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Serial or compare bone mineral densitometry: how to do it step by step

Alireza Rajaei'”

! Shahid Beheshti University of Medical sciences, Faculty of medicine, Tehran, Iran

Bone mineral densitometry (BMD) is the most valuable method for assessing bone and calculating fracture risk. Serial or

comparative bone densitometry is important in rheumatologists' work on osteoporosis management. The response or lack

of response to osteoporosis treatment based on densitometry scans is crucial. This paper examines the timing of scan

requests concerning the history of glucocorticoid use, renal or other solid organ transplantation, malignancy, and other

situations discussed. We encountered four types of compared scans based on the centers where BMD was performed and

the precision of the devices used for this survey: Same Center, Same Device (SSSD), Same Center Different Devices
(SCDD), Different Centers Same Devices (DCSD), and Different Centers Different Devices (DCDD). We discussed the

principles of comparison and the key indicators.
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Principles and methods

Definitely the most important role of bone mineral
densitometry (BMD) is to compare with multiple
results from similar patients for changes in bone
density over time. Frequency and correct time of
repeat of BMD based on risk factors showed in
two Figures (Figures 1, 2) [1-8]. There are four
types of compared BMD: (1) Same Center &
Same Device (SCSD), (2) Same Center &
Different Devices (SCDD), (3) Different
Centers & Same Device (DCSD), (4) Different
Centers & Different Devices (DCDD). In this
article we discussed the principles of SCSD.
Same Center & Same Device (SCSD)

It is the best type and recommended form of BMD.
Serial or compared BMD indications are (1)
to monitor response to therapy, (2) to assess non-

response by bone densitometry as one source of
responsiveness, (3) to follow up patients who are
not on treatment and are at risk of bone loss
(such as steroid users, hyperparathyroidism).
Same as other BMD reading and interpretation,
SCSD have 5 steps.
Step I: ID Characters control

In this step we control the name, surnames,
age, sex, height, ultimately
reference population

weight and

(ethnicity) shown in
Figures 3, 4. It should be remembered that any
problems in above data, can be solved if both
scans be available. About reference population,
the International Society of Clinical Densitometry
(ISCD) recommendation is selection of specific
population such as White, Black, Hispanic, Asian,
if patient is not in any of above population better
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‘When should we repeat BMD
New onset . .
GIOP BMD Result Malignancy Transplantation
Fracture !
Yearly
After During || No Steroid
Chemotherapy | | Chemotherapy Steroid user use
— Yearly
With new|| Without Yearly
Fracture || Fracture !
Continue . .
. . Discontinue
Steroid use
Figure 1. Algorithm for repeat BMD in some conditions
When should we repeat BMD
}ew onset GIOP BMD Result Malignancy Transplantation
racture -| v
Normal Low bone mass Osteoprosis
| | FRAX q.2.yr
Risk Risk
factor- factor |
| | MOF < 20% MOF = 20%
Age >50 Hip <3% Hip = 3%
Or Minor Major
menopause
- + I I
I q.5.yr q.2.yr
Now need q.5.yr
Figure 2. Algorithm for serial BMD based of BMD result
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Name Sex: Female Height: 162.0 cm
Patient 1D- 9211 .54 Ethmicity: White Weight: 73.0 kg
DOB: 14 April 1944 Age. O/

Referring Physician: Dr Rajaei

h- a v Scan Information:

Scan Date: 03 July 2011 ID: A07031107
Scan Type: x Lumbar Spine

-
L] i 2 Analysis: 03 July 2011 09:40 Version 13.0
: Spime
£

Operator: N
Model: Discovery W (S/N 83167)
Comment:

“‘
- -
m -
. DXA Results Summary:
-
*; ’. ( Region Area BMC BMD T- PR Zz- AN
- - (cm*) (g) (g/cm®) score (%e) score (%0)
- ~ - L1 11.68 988 0846 -1.3 85 04 105
T » % - 2 1340 1139 03850 -1.6 83 03 104
. I3 1419 1242 0875 -19 81 0.1 101
4 1609 1338 0.831 21 78 00 99
Total 5536 47.07 0850 -1.8 s1 0.1 102
= —
. 2 Tomal BMD CV 1.0%

WHO Classification: Osteopenia
Fractre Risk: Increased

Comment:

Figure 3. Attention to ID characters in the first scan

Name: Shafei, Sex: Female =ht. 1600 ¢
Patient ID: 92.11.54 Ethmicity: Whate : 70
DOB: 14 Apnil 1944 Age: 69

Referming Physician: Dr.Rajae:

e 3 Scan Information:
o 1; & Scan Date: 23 January 2014 ID: A01231404
» Scan Type: x Lumbar Spine
1] ; 3 Analysis 23 January 2014 07:16 Version 13.3
. * Spme
% Operator
2] . Model Discovery W (S/N 83167)
s s
~ ~
R 2
fo ‘- -
’ E DXA Results Summary:
LY & Region Area BMC  BMD X PR z
«cm®) (®) (g/cm®) score (%) score
L1 11.31 1009 0.892 0.9 20 1.0
L2 1327 11.83 0.892 -1.2 87 0.8
L3 1507 1381 0916 -1.5 85 0.6
L4 16.79 1538 0916 -1.3 86 09
Total 56.44 S1.11 0905 1.3 86 0.8
bp——
116 x 12 1-~":l BMD CV l,“..
IVHO Classification: Ostcopenia
Total
' N— T ———

BMD
T-s0re

Comment:

Figure 4. Attention to ID characters in the second scan
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to use Caucasian.
Step II: Control of good scan criteria

This step has 2 phases:
I. Checking the similarity of scan image (straigh-
tness, top, bottom, both sides)
II. Checking the good scan criteria in each scan

It’s very important that takes the new scan looks
as similar as possible to the previous scan (except
artifacts). The straightness of limbs (for example
spine or hip) is very important at this step (Figures
5, 6). Since the first (old) scan is the basis for the
second (last) scan, it is important to teach the
technician the criteria for a good scan as shown in
Figures 7 and 8 [9-13].

Spine good scan criteria (Figure 7) are:
1- Lack of artifact
2- Spine should be straight (S)
3- Upper border: at least /2 of T12 (A)
4- Lower border: at least /2 of L5 (B)
5- Each side: at least 2 cm at each side of spine (C)
Hip good scan criteria (Figure 8) are:

1. Lack of artifact
2. Hip should be straight (S)

3. Upper border: at least 2 cm above greater
trochanter (A)
4. Lower border: at least 1.5 cm below ramus of
pubis (B)
5. Inner border:

a. no or small size of lesser trochanter (E)

b. visibility of a part of obturator foramen (D)

c. distance between ramus and neck 1ecm(C)
6. Outer border: at least 1 cm soft tissue (OB)

When this step successfully passed (similarity of
each scan in previous and recent results such as
Figure 4 for spine scans and Figure 5 for hip
region), we can go to step III. In should be
emphasized that the technician must be seen the
previous scan and take the new one with maximum
similarity to earlier scan [14-26].
Step IlI: Unification of Region of Interest (ROI)
insertion

During this step, the ROI or area of both scans
should be the same. In spine region it’s necessary
to uniform labeling of vertebrate in scans. For this
purpose, the vertebrates should be labeled or num-
bered. Technically two ways for labeling exist:

SexFemale Height: 160.0 cm Sex: Female Height: 161.0 cm
Patient I: 99,0236 Ethnicity: Cancasian Weight: 68.0 kg Patient ID: 99.02.36 Ethnicity: Caucasian Weight: 66.0 kg
DOB: 14 March 1945 Ag:T3 DOB: 14 March 1943 Age: 75
Referring Physician: Dr Rajaei Referring Physician: Dr Rajaei
Eaw Scan Information: Scan Information:
4’*’% Scan Date: 08 May 2018 ID: A0308180C Scan Date: 29 April 2020 ID: A04292004
2 Scan Type: {Lumbar Spine Scan Type: fLumbar Spine
t‘ % , Analysis: 08 May 2018 08:43 Version 13.3 Analysis: 29 April 2020 10:01 Version 13.6.0.2
s & Spize . Soine
Spine pine
‘f ® Operator:  Sh Operater:  NB
Model: ~ Discovery W (SN 83167) Model:  Discovery W (SN 83167)
Comment: Comment
[ =
DXA Results Summary: DXA Results Summary:

S H
Emage no for dsagmostic use
133133

Region Area BMC BMD T- PR Z-
(cof)  (9) (@) score (%) score

“4 49 090 92 B 18
1) 1512 1602 1060 03 103 23
3 1740 2063 L1185 09 109 33
4 080 2584 128 15 16 40
Total 6306 7648 LI4 07 107 30

=

.
Toul BMDCV 10%

WHO Classification: Normal
Fracture Risk: Not Increased

;. l
Image not for diagnostic use
13x129

Region Area BMC BMD T- PR Z-
(e) (g (gewr) score (%) score

Ll 1406 1292 0919 06
2 1532 1634 1066 03 14 27
L3 1695 1920 L1133 04 105 30
4 174 1972 1151 08 108 34

Total 6347 6819 1074 02 1083 27

AM
(%)
122
139
140
148
137

Tl BNDCV 10%
WHO Classification: Normal
Fracture Rusk: Not Increased

Figure 5. Special attention to spine image for similarity of straightness, above, below & sides of both scan
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Name: Ataran, Masoomeh Sex: Female Height: 160.0 cm Name: Ataran. Masoomeh Sev: Female Heistt: 161.0¢cm
Patient ID: 99.02.36 Ethnicity: Caucasian Weight: 68.0 kg Patient ID: 99.02.36 Ethnscity: Caucasian Weight: 660 ke
DOB: 14 March 1943 Age:T3 [DOB: 14 March 1945 Age: 7S
Referring Physician: Dr Rajaei Referring Physician: Dr Rajeet

Scan Information:

Scan Date: 20 April 2020 ID: A4202003
Scan Type: x Left Hip

Analysis: 20 April 2020 09:39 Version 13.6.0.2

Scan Information:
Scan Date: 08 May 2018 ID: ADS08180B
Scan Type: X Left Hip

Analysis: 08 May 2018 08:42 Version 13.3 Hip
Hip Operator:  NB
Operator:  Sh Model:  Discovery W(SN83167)
Model:  Discovery W (SN 83167) Comment:
Comment: =
e |
=
DXA Results Summary:
Regm Area BMC BMD T- PR Z- AM Tstorevs Whe Femaie Soarce:2012 BMDCS'NHANES White Female Z-scove s
() (9 (@gew) score (%) score (%) White Femnale. Source 2012 BMDCS NELANES Whie Female.
Neck 490 38 072 11 8 08 1§ [T ——
Tch 1394 721 0518 -8 7 04 9
Imer 217 450 1057 03 % 12 11 Inage ot dagosic e 10-yvear Fracture Risk!
g oo fr s o Toal 4200 3524 0839 08 & 08 1M :‘f&llfmi Major Osteoporotc Fracture 1%
10x119 Wads 119 057 0474 22 6 05 1M HAL 110mm Hip Fracture L%
NECK 99315 . Reportad Risk Factors:
US (Cacasne), Neck BAD=) 727, M1 3

Figure 6. Compare the both hip image for mentioned items (straightness, above, below & sides)

ilisx 129

Figure 7. Spine good scan criteria Figure 8. Hip good scan criteria (the bone (OC) below
the ramus is osteochondroma not artifact
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1. Shape of vertebrae: as a rule, vertebrae of L1, L2
and L3 are U shape and L4 is “X” or “H” shape. L5
has “wm” so the above border of L5 is same “w”
and below borders as “m” (Figures 9,_10).

L1

L2
L3
L4

lliac Crest L5

XX<€<LK

Figure 9. Schematic scan labeling [12]

5 * “3
o S
e - =
oee.
-~ >
®!Rre

¥
N

Figure 11. labeling of vertebrae based of landmarks

’ }

L4

116x
DA? | 6 cGy*cm

“
4
-
¢,

In compared BMD, unifying of both spine scan
is very important and need to use of similar
labeling of vertebrae correct passing of this step is

obligatory for going to next step.

2. Landmark use: iliac crest bone is parallel of L5
and rib connects to T12 and the third landmark is

long transverse process that see on L3 (Figures 11
and 12).

Tiape 1104 for dusraonte ive
16x18

Figure 10. Real scan [12]

Figure 12. Long transverse process at L3

In the pelvic area, it is important to have the neck
box (rectangular box) in the same location in both
scans (Figure 13).For this purpose, four characters
should be assessed:

Rheumatology Research. Vol. 9, No. 1, January 2024
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1. Neck box should not be entered to head or greater
trochanter region (H/GT at Figure 14)

2. The inner line of the neck box should cross the
ramus pubis if it continues (NBIB at Figure 15).

3. The outer line of neck box should not enter the
greater trochanter region if it continues (NBOL at
Figure 16).

Figure 13. Neck box (green box)

Figure 15. Inner line of neck box should be near
or cross the ramus of pubis or ILNB (black line)

4. The ward triangle (the square box) should be near
or attached to neck box (WBNB at Figure 17) and
should not be separated (Figure 18).

If all the characters in the two images are similar,
you can go to the next step. It should be mentioned
again, we or technician can correct this step without
repeating of scan [27-29].

Figure 14. Neck box between head (H) and
greater trochanter (GT)

Figure 16. outer line of neck box should not be
enter the greater trochanter or OLNB (red line)

68
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Figure 17. ward box (blue) should be near of neck box or WBNB
(black circle)

If all the characters in the two images are
similar, you can go to the next step. It should be
mentioned again, we or technician can correct this
step without repeating of scan [27-29].

Step 1V: Control of area & BMD in both scan

This step has 3 phases for spine region and
two steps for hip and forearm regions. In the spine
scan 3 phases should be considered:
Phase 1: selection of best region

For selection of best region, area and BMD rules

should be considered. According to the area rule,
the lumbar spine area gradually increases from L1
to L4 (L1 <L2 <L3 <L4) (Figure 19). The border
of the vertebral region is determined by the
technician, so it requires great care to clarify the top,
bottom and both sides. On the other hand, the area
rules are the most important duty of the technician,
and compliance with the rules of the area in each
scan (spine, hip, forearm and whole) is the main
duty of the technician to reduce reporting errors.

According to the BMD rule, the lumbar spine
BMD gradually increases from L1 to L3 and the
decrease to L4 (L1 < L2 < L3 > L4) (Figure 19).
Thus, if both rules (area & BMD) are kept, L1-4
selected and based on the rules three or two
consecutive vertebrae should be elected (Figure 20
area error & Figure 21 BMD error). The best
region to scan the spine for a patient is shown in

Figure 18: ward box not near the neck box

Figure 22.
Phase 2: selection of the common best region

for both scan

If two scans have the same best region based
of area and bone density, the same region is selected
as the common best region. But if in the first scan
L1- 3 is suitable and in the second L2-4 is suitable,
then L2-3 is the common best region (Figure 23).
Phase 3: Controlling the area difference between
two scans

At this phase, it is necessary to compare the
common best region between the two scans and this
difference should not be more than 2 square
centimeters (Figure 24). It should be noted that if
there is no problem in performing & analysis the
scans, the device itself compares the L1-4 region
(Figure 25).

In the hip scan 2 phases should be considered:
Phase 1: Choosing the total area as the common
best region

For comparison in hip scan, we should be
used total region. If the total region cannot be used
in decreasing frequency greater trochanter, inter
trochanter, and finally neck regions may be used.
Phase 2: Controlling the area difference between
two scans

In hip scan, the difference area should not be
above 2 cm? (Figure 26). If the difference in the
total area of two scans is more than 2 square
centimeters, then itis necessary to correct this

Rheumatology Research. Vol. 9, No. 1, January 2024
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Figure 19: keeping of rules in area and BMD in all vertebrae from L1 to L4 and election of L1-4 for report

Scan Information:

Scan Date: 07 Apnl 2021 1D: A0407210K
Scan Type:  Tumbar Spine
Analysis: 07 Apnil 2021 11:45 Version 13.6.0.2
Spine
Operator:  NIB
Model: Discovery W (S/N 83167)
Conunent:;
LALLY T PR 7. AM
(w/em’) score (%) score (%)
0.725, -3.2 G8 -3.2 G8
(')_7(;51 =3.0 70 =3.0 70
0.810 2.7 73 2.7 73
0,782 -2.8 7. -2.8 72
0.746 -2.8 71 -28 7
LI.L3 29.66 22.86 0.771 =2.6 73 “2.6 73
L1L4 29.80 22.53 0.756 -3.0 7 -3.0 7
1.2-1.3 30.44 24.00 0.789 -2.8 72 -28 72
L2.L4 30,58 23.67 0.774 »3.2 69 -3.2 69
Li-14 32.20 25.63 0.796 -3.0 71 -3.0 7
L1-L3 44,07 33.89 0.769 2.9 2 29 72
L1-1L2.14 44.21 33.56 0.759 -3.0 70 -3.0 70
L1.L3-L4 45.83 35.52 0.778 =29 71 2.9 71
1214 46.61 36,65 0,786 -3.0 71 -3.0 71
L1 L4 60.24 46.54 0.773 2.9 71 2.9 A

Scan Date:
Scan Type:
Analysis:

Operator:
Model
Comment

Scan Information:

26 October 2022
f Lumbar Spine

ID: A10262209

26 October 2022 09:19 Version 13.6.1.2

Spine
A

Horizon Wi (S/N 304687M)

You should be know the area can be changed by alter
the above, below or sides of vertebrae, therefore
except during fracture correction of area is possible,
such as this case with change of above line of L3 the
area of L3 increase and L2 decrease (black line)

Scan Date:
Scan Type:
Analysis.

Operator
Model
Comment

Scan Information:
12 July 2023

f Lumbar Spine
12 July 2023 12:14 Version 13.6.0.5
Spine

Honizon W1 (S/N 304687M)

Area rules are correct but BMD in L3-14
increases instead of decreasing, so the best
region is L1-3

ID: A0712230T

3
Image oot for dingmostc use
DXA Results Summary: DXA Results Summary:

Repe ] (&}g’, — (55 e :9.} Region Area BMC BMD e P z. AM
L 1070, 0652 31 66 08 88 (o) @ (gem) e Ll o L)
= s 06‘:* = " i = L 1164 1006 086 -1 & 04 108
“ - : : : 1] 1423 1307 0919, 10 ) 07 109
L3 “'“* 0768 = g s % 3 1493 1458 0.9'51 10 % 08 110
1A 1174 9585 34 & s L 14 1510 1572 L4l 02 % 16 121
L1L2 2189 0.635 29 2k 25 I L2 2587 214 0.894 08 0 08 1
A 2L a7i1 2l i 22 5 LLL3 257 16 0927 08 92 09 12
LLI# = 0670 & 25 = LLL4 2674 2578 0964 07 9 10 13
213 234 0712 67 06 92 213 216 2765 0948 -10 % 07 109
L214 2294 0.672 62 Ll 85 24 2933 2879 0982 09 91 09 11
L314 2289 0.126 66 2038 2 1314 3003 3030 1009 08 2 10 12
LI-L3 33.04 0.693 68 05 9% L1-13 4080 3771 0924 09 9l 08 111
L1214 3364 0665 64 09 88 LI-L214 4098 38.86 0948 08 ) 09 102
LLL3-L4 3350 0.702 32 7 06 9 LIL3A "e 4036 0969 08 0 10 102
1214 3408 0703 34 65 08 89 1214 “z 4537 0980 09 91 09 1
Li-L4 4478 0.691 32 66 07 % LIL4 5591 3.4 0956 08 o1 09 I

Figure 20. Area error in spine region and choosing of

kept area rules

Figure 21. Failure of BMD rule and selection of areas

that have complied the rule
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W - Scan Information:
~ Scan Date: 18 Jannary 2014 ID: AOLISI4ID
. Scan Type: x Lumbar Spie
Analysis: 18 January 2014 14:51 Vension 13.3
Spine
~
¢
L R Model Discovery W (SN 83167
L2} : Comment
4£* 5
» New sean: Area rules are correct but about BMD
- from L1-2 is incorrect but L2-3 & L3-4 comply
E 149 with the rules, therefore 1.2-4 should be selected.
? N
PR |
L4 s "t DXA Results Summary:
v Reglon ! i 1 PR Z- AM
s & : ) Jeore (%) score (%)
':' i 4 ) L 'w o 0746 |22 % 04 98
’ ¢ 12 32 9 Y 66 L1 &
+ L3 3 769 1 07 91
Q’ . 14 7. 22! 7 68 09 88
% 4 1 Total S804 4000 0726 © 08 %
Toal BMD (Y
ters WHO Classification: Osteoporosis
Fracture Risk: High
PP Scan Information:
Scan Date: 03 Janaary 2012 D ADI031210
Sean Type: x Lumbar Spine
w" Analysis: 03 Janmary 2012 15:07 Version 13.3
LR
2.5 Operator A
) p- T 1 Model:  Discovery W (SN 83167)
o Comment
v Ol scan: Arca rules are correct but about BMD
from L.1-2 & 1.3-4 are incorrect but 1.2-3 comply
E with the rules, therefore L2-3 should be selected
‘e T
ad 9
L DXA Results Summary:
< Reglon] Area B PR L AM
‘ » (') ore (%) wore (%)
\ ; 1 ) 7 93 96
' 12 1 67 Ll L]
“y ” &} i 65 14 8
18] 22 2 n L6 9
Total  S437 3987 0733 29 0 09 88

Tota BMD CV | 0%
WHO Classification: Ostecnorosis

Figure 22. Selected best region for old & new spine scan

L2-13 28.06  Scan Date: 01 October 2020
1213 3083 ScanDate: 28 August 2016

Figure 24. The difference between the two area in the
selected common region, should not be more than 2 cm?

difference by increasing or decreasing the area.
Figure 27 shows the compared scan in hip region
with high area difference and how to correct this
problem [30,31].
Step V: interpretation
This step has 3 phases:

Phagse 1: reporteach scan separately

In this phase based on the results (best
selected region in step IV for spine, lower result
between total and neck in hip scan and 1/3
of radius for forearm) of bone density are
reported (Figure 28). It should be mentioned
here that the final conclusionis the lowest result

Scan Information:

Scan Date: 01 October 2020 ID: A10012004

Scan Type: f Lumbar Spine

Analysis: 01 October 2020 08:45 Version 13.6.0.2
Spine

Operator:  NB

Model Discovery W (S/N 83167)

Comment.

All Area rules are correct & all BMD are also correct, so
should be select T.1-4 for report (blue box) but after
secing the seeond scan, L2-3 should be used for
comparison (green box)

JXA Results S‘inmary:

Region Area BMC BMD PR AM
2 (gem) core (%) score (5}
0.700 26 71 -10 87
0.742 2.6 2 -0.8 %0
0.806 s 74 06 92
0.815 77 -0.3 97
0.724 74 -0.6 92
0.760 2 78 -0.5 93
0.766 S 74 -0.6 92
0774 25 73 07 o1
0.780 2.7 . -0.8 %0
0510 26 74 -0 o
0.754 2.4 74 0.6 o
758 25 73 0.7 91
0.780 25 74 06 92
788 26 73 07 o1
0.770 25 74 0.7 o |

Scan Information:
Scan Date: 28 August 2016 ID: AOS28160W

Scan Type: f Lumbar Spine

Analysis: 28 August 2016 14:43 Version 13.3
Spine

Operator: Sh

Model Discovery W (SN 83167)

Comment:

Sceing arca that ull obeyed the rule and BMD
that only L2-3 obeyed the rule, L2-3 should be
used for reporting and comparison.

1mage not for disgnostic use
105 %134

DXA Results Summary:
Region Area BMC BMD T PR z AM
(g/cmé) %

(cm?) ® score (%) score ®%)
L1 0516 16 82 02 98
L2 0.806 20 78 05 91
L3 0.820 24 76 -0.8 9
L4 0.847 -19 80 0.3 97
L1-L2 0811 -15 83 0.1 9
LLL3 0818 -18 81 02 97
LLI4 0835 -18 50 03 9%

[2i3 0513 22 77 06 52
204 03530 22 77 06 52
L3-L4 2 0.836 24 76 -0.8 91
LI-L3 44.77 36.16 0514 19 50 03 9
L1214 50.10 41.40 0826 1.9 80 03 9%
LLL3-14 51.07 42.40 0.830 2.0 79 04 94
1214 52.08 43.08 0827 23 77 07 92
L1-L4 66.00 5443 0.825 -2.0 ” 0.5 94

Figure 23. Common best region selection

between spine, total and neck in hip, so that if, for
example the spine is osteoporotic and the neck
is normal, the final conclusion is osteoporosis
(Figure 29).
Phase 2: determine percentage change between
two scans:

In spine, after finding of best region or
best vertebrae in previous step we can take
percentage change between scans based this
formula:

Cbmd= new the common selected region bmd -
previous same the common selected region bmd/
previous same the common selected region bmd %
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100. For example, for case of Figure 22 after use 2016)/ bmd (L2-3: 2016) x 100
of formula we reached to these results: Cbmd (L2-3)=0.774 - 0.813/0.813 x 100 Cbmd
Cbmd (L2-3) = bmd (L2-3: 2020) — bmd (L2-3: (L2-3)=-48%~ -5%
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Figure 25. Usual device comparison
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Scan Information:

Scan Date: 27 November 2018 ID: Al1271803
Scan Type: x Left Hip

Analysis: 27 November 2018 08:38 Version 13.3

Figure 26. The difference in the appropriate area in the hip

Hip scan

Operator
Model:  Discovery W (S/N 83167)
Comment:
DXA Results Summary:
Region Area BMC BMD T- PR Z- AM

(cm) (@) (g/em’) score (%) score (%)
Neck 522 369 0708 -13 83 07 12
Troch 1095 688 0628 -0.7 8% 07 113
Inter 2563 2589 1010 06 92 08 113

Image not for diagnostic use Total _ 4180] 3647 0872 .06 9% L1 18
12x121 Wards 113 060 0528 -18 09 126
NECK:46x 15

$Scan Intormation:
Scan Date: 21 December 2020 ID: A1221200H
Scan Type: x Left Hip
Analysis: 21 December 2020 10:44 Version 13.6.0.2

Hip
Operator: A
Model. Discovery W (S/N 83167)

Comment:

The difference in the arca of two scans is more than 2

en’, and the reason for that is the lower line of the

ROT box(blue box), should be placed a little higher

(green linc).

DXA Results Summary:

Region Area BMC BMD T- PR Z- AM
(em’) () (glem’) score (%) score (%)

Neck 474 360 0759 08 89 13 123

Troch 1024 623 0608 0.9 §7 06 111

Inter 2141 1855 0866 .15 79 00 101

Image not for diagnostc use Total 3639 | 2837 0.780 -13 8 04 107
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NECK 49x 15

Figure 27. The area difference of two scans is more than
the rule
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BMD report

\
P
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Figure 28. Algorithm of BMD report based the results of best region of spine and hip(total or neck), forearm(1/3 or 33%) & whole
body (subtotal or TBLH)

Indication _for densitometry:
Age=65 yrs
History o,
None

Bone mineral density results:

BMD T- score Z- score Result
Spine (L1I-L4)* 0.809 -2.2 0.3 Low Bone Mass
L-Hip (Total)” 0.549 -3.2 -1.4 Osteoporosis

Diagnosis by WHO criteria®:

According T-Score criteria this study indicates Osteoporosis.

Figure 29. Conclusion of BMD report as lowest result
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Another way to measure Cbmd is to use standardized
bmd or sSBMD calculator. To interpret densitometry
with two devices, it is necessary to first convert
BMD into sBMD (Figure 30) which shows how to
convert in three different devices used (we will fully
discuss the use of SBMD and its value later in
DCDD, SCDD, DCSD topics). When the
information is put in the standardized BMD
calculator, the result of the Figure 31 is obtained.
In hip region, the best region for comparison is
total hip and we can take percentage change
between scans based on this formula:

Calculation of compared hip scan (based formula)
= total hip bmd (new) - total hip bmd (previous) /
total hip bmd (previous) x 100

For example, the calculation of compared scan
in the hip scan based on the standardized BMD
calculator for case Figure 32 is as follows:
= total hip (2020) — total hip (2018) / total hip
(2018) x 100
=0.887-0.864 /0.864 x 100
=2.7%~3%

The bone density change percentage in the hip
scan is often presented as a graph (Figure 33).
Phase 3: Review of response to treatment:
To check the response to treatment, we need at
least two information:

1. Precision of the device

2. The Least Significance change (LSC) of the

It should be noted that the precision of the device
is constant, but the LSC of the center is often
variable, because the technicians and their ability
can change over time.

How to calculate the summary LSC (sLSC) is as
follows:

sLSC = (LSC C1 + LSC C2) x (precision C1 +
precision C2)

Based on this, LSC CI1 is the LSC of the first
center, LSC C2 is the LSC of the second center,
and precision C1 & C2 is the precision of the first
and second centers. For example, with the
following information, the result of the sLSC for
hip & spine region is as follows:

Spine: LSC CI1=1.8%, LSC C2= 2%, precision
C1= 1%, precision C2=1.2%

sLSC = (LSC C1 + LSC C2) x (precision C1 +
precision C2)

=(1.8+2)x(1+12)=8.36~8%

For SCSD, the precision of the device should be
considered constant, and often LSC is often
constant, so the formula changes as follows:
sLSC=LSC x precision (if LSC of first & second

is constant)
sLSC= (LSC first/ old scan + LSC second/new scan)
x precision (if LSC of first & second scans changes)

FEMORAL NECK TOTAL HIP

First Measurement  Second Measurement | First Measurement | Second Measurement

® Hologic ® Hologic ® Hologic 9 Hologic
Lunar Lunar Lunar Lunar
Norland Norland Norland Norland

0.000 g/cm2 | 0.000 g/ cm2 0.000 g/cm2 | 0.000 g/cm2

click to convert click to convert
--- mg/cm2 --- mg/cm2 --- mg/cm2 --- mg/cm2
--- % change --- % change

LUMBAR SPINE

First Measurement  Second Measurement

® Hologic ® Hologic
Lunar Lunar
Norland Norland

0.000 g/cm2 | 0.000 g/cm2
click to convert

--- mg/cm2 --- mg/cm2

--- % change

Figure 30: Standardized BMD

LUMBAR SPINE

First Measurement Second Measurement

® Hologic ® Hologic
D Lunar O Lunar
Norland O Norland
0.813 g/cm2 | 0774 g/ cm2
click to convert |
876 mg/cm2 835 mg/cm2

-4.7 % change

Figure 31. Use of standardized BMD for case of Figure 22

| TOTAL HIP

First Measurement Second Measurement
@® Hologic @® Hologic
O Lunar O Lunar
) Norland ) Norland
0.864 g/ cm2 0.887 g/ cm2

click to convert
877 mg/cm2 900 mg/cm2

j 2.6 % change

Figure 32. Hip scan compared BMD calculator
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vour |
- DXA Results Summary:
Scan Date Age BMD T- BMD Change
— (g/cm’) score | vsBaseline  vs Previous
g ‘ i f2411.2020 58 0.931 0.1 3.5%* 3.5%"*
h 13.05.2018 56 0.899 -03

Denotes significance at 93% confidence level. LSC is 0,027 g/cny

Trochantsr

| Scan Date Age BMD T- BMD Change
i (g/com’) score  vs Baseline  vs Previous
3, e 1.8 Ja4112020 58 0.607 09 3.4%1 34%*
' 13.05.2018 56 0.629 0.7
{
| Denotes significance at 93% contidence level, LSC is 0.018 glem’®
sater
— Scan Date BMD T BMD Change
g __ . g (g/em’) score  vs Baseline  vs Previous
E e LA 24.11.2020 1.103 0.0 5.9%* 5.9%*
e e e | 13.05.2018 1002 04

* Denotes significance at 95% confidence Jevel, LSC 15 0.025 g'eny

Ward's

Scan Date BMD T BMD Change
g — (g/cmr’) score  vs Baseline  vs Previous
Qe &l 24.11.2020 0.634 09 =3.3% -3.3%
h e 13.05.2018 0.656 07
% ¢ “ * Denotes siguificance at 95% confidence level. LSC 1 0.045 g'eur

Figure 33. Usual device comparison in hip scan

Evaluation of treatment response is defined in
three ways:

I. Complete response: when it increases more than
the sLSC, but if there is no information, the value
of 7% is the criterion, which indicates a greater
increase.

II. Failure to response OR no response: when the
reduction is more than sLSC or 7% in cases where
we do not have the device & center information, it
indicates a lack of response.

III. Partial response: which is when neither the
increase nor the decrease is greater than sLSC, and
in cases where we do not have device & center
information, it is between +7% and -7%.

Of course, it should be known that the definition of
lack of treatment response or refractory osteo-
porosis treatment is different, and based on this; the
definition is one of the following three situations:
- Occurrence of two fragile (low trauma) vertebral
fractures after 1 year of correct treatment or one
vertebra & one another regions (forearm, rib,
humerus, tibia, pelvis)

- Occurrence of fragility hip fracture after 1 year of
correct treatment.

- Occurrence of one fragile vertebra fracture and
decrease of above 7% BMD (with this sequence:
spine, then hip (total, troch, intertrochanter/body)

Treatment
outcome | Description

Response | Stability or significant increase of BMD with appropriate
change of bone turnover marker level

Success BMD increase to T-score > =2.0 when treatment is started
because of T-score < =2.5, or T-score increase of at least
1.0 units when treatment is started with T-score > =2.5, and
no recent fracture (e.g., within 3 years)

Failure Two or more incident fractures; or one incident fracture with
significant decrease in BMD and/or lack of appropriate
change of bone turnover marker level; or significant decrease
in BMD and lack of appropriate change of bone turnover
marker level

Figure 34. Consequences of osteoporosis treatment [33]

& forearm total) on SCSD after 1 year of correct
treatment.

There are other definitions for examining
response to treatment, an example of which can be
seen in Figure 34. Based on the mentioned rules, for
the case, the spine changes -5% and hip +3% were
calculated. The final response is “partial response”,
which means that is not necessary to change the
treatment [31-36].
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