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                The good densitometric practice should include assessment of the measurement accuracy 

and precision as a warranty for the timely recognition and assessment of the disease and 

particularly important for the monitoring and assessment of  its development as well as for the 

choice of the adequate therapy.  

                First results from a large-scale study of the performance of  DXA densitometers under 

operation throughout the country prove that one of the main characteristics – precision has 

prevalent importance for the clinical practice than the other one – accuracy, namely in diagnostics 

and therapy particularly the long term monitoring of the patients. The quality control especially in 

its part of radiation protection measurements exhibits high specificity concerning both operator 

and patient. The procedure of determining of the in-vivo precision error and the least significant 

change, respectively, and the screening as well are interconnected with a higher degree of  

radiation exposure for the operator staff.  

                The in-vivo precision (errors) obtained from the clinical practice in the most of the 

osteoporosis centres is inferior to the values recommended by the ISCD and by this represent a 

warranty for a high degree of objectivity and reducing the subjective and stochastic factors in 

diagnostics and following-up of osteoporosis.  
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Introduction 

                Bone densitometry is a reliable diagnostic method for osteoporosis and monitoring of 

changes over time (treatment of the disease). Objective and subjective factors play an important 

role for the correctness (accuracy) and reliability (precision) of the measurements in all 

densitometric methods. The former encounters primarily the machine parameters, the working 

conditions, the regions of interest, the calculation approaches and others among all. The subjective 



factors mainly concern the operator’s ability correctly to find the regions of interest and to handle 

the patient, consistently to accomplish the measurements and to analyze the latter, the patient’s 

state, the population characteristics, the environmental preconditions and so on.  

Precision is crucial for the patient monitoring be it to observe the disease development be it to 

follow the success of the prescribed therapy. It is a function of the bone density and becomes 

worse with decreasing density and the body thickness. As well known in the clinical practice no 

quantitative measurement method is perfectly reproducible.  
 

Material and methods 

              As to the recommendations of the International Society for Clinical Densitometry (ISCD) 

[1] each operator should perform an individual in vivo performance study for each anatomical site 

under consideration (in most cases spine, femur, neck) to determine the least significant change 

LSC for himself. Since the anatomical site exhibits different response to the prescribed therapy and 

the treatment effects occur at soonest and mostly significant at the AP spine (2 to 3 times larger 

than the hip for example) the ISCD recommends it as the first choice.  

             For the reason of lack of investigations over a longer period of time the present study will 

focus on short-term precision as indicative for the densitometry performance and to a certain 

degree for the long-term precision important for the patient monitoring. It is out of doubt that the 

short-term approach suffers under certain offsets:  

1. the subjective factor, i.e., the operator ability to repeat and reproduce the measurement/ 

positioning in one and the same manner: in an hour or a day between the two 

measurements it will be closer one to another, but when a year or longer lie between 

(baseline and follow-up) this will be less probable; 

2. hardware factors including machine calibration (external and internal methods), parameters 

drift (acceptable range) and others.  

For this phase of the quality control these offsets are not of such significance since they wouldn’t 

corrupt the data so much. It then will be necessary for the long-term precision test (much more 

adequate to clinical practice!) to do the needed measurements once again after a year or longer. 

             At present the Dual-Energy-X-ray-Absorptiometry or DXA is  the proven “gold standard” 

method for the diagnostics of osteoporosis. Considering the systematic discrepancies between the 

measurements on different densitometers a number of influencing factors have to be investigated, 



some of them being the calibration method, the different method of producing the two X-ray 

energies, the different ROI’s and the edge detection, and so on. That is why the obtained BMD 

values cannot be used interchangeably from one to another system:  follow-up measured BMD 

values on another machine shouldn’t be applied for prophylactic or therapeutic measures against 

osteoporosis.  

           Because of the different data extraction and analysis software methods as well as diverse 

methods of producing the two X-ray energies (switching and filtering) it is very interesting and 

important to compare the performance of the commercially available DXA machines. This could 

be done in-vitro and more realistically in-vivo by testing the parameters both of the machine and 

the operator. Since the in-vivo precision estimation is much more complicated than the in-vitro one 

and multifactor dependent respectively, and the precise follow-up of uppermost importance for the 

clinical practice, and this could be linked with a higher exposure of the patient (sooner and 

repeated measurements!), the first attempt to this complex matter was to adhere to the ISCD 

recommendation for the estimation of the precision error and the LSC. 
 

Results and discussion 

            The study was done on 6 DXA densitometers from renowned manufacturers under 

operation throughout the country – both, new and second hand ones. The intention was likely to 

identify how precisely operators are working with regard to the recommended values of  precision 

and LSC and not to compare any of the DXA densitometers (nor a cross-calibration). 

The measurements have been made in accordance with the ISCD recommendations (by written 

consent for the patients) when executing an usual bone density measurement followed by a second 

one after having the patient get off the table and then back onto it (normally within one hour). No 

intentional patient selection was done in advance, they pertained likely to the regular cohort of the 

densitometric centre.  

            The precision can be given in the same units as the measurement itself as the standard 

deviation (SD) or the coefficient of variation (CV), usually expressed as a percentage.  

              CV [g/cm2]  =  SD/ X                                         CV [%] = SD/ X . 100 

where X is the mean of the measurements values. 

It then is used to calculate the Least Significant Change (LSC),  from which threshold the real 

biologic change in bone density (be it by natural evolution processes or by any therapy medication) 



can be deduced and the minimum period of time between the follow-up measurements alike. In 

other words, to obtain a warranty for the doctor that the real biological change exceeds the 

imprecision for the single measurement procedure (machine and operator). 

In practice rather than the arithmetic mean SD and CV the root-mean-square SD or CV is 

calculated  

           SDRMS = SQRT [SUM(SD2)/N]        or      CVRMS = SQRT [SUM(CV2)/N], 

where N represents the number of patients. 

The calculated in this manner value is the short-term precision for the corresponding operator of 

the bone densitometry centre. If there are more operators on the machine each of them should 

make his own precision test, and then a mean value (the sum of the individual precision errors 

divided by the operators number) will be representative for the given densitometric facility. 

          From the statistical theory the number of measurements/ scans that independently 

contributes to the calculation of the mean is called degree of freedom - df. For validity reasons the 

correspondence between the df and the patients number is given in the table below 

                     No. of patients                                 No. of scans/ patient 

                              1                                                           31 
                              5                                                             7 
                            10                                                             4 
                            15                                                             3 
                            30                                                             2 
 

To ensure the 95%  confidence interval of the precision value 30 degrees of freedom are to be 

chosen. The last case is the most realistic and patient-friendly one: Two successive measurements 

are much less irradiating the single patient than 4 or 7 ones. The  measurements on all patients 

should be accomplished within one month if possible. The single patient should be repeatedly 

measured within one hour by get off the table and then repositioned onto it once again. From the 

initial measurements the baseline can be constructed and later be used as reference for the 

individual patient history.      

          Thus, the precision errors for the measurements at the most examined skeletal sites   can be 

determined. In consequence the LSC can be computed with the aim for the doctor/ operator to 

know when the follow-up measurement should be done: 

                                    LSC = Qci . SQRT(1/n1 + 1/n2), 



where Qci   represents the value for various confidence intervals and n1 and n2 the number of 

measurements at baseline and follow-up respectively (if the No. of  scans is 2 the precision is 

reduced by approximately 30%). Normally the interval of  95% is used, although for the clinical 

practice 80% are more adequate and enough.  

After the necessary calculations (for one initial and one follow-up scans) 
 

          LSC95 = 2,77 . SDRMS                      or         LSC95 = 2,77 . CVRMS        

          LSC80 = 1,81 . SDRMS              or         LSC80 = 1,81 . CVRMS 
 

whereas for two initial and two follow-up scans 
 

          LSC95 = 1,96 . SDRMS                      or         LSC95 = 1,96 . CVRMS        

          LSC80 = 1,28 . SDRMS              or         LSC80 = 1,28 . CVRMS  ! 
 

Some examples:   recommended   CVRMS  <  1,90  %              LSC < 5,30 %  (for lumbar spine) 

                                                        CVRMS  <  2,50  %              LSC < 6,90 %  (for femur) 
 

I. Mathematically calculated: 

                                        (1)          CVRMS =  0,44 %                LSC = 1,22 % (L1-L4) 

                                                       CVRMS =  0,40 %                LSC = 1,10 % (L2-L4) 

                                        (2)           CVRMS =  0,60 %                LSC = 1,67 % (L1-L4) 

                                        (3)           CVRMS =  0,98 %                LSC = 2,72 % (L1-L4) 

                                                        CVRMS =  0,80 %                LSC = 2,22 % (L2-L4) 
 

                                        (4)           CVRMS =  1,62 %                LSC = 4,49 % (L1-L4) 

       only one operator:    (5)           CVRMS =  1,88 “                 LSC = 5,21 %  (L1-L4) 

       more operators         (5mix)     CVRMS =  2,46 %                LSC = 6,80 % (L1-L4) 

       Femur   :                   (6)           CVRMS = 2,07 %                 LSC = 5,73 %  
  
II. Automatic calculator: 

From the ISCD an automatic calculator for the LSC error is available: 
 

                                             (1)         LSC = 1,3%      or   0,013 [g/cm2]  (L1-L4) 

                                                           LSC = 1,2%      or   0,012 [g/cm2]  (L2-L4) 



                                             (2)         LSC = 1,5%      or   0,015 [g/cm2] (L1-L4) 

                                             (3)         LSC = 2,4%      or   0,024 [g/cm2]  (L1-L4) 

                                                           LSC = 1,9%      or   0,019 [g/cm2]  (L2-L4) 

                                             (4)         LSC =  4,3%     or   0,043 [g/cm2]  (L1-L4) 

only one operator                 (5)         LSC = 4,7%      or   0,047 [g/cm2]  (L1-L4)   

                                  Femur (6):       LSC = 5,3%      or   0,053 [g/cm2]     
 

Център 1 2 3 4 5 5mix 6 

I.   CV [%] 0,440 0,604 0,982 1,62 1,880 2,460 2,0690 

LSC [%] 1,220 1,670 2,720 4,49 5,210 6,800 5,730 

LSC [g/cm2] 0,012 0,017 0,027 0,045  0,052  0,057 

II. LSC [g/cm2]  

        –  ISCDac 

 

0,013 0,015 0,024 0,043 0,047  0,053 

 
                                        LSC < 5,30 %       LSC < 0,053 [g/cm2]                                          LSC < 6,90 %  
All values are lower than the ISCD recommended limits (here only for spine and one femur (6)!) 

As it may be seen the calculated values for the LSC error in I. are slightly higher than those in II. 

The former have been derived strictly mathematically taking into account the degrees of freedom. 

It is quite understandable - some uncertainty should be accounted for. For the clinical practice the 

realized slight differences are negligible. The obtained results make the role of L1 evident: for the 

sequences L1-L4 and L2-L4 different LSC values were obtained correspondingly: even not so 

great it rather states a clinical problem! 

If one has the LSC determined the interval of time for the follow-up measurements could be 

calculated provided the expected rate of biological change per year for the disease development or 

the prescribed medication is known. 
 

Conclusions 

During the present study examples of good densitometric practice have been witnessed well 

proven by the independent quality control and the achieved results. Put it in another way, the 

operator should adhere to the provided protocols (by manufacturer and for the quality control!). 

Precision proves to be very indicative for the operator’s ability/ technique to accomplish bone 

densitometry properly and crucial for the monitoring of the disease and its corresponding 

treatment. Operator’s training (manufacturer, clinical, RP, CPD) is not less significant for that.  



It can be recapitulated that the DXA bone densitometers under operation in the country are reliable 

and deliver accurate and precise data  with a high degree of certainty. This fact stands for a steady 

and proper quality control of the machines which leads to a reduction of the radiation exposure to 

patient and staff, among others. The latter is particularly important with regard to the more 

intensive implementation of the National program against osteoporosis (higher workload the all the 

year round) and the introduction of screening for certain population groups. 
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