bone age and BMD has become available, which makes use of 
hand radiographs [5]. This BoneXpert method (BoneXpert, Version 2.1.0.12, Visiana, Holte, 
Denmark) is based on digital X-ray radiogrammetry (DXR) and adjusts radiogrammetric 
measurement of cortical BMD for the automated determined bone age. Advantages of the 
DXR include the availability of normative data, low costs, and low effective radiation dose 
[6]. Additionally, the method proved to be easy-to-use and feasible in the JIA population 
[7]. DXR has only sparsely been compared to DXA in paediatric populations, resulting in 
moderate correlations. This comparison has never been performed in children with JIA 
[8,9]. 

To be able to use this new method in clinical practice, its place in the framework of existing 
techniques for the assessment of BMD has to be determined. Therefore the aim of this 
study was to compare DXR and DXA in the assessment of BMD in JIA patients. 

materIals and methods

patients
Patients were sampled from the Dutch Arthritis and Biologicals in Children (ABC) register. 
We selected patients included in the ABC register between 2003 and 2012, who were 
treated in the Erasmus MC Sophia Children’s Hospital. These patients were evaluated for 
BMD by DXA and had conventional radiographs from their hands taken within the same 
five month period (preferably as close as possible). Patients had to be older than 4 years 
(the lower limit of Z-scores available for BMD measures) and younger than the upper limits 
of the reliability range of the DXR (i.e. 17 years for boys and 15 years for girls). 
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clinical data collection
The ABC register aimed to prospectively include all Dutch JIA patients that started 
treatment with biologic agents since 1999, when the first biologic (etanercept) was 
approved for the treatment of JIA. The study protocol was approved by the Medical Ethics 
Committee at Erasmus MC in Rotterdam. Informed consent was obtained from all parents 
and from patients older than 12 years of age. In the ABC register, demographic data and 
disease characteristics are collected, including longitudinal data on medication use and 
disease activity [10].

digital X-ray radiogrammetry
DXR of the radiographs of the complete left and right hand and wrists was performed using 
the standalone Windows product of BoneXpert (BoneXpert, Version 2.1.0.12, Visiana, Holte, 
Denmark). The DXR outcome variable of interest was the Bone Health index (BHI) [5]. BHI is 
based on the cortical thickness (T) of the three middle metacarpals. In the construction of 
BHI, also metacarpal width (W) and length (L) are incorporated to compensate for the high 
variation in stature of growing children, as expressed in the following formula: 

 BHI = π T (1 − T/W) / (LW)0.33.

The DXR also automatically compares BHI to a Caucasian reference population with the 
same sex and bone age, and expresses it as a Z-score. Additionally the bone age (based 
on Greulich and Pyle) and the Z-score of bone age were measured [5,6]. The mean BHI of 
the right and left hand was analysed, unless only one hand radiograph was available (6 
cases). The agreement between right and left hand DXR measurement in JIA patients is 
very good [7].

dual-energy X-ray absorpiometry
A DXA scan (Lunar Prodigy, GE, USA) was used to measure BMD of the total body 
(BMDTB) and the lumbar spine (BMDLS), expressed in g/cm2. DXA measures areal BMD, 
based on the density of the cortical and the trabecular bone combined, in contrast to 
DXR, which only measures BMD of the cortical bone. The Bone Mineral Apparent Density 
(BMAD) of the lumbar spine was calculated according to the following formula: BMD of 
L2-L4 × [4 / (π × width)], expressed in g/cm3, in which width is the average width of L2-L4 
[11]. BMAD is used to correct for differences in size of the vertebral bodies. An experience 
reader assessed the width of the lumbar vertebral bodies on the scans. When there 
was doubt about the width of lumbar vertebral bodies, another reader was consulted 
and consensus was reached. BMDLS, BMDTB and BMAD were compared to a Caucasian 
reference population from Rotterdam and expressed as Z-scores [12]. 
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statistical analysis
Correlations between BMD measurements by DXA and DXR were assessed with 
Pearson correlation coefficients. To determine whether the BMD measurements differed 
significantly from the reference population, one sample t-tests were used. A p-value of 
<0.05 was considered significant. Linear regression was used to investigate whether the 
relationship between DXA and DXR measurements was influenced by body mass index 
(BMI), bone age or glucocorticoid use (defined as ever versus never use). With DXA Z-scores 
as a reference, sensitivity, specificity and predictive values were calculated to describe 
discriminative properties of DXR in distinguishing impaired (< -2SD) from normal bone 
status. Descriptive statistics are reported as absolute values, mean with standard deviation 
or median with interquartile range. For all analyses IBM SPSS Statistics for Windows version 
21.0 was used (Armonk, NY: IBM Corp.). 

results

patient characteristics
Patient and disease characteristics of the patients included in this study are shown in 
Table 1. The systemic JIA category is highly represented in our patient sample (31%). 
Systemic JIA patients are often treated with high dose systemic glucocorticoids, are 
therefore more likely to develop impaired BMD and often had a DXA scan. Mean BMD 
measurements by both DXA and DXR were significantly impaired compared to the normal 
population. 

correlation between dXa and dXr
Pearson correlation coefficients were calculated between absolute values and Z-scores 
of BHI and the BMD measurements by DXA. BHI was significantly correlated to all DXA 
measurements. The Pearson correlation coefficient was 0.568 (p<0 .001) for BMAD vs 
BHI, 0.665 (p<0.001) for BMDTB vs BHI, and 0.770 (p<0.001) for BMDLS vs BHI. Correlation 
coefficients were lower and not significant for Z-scores of BHI and DXA measurements. 
The Pearson correlation coefficients for DXA measurements with Z-score BHI were: 0.263 
(p=0.127) for Z-score BMAD, 0.137 (p=0.433) for Z-score BMDTB, 0.247 (p=0.153) for Z-score 
BMDLS. The correlations between DXR and DXA for both the absolute values and Z-scores 
are shown in Figure 1. In a multivariate linear regression, the relationship between Z-score 
BMAD and Z-score BHI was not significantly influenced by BMI, bone age or glucocorticoid 
use (ever versus never use).
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table 1 | Patient characteristics and BMD measures of both DXA and DXR.

characteristic n= 35

Female gender, n (%) 21 (60)

BMI in kg/m2, mean (SD) 19.2 (±3.9)

Age at onset of JIA in years , median (IQR) 6.0 (3.4-9.8)

JIA category, n (%)

Systemic JIA 11 (31)

Polyarticular RF positive JIA 3 (9)

Polyarticular RF negative JIA 11 (31)

Oligoarticular extended JIA 7 (20)

Psoriatic JIA 3 (9)

Wrist and/or hand involvement, n (%) 33 (94)

Ever use of glucocorticoids, n (%) 30 (86)

Disease duration at radiograph in years, median (IQR) 4.1 (1.8-8.0)

Age at radiograph in years, median (IQR) 11.7 (9.3-14.1)

Z-score bone age in years, mean (SD) -0.4 (±1.5)

Z-score BMDTB, mean (SD) -0.7 (±1.3)**

Z-score BMDLS, mean (SD) -0.7 (±1.1)**

Z-score BMAD, mean (SD) -0.4 (±1.1)*

Z-score BHI, mean (SD) -1.1 (±1.2)**

Time between hand radiograph and DXA in months, median (IQR) 0.1 (0.0-0.8)

SD = standard deviation; IQR = interquartile range; JIA = juvenile idiopathic arthritis; RF = rheumatoid factor; BMDTB = total 
body bone mineral density; BMDLS = lumbar spine bone mineral density; BMAD = bone mineral apparent density; BHI = 
bone health index; DXA = dual-energy X-ray absorptiometry; DXR = digital X-ray radiogrammetry
* p-value <0.05 on one sample t-test with test value 0
** p-value <0.01 on one sample t-test with test value 0

agreement between dXa and dXr
For treatment purposes it is most important to identify patients deviating more than 2 
standard deviations (SD) from the normal population. We categorized patients according 
to this criterion and compared how patients were classified according to DXA (BMAD) and 
DXR. The results are shown in Table 2. According to DXA (BMAD), 5 patients had severely 
impaired BMD (14%) and according to DXR, BMD was severely impaired in 8 patients 
(23%). Taking DXA (BMAD) as a reference, DXR had a sensitivity of 40% and a specificity of 
80%. A positive test for impaired BMD on DXR resulted in a positive test on DXA in 25% of 
cases. The negative predictive value was much higher (90%). 
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table 2 | Classification of DXR and DXA (BMAD) of patients with impaired bone status (scoring ≤-2SD) 
on either method.

Bmad impaired Bmad not impaired total

BhI impaired 2 6 8

BhI not impaired 3 24 27

total 5 30 35

BHI = bone health index; BMAD = bone mineral apparent density; DXA = dual-energy X-ray absorptiometry; DXR = digital 
X-ray radiogrammetry

dIscussIon

In this study we compared DXA and DXR for the assessment of BMD in JIA patients. Hand 
BMD measured by DXR and BMD of the lumbar spine measured by DXA correlated well 
on absolute scores. However, to properly interpret the values found by both DXR and 
DXA in this paediatric population, one needs to calculate Z-scores, in which the values are 
compared to a reference population matched on sex and (bone) age. The Z-scores derived 
from DXA and DXR measurements did not show any significant correlation. 

DXR using BoneXpert (BoneXpert, Version 2.1.0.12, Visiana, Holte, Denmark) is a new 
method, which has the advantage of calculating a Z-score of the BHI based on a reference 
population matched for sex and bone age. It has never before been compared to DXA 
measurements in a JIA population. In previous studies however, the DXR method, has been 
compared to DXA. These studies found moderate to good correlations for the absolute 
values derived from DXA and DXR in both adult and paediatric populations (Table 3) [8,9, 
13-18]. Only study also compared Z-scores of DXR and DXA (BMDLS) based on a sex and 
age matched population in 26 children with IBD. This correlation was lower than those 
found for the absolute values, but still moderate (r=0.58) [8]. 

There may be several explanations for the lack of correlation between the Z-scores derived 
from DXA and DXR. Firstly, the Z-scores of both measurements are based on different 
reference populations. The BMAD Z-score derived from DXA, which is first corrected for 
vertebral size, is sex and age specific. The BHI Z-score derived from BoneXpert (BoneXpert, 
Version 2.1.0.12, Visiana, Holte, Denmark) is based on a reference population which 
is sex specific, but instead of age uses bone age to match patients on. The bone age of 
our cohort was impaired, which may result in difference in these two Z-scores. Another 
difficulty may lie in the components of the bone on which the two modalities base their 
BMD measurement. DXA determines BMD based on a measurement of trabecular and 
cortical bone, whilst the DXR measurement is based on only cortical bone. Trabecular 
and cortical bone respond differently to stimuli like chronic inflammation, glucocorticoid 
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treatment and low physical activity [19,20]. Secondly, there is a difference in location 
for the BMD measurement, as DXR uses the hand and DXA uses the lumbar spine. This 
is important, because like in RA, BMD in JIA may be affected in two ways [21,22]. There 
may be generalized bone loss due to systemic influences of chronic inflammation and 
glucocorticoid use. Additionally, there may be a periarticular effect of local inflammation, 
functional disability and medication use. In the present study, we could not investigate 
the effects of local inflammation (arthritis of the wrist) and glucocorticoid use, because 
the majority of our patients were exposed to both risk factors. If there is a large effect 
of local inflammation on the local cortical BMD, BoneXpert may not be the appropriate 
method to assess overall BMD, however it may be a marker of disease activity. In adults 
with rheumatoid arthritis (RA), early hand bone loss measured by DXR appears to be an 
independent predictor of erosions later in the disease course [23-26]. 

table 3 | Studies reporting on the correlation between the DXR BMD and a DXA BMD measurement. 

author (year) disease n dXa variable correlation coefficient p-value

Adults 

Bottcher (2004)[13] RA 106 BMDLS r=0.45 <0.01

Desai (2010)[14] RA 138 BMDLS β=0.45 0.004

Forsblad-d’Elia (2011)[15] RA 75 BMDLS r=0.52 <0.001

Özçakar (2005)[16] HIV 27 BMDLS r=0.60 <0.01

Rosholm (2001)[17] Healthy 416 BMDLS r=0.62 <0.0001

Ward (2003)[18] Various 154 BMDLS r=0.56 <0.001

children

van Rijn (2006)[9] ALL 41 BMDLS r=0.760-0.853 <0.01

BMDTB r=0.806-0.878 <0.01

BMAD r=0.666-0.682 <0.01

GHD 26 BMDLS r=0.760-0.779 <0.01

BMDTB r=0.734-0.760 <0.01

BMAD r=0.301-0.414 >0.01

Mentzel[8] IBD 26 BMDLS r=0.78 <0.01

Z-score BMDLS† r=0.58 <0.01

† correlation with Z-score DXR-BMD. DXR BMD = digital X-ray radiogrammetry bone mineral density; DXA BMD = dual 
energy X-ray absorptiometry bone mineral density; r = correlation coefficient; β = beta coefficient; RA = rheumatoid 
arthritis; BMDLS = bone mineral density lumbar spine; BMDTB = bone mineral density total body; BMAD = bone mineral 
apparent density; HIV = human immunodeficiency virus; ALL = acute lymphoblastic leukaemia; GHD = growth hormone 
deficiency. 

Aside from the discussion on the comparability of DXA and DXR, an important point of 
debate is whether DXA is the best technique to assess BMD, especially in the paediatric 
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population. First of all, variations in body composition, which occur commonly in the 
growing child, cause inaccuracies in BMD measurement by DXA [27]. Secondly, although 
the BMAD tries to correct for variations in vertebral body size by taking the width of the 
vertebrae into account, it remains an estimation based on a two-dimensional measurement 
and does not fully capture true volumetric BMD [28]. This may especially cause imprecise 
estimates of BMD in a paediatric population like the JIA cohort in the present study, in 
which patients may have variations in vertebral body size due to physiological and 
pathological changes (e.g. growth and impaired bone maturation).

A method that does measure true volumetric BMD is peripheral quantitative computed 
tomography (pQCT). It is considered to be superior to DXA in its accuracy for BMD 
measurement [4,29]. Absolute scores and Z-scores of DXA and pQCT were weak to 
moderately correlated in children with juvenile systemic lupus erythematosus [30] In light 
of these correlations, it is hard to appreciate the place of this DXR method in the spectrum 
of BMD assessment techniques. A comparison of BoneXpert (BoneXpert, Version 2.1.0.12, 
Visiana, Holte, Denmark) to pQCT for the assessment of both generalized and periarticular 
bone loss would therefore be worthwhile. Disadvantages of pQCT include its mainly its 
costs and availability, whereas radiation dose is relatively low in pQCT [4]. 

In the current study only DXA measurements were available for comparison with DXR. 
Taking DXA as a reference standard, DXR did not identify patients with clinically important 
deviations in BMD incorrectly. It did miss some patients with an impaired bone status 
according to DXA. However, to truly evaluate misclassification of clinically relevant 
impaired bone status, clinical factors like the fracture status would also have to be 
taken into account. Overall, measuring BMD by any method preferably serves as a tool 
to determine whether further assessment of risk factors for impaired bone status (e.g. 
vitamin D levels, calcium intake or physical activity) is warranted. 

This is the first study to compare DXA and DXR for the assessment of BMD in JIA patients. It 
was limited by the small sample size, and the cross sectional nature of the data. 

In conclusion, the DXR method was correlated to DXA, although only in absolute scores. 
The use of DXR for the assessment of BMD in JIA patients is hampered by the complicated 
concept of measuring bone status in children in general and effects of chronic inflammation 
and medication use on different modes of BMD in JIA patients specifically. Future practical 
steps to be taken for the implementation of DXR in clinical practice include the evaluation 
of its responsiveness to change and predictive value for clinically relevant impaired bone 
status. Additionally, if possible, DXR should be compared with (p)QCT, to elucidate on its 
role in identifying both generalized and periarticular BMD. 



133

Bone health in JIA: comparison between DXA and DXR

8

reFerences

1. Petty RE, Southwood TR, Manners P, et al. International League of Associations for Rheumatology 
classification of juvenile idiopathic arthritis: second revision, Edmonton, 2001. J Rheumatol 
2004;31(2):390-2.

2. Thornton J, Pye SR, O’Neill TW, et al. Bone health in adult men and women with a history of juvenile 
idiopathic arthritis. J Rheumatol 2011;38(8):1689-93.

3. Shaw NJ. Management of osteoporosis in children. Eur J Endocrinol 2008;159 Suppl 1:S33-9.

4. van Rijn RR, Van Kuijk C. Of small bones and big mistakes; bone densitometry in children revisited. 
Eur J Radiol 2009;71(3):432-9.

5. Thodberg HH, van Rijn RR, Tanaka T, Martin DD, Kreiborg S. A paediatric bone index derived by 
automated radiogrammetry. Osteoporos Int 2010;21(8):1391-400.

6. van Rijn RR, Lequin MH, Thodberg HH. Automatic determination of Greulich and Pyle bone age in 
healthy Dutch children. Pediatr Radiol 2009;39(6):591-7.

7. Anink J, Nusman CM, van Suijlekom-Smit LW, van Rijn RR, Maas M, van Rossum M. Automated 
determination of bone age and bone mineral density in patients with juvenile idiopathic arthritis: a 
feasibility study. Arthritis Res Ther 2014;16(5):424.

8. Mentzel HJ, Blume J, Boettcher J, et al. The potential of digital X-ray radiogrammetry (DXR) in the 
assessment of osteopenia in children with chronic inflammatory bowel disease. Pediatr Radiol 
2006;36(5):415-20.

9. van Rijn RR, Boot A, Wittenberg R, et al. Direct X-ray radiogrammetry versus dual-energy X-ray 
absorptiometry: assessment of bone density in children treated for acute lymphoblastic leukaemia 
and growth hormone deficiency. Pediatr Radiol 2006;36(3):227-32.

10. Prince FH, Twilt M, ten Cate R, et al. Long-term follow-up on effectiveness and safety of etanercept in 
juvenile idiopathic arthritis: the Dutch national register. Ann Rheum Dis 2009;68(5):635-41.

11. Kroger H, Kotaniemi A, Vainio P, Alhava E. Bone densitometry of the spine and femur in children by 
dual-energy x-ray absorptiometry. Bone Miner 1992;17(1):75-85.

12. van der Sluis IM, de Ridder MA, Boot AM, Krenning EP, de Muinck Keizer-Schrama SM. Reference data 
for bone density and body composition measured with dual energy x ray absorptiometry in white 
children and young adults. Arch Dis Child 2002;87(4):341-7.

13. Bottcher J, Malich A, Pfeil A, et al. Potential clinical relevance of digital radiogrammetry for 
quantification of periarticular bone demineralization in patients suffering from rheumatoid arthritis 
depending on severity and compared with DXA. Eur Radiol 2004;14(4):631-7.

14. Desai SP, Gravallese EM, Shadick NA, et al. Hand bone mineral density is associated with both total 
hip and lumbar spine bone mineral density in post-menopausal women with RA. Rheumatology 
(Oxford) 2010;49(3):513-9.

15. Forsblad-d’Elia H, Carlsten H. Bone mineral density by digital X-ray radiogrammetry is strongly 
decreased and associated with joint destruction in long-standing rheumatoid arthritis: a cross-
sectional study. BMC Musculoskelet Disord 2011;12:242.

16. Ozcakar L, Guven GS, Unal S, Akinci A. Osteoporosis In Turkish HIV/AIDS patients: comparative 
analysis by dual energy X-ray absorptiometry and digital X-ray radiogrammetry. Osteoporos Int 
2005;16(11):1363-7.

17. Rosholm A, Hyldstrup L, Backsgaard L, Grunkin M, Thodberg HH. Estimation of bone mineral density 
by digital X-ray radiogrammetry: theoretical background and clinical testing. Osteoporos Int 
2001;12(11):961-9.

18. Ward KA, Cotton J, Adams JE. A technical and clinical evaluation of digital X-ray radiogrammetry. 
Osteoporos Int 2003;14(5):389-95.

19. Burnham JM, Shults J, Dubner SE, Sembhi H, Zemel BS, Leonard MB. Bone density, structure, and 
strength in juvenile idiopathic arthritis: importance of disease severity and muscle deficits. Arthritis 
Rheum 2008;58(8):2518-27.



134

Chapter 8

20. Dubner SE, Shults J, Baldassano RN, et al. Longitudinal assessment of bone density and structure in 
an incident cohort of children with Crohn’s disease. Gastroenterology 2009;136(1):123-30.

21. Goldring SR. Periarticular bone changes in rheumatoid arthritis: pathophysiological implications and 
clinical utility. Ann Rheum Dis 2009;68(3):297-9.

22. Goldring SR, Gravallese EM. Mechanisms of bone loss in inflammatory arthritis: diagnosis and 
therapeutic implications. Arthritis Res 2000;2(1):33-7.

23. Hoff M, Haugeberg G, Odegard S, et al. Cortical hand bone loss after 1 year in early rheumatoid 
arthritis predicts radiographic hand joint damage at 5-year and 10-year follow-up. Ann Rheum Dis 
2009;68(3):324-9.

24. Kapetanovic MC, Lindqvist E, Algulin J, et al. Early changes in bone mineral density measured by 
digital X-ray radiogrammetry predict up to 20 years radiological outcome in rheumatoid arthritis. 
Arthritis Res Ther 2011;13(1):R31.

25. Rezaei H, Saevarsdottir S, Geborek P, Petersson IF, van Vollenhoven RF, Forslind K. Evaluation of hand 
bone loss by digital X-ray radiogrammetry as a complement to clinical and radiographic assessment 
in early rheumatoid arthritis: results from the SWEFOT trial. BMC Musculoskelet Disord 2013;14:79.

26. Wevers-de Boer KV, Heimans L, Visser K, et al. Four-month metacarpal bone mineral density loss 
predicts radiological joint damage progression after 1 year in patients with early rheumatoid arthritis: 
exploratory analyses from the IMPROVED study. Ann Rheum Dis 2013.

27. Bolotin HH, Sievanen H, Grashuis JL, Kuiper JW, Jarvinen TL. Inaccuracies inherent in patient-specific 
dual-energy X-ray absorptiometry bone mineral density measurements: comprehensive phantom-
based evaluation. J Bone Miner Res 2001;16(2):417-26.

28. van Kuijk C. Pediatric bone densitometry. Radiol Clin North Am 2010;48(3):623-7.

29. Gilsanz V. Bone density in children: a review of the available techniques and indications. Eur J Radiol 
1998;26(2):177-82.

30. Stagi S, Cavalli L, Bertini F, Matucci Cerinic M, Luisa Brandi M, Falcini F. Cross-sectional and longitudinal 
evaluation of bone mass and quality in children and young adults with juvenile onset systemic lupus 
erythematosus (JSLE): role of bone mass determinants analyzed by DXA, PQCT and QUS. Lupus 
2014;23(1):57-68.


