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Common BMD mistakes

I. Request 

II. Step 1: ID characters

III. Step 2: Good scan criteria

IV. Step 3: ROI(Region Of Interest) insertion

V. Step 4: Area rules 

VI. Step 5: Interpretation
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Common mistakes in BMD
I. request

BMD request: 

a) Indications mistakes

b) Writing mistakes
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BMD request in indications mistakes

CORRECT INDICATIONS
Women aged ≥65 years

Postmenopausal women <65 years of age with risk factors for fracture

Women during the menopausal transition with clinical risk factors for 
fracture, such as low body weight, prior fracture or high-risk medication 
use

Men aged ≥70 years

Men <70 years old with clinical risk factors for fracture

Adults with a fragility fracture

Adults with a disease or condition associated with low bone mass or bone 
loss

Adults taking medications associated with low bone mass or bone loss

Anyone being considered for pharmacologic therapy

Anyone being treated, to monitor treatment effect

WRONG INDICATION 

1. Skeletal pain in absence of other factors e.g. fractures or another 
clinical indication.

2. Chronic disease in absence of other risk factors.

3. Traumatic fractures in absence of another factor.

in women who are or might be pregnant

A patient whose weight exceeds the limit for the DXA table (typically 
about 130 kg for older instruments; 180–200 kg for others) should 
not be put on the table in case of damage to the table frame or injury 
to the patient.
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BMD request: writing mistakes
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1- Personality or identification 
characters

Properly written of name, surname, gender, weight & height.

Selection of reference population: in countries such as Iran 
without exact reference population, based ISCD 
recommendation, for all regions except hip, first 
option is Caucasian, then White, but for hip first 
option is NANHANES III.
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T-scores are commonly used to define osteoporosis/low bone mass. A 
BMD more than 2.5 standard deviations below the mean for a young 
healthy adult white woman identifies 30 percent of all postmenopausal 
women as having osteoporosis; half of these women will already have had 
a fracture. The hip T-score is the site used in clinical decisions.
Z-score is less commonly used but may be helpful in identifying persons 
who should undergo a work-up for secondary causes of osteoporosis. A Z-
score changes over time in relation to the T-score.
The following shows how one might interconvert T- and Z-scores.

Converting T-score to Z-score at the hip:

Age 50: T = Z - 0.37 ~ 0.5

Age 60: T = Z - 1.01 ~ 1

Age 70: T = Z - 1.56 ~ 1.5

Age 80: T = Z - 2.11 ~ 2

Age 90: T = Z - 2.52 ~ 2.5
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Common BMD mistakes

Step 2: Good scan criteria
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2-Good scan criteria

Five characters (first of 2 are 
constant):

1- straightening of each scan

2- absence of artifact

3- upper border of scan

4- lower border of scan

5- both sides borders(inner & outer)

Common mistakes in BMD 
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Straight
(S)

Absence 
of artifact

Upper border
(A)

lower border
(B)

Both sides
(C)

PA Spine +       + At least half of 
T12

At least half of 
L5

At least 2 Cm 
for each sides

Hip + + 2 Cm above of 
upper border 
of trochanter

1.5 Cm below 
of lower 
border of 
lesser 
trochanter

Outer: 1 Cm 
soft tissue, 
Inner: 1Cm 
neck-ramus 
dis., no lesser 
troch.& ob. 
foramen 

Forearm + + proximal: after 
the max elbow 
prominence

Distal:
2 cm after 
radiocarpal 
joint

At least 1 Cm 
soft tissue

Whole body + + 1 Cm above top 
of head

1 Cm below of 
feet

1 Cm soft 
tissue
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A

B

OB

A > B
C

E

Obturator 
foramen

Inner border:

1- C > 1 cm

2. Absence of low 

lesser 

trochanter(E)

3. See the 

obturator 

foramen
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Step 2 
technical 
errors:
1. A ≠ B

2. C error
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B
L.T

Step 2 
technical 
errors:

1. A < B

2. Lesser 

trochanter 

prominency 
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DXA of the lumbar 
spine with poor 
positioning. This 

spine is tilted off-
center. In order to
obtain a valid 
bone mineral 
density 
measurement the 
lumbar spine 
should be 
perpendicular
to the long edges 
of the DXA table. 
This patient should 

be repositioned 
and rescanned.
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3- ROI(Region Of Interest) 
insertion 
For each region should be defined:

Spine: labeling of each vertebrae

Hip: put the femoral neck at the right place

Forearm: put the distal box at correct place

Whole body: put all boxes at right places 

Common mistakes in BMD 
analysis/interpretation 44



A.R.RAJAEI MD

Common mistakes in BMD 
analysis/interpretation

45



A.R.RAJAEI MD

Common mistakes in BMD 
analysis/interpretation

46



A.R.RAJAEI MD

Labeling of 
vertebrae

I. Shape of 
vertebrae:

• L1, L2, L3 are U shape

• L4 X or H shape

• L5 WM shape 

II. Anatomic rules:

• Iliac crest is parallel of 
L5

• The tip of 12th rib is 
parallel to L1

• The longest transverse 
process is L3
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Neck box replacement

• Not passes the 
trochanter or head 
regions(    )

• The inner side of box if 
continues in lower part 
should be crosses the inf. 
Ramus(Red line)

• The outer side of box if 
continues should not 
crosses trochanter 
region in upper 
part(black line)

• The close relation 
between neck & ward 
boxes (green cycle)
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The UD box(I) should be pass through the radioulnar joint & the 
radioulnar line(II) should be straight & 90 degree vertical.
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Common BMD mistakes

Step 3: ROI(Region Of 
Interest) insertion
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Labelling in incorrect, 
L4 falsely labelled and 
at this figure L4 is L3 
and L4 is the lower 
vertebra  
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Femoral neck box placement.. (A) Incorrect analysis: femoral neck T-
score = −3.2. (B) Correct analysis: femoral neck T-score = −3.0.



A.R.RAJAEI MD
Common mistakes in BMD 
analysis/interpretation

57

Q8



A.R.RAJAEI MD

Common mistakes in BMD 
analysis/interpretation

58

Step 3 technical 
errors:

1. Incorrect A box 

insertion

2. 2. B line is not 

vertical 

A
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4- Rules of area

Since bone density is indirectly 
measured by BMC/area, and 
since area is determined by 
technician, so it must have rules 
that go beyond the specified 
limit.
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Area: L1 (9.5-11.5) < L2 (10.5-13.5) < L3 (12-14,5) < L4 
(15-18)
Total area: F= 40-50 M= 45-55 

Common mistakes in BMD 
analysis/interpretation

60



A.R.RAJAEI MD

BMC: L1 < L2 < L3 < L4
BMD: L1 < L2 < L3 > L4
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Step I: not provided
Step II: Above:  ½ T12 

Below: ½ L5
Sides: 2 cm
Straightness: correct
Artifact: none 
All of them is correct

Step III: ROI insertion: upper line: disc space 
between T12-L1

Lower line: disc space between L4-5
but need to define T12, L1, L2, L3, L4, L5
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Based shape: L1, L2,L3 U
L4: X or H
L5:wm

Based anatomic landmarks:
• Iliac crest parallel to L5
• Lowest rib attached to T12
• Longest transverse process to L3
But labelling is correct.
Longest transverse process to L3: not seen
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Step IV: Area: L1> L2< L3 < L4 
Area: Incorrect.

BMD: L1> L2< L3< L4
L1> L2: Incorrect
L2< L3: correct
L3< L4: Incorrect

Best region for report: L2-3
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L5

L4

L3

L2

L1

Probably 
don’t use 
lumbar spine 
positioner 
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Area rules: ward < ½-1/3 neck area
Trochanter: F= 11 ± 3 M= 13 ± 3
Neck: F > 4.5 M > 5
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Step I: Name: probable 
Sex: Female
Weight & Height: probable
Ethnicity: Incorrect(foonote: NANHENS III & ethnicity White)

Step II: Above:  ≥ 2 Cm
Below: ≥1.5 Cm ( A > B) Incorrect
Sides: Inner: neck-ramus distance > 1 Cm, visibility of 

obturator foramen & no or low visibility of lesser trochanter 
Outer: ≥ 1 Cm of soft tissue

Straightness: correct
Artifact: present(Red arrow) 
All of them is correct except artifact & scan should be 

restarted.
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Step III: neck box replacement
4 characters: 
- should not be enter to head & GT(white arrows)
- Inner border line continues should be crossed of 

ramus or very near to ramus(Red arrow)
- Outer border line continues do not enter to 

GT(Green arrow)
- Neck box should be near to ward box(Green cycle)
Neck box should be moved to inner side
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Step IV: Area: Neck: F ≥ 4.5 & M≥ 5
Greater trochanter: F 11 ± 3 & M 13 ± 3

Neck/ward ratio: ≥ 3

All relatively GT is higher

Step V: lower T/Z score in neck or total region.

Total: T-score & normal

If all of 4 steps are correct the result is conclusive
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Area: 1/3 of radius > 2 & Total: >12
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5- selection of best region 
of each scan

Based on results. 

At spine, at first four vertebrae or  L1-4 is better then three near vertebrae such as 
L1-3 or L2-4 & finally the adjacent vertebrae such as L1-2, L2-3 & L3-4 can be used 
and we cannot use of one vertebra.

At hip: the lowest score(T or Z) between neck & total.

At forearm: 1/3 of radius is best region.

Common mistakes in BMD 
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BMD  report

M > 50 yrs
F > 50 yrs Or
Postmeopause

M < 50 yrs
F < 50 yrs 
Or
Premeopause

T - Score

Z - Score

≥ - 1.0

Normal 
BMD

< - 1.0 to  
> 2.5

Low 
bone 
mass

≤ 2.5

Osteoporosis

> - 2.0
≤ - 2.0

“Normal BMD” 
OR
“Normal bone mass “
OR 
“normal the expected 
range of age”

“Low BMD”
OR
“low bone mass”
OR
“below the 
expected 
range for age”

Common mistakes in BMD 
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Types of comparison

Same Center & Same Device (SCSD)

Same center & Different Devices(SCDD)

Different Centers & Same Devices( DCSD)

Different Centers & Different Devices(DCDD)
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Same Center & Same 
Device (SCSD)
Step 1: check & control the ID of patient esp. height & weight because 
may be changed. 

CAUTION: 

If any problem or technical errors 
present in first and or second scan, 
we can change it.
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Same Center & Same 
Device (SCSD): Step 2

Step 2: good scan criteria

Its very important that take the scan same as the first as much as possible except artifacts if present in first 
scan.

CAUTION:
If any problem or technical errors present in first scan, we 
cannot change it, therefore keeping of good scan criteria on 
first scan is very vital.
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Second scan shape should be very similar to 
first scan
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Second scan shape should be very similar to 
first scan
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Same Center & Same Device 
(SCSD): Step 3= ROI insertion
Insertion of ROI boxes on correct region on both scan is very crucial.

CAUTION: 
If any problem or technical errors 
present in first and or second scan, we 
can change it.
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On spine scan: labeling of vertebra is 
should be similar.
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On hip scan: neck box insertion is should be similar.

Common mistakes in BMD 
analysis/interpretation

91

First Scan 
2018

Second Scan 2020



A.R.RAJAEI MD

Where is the best region for
neck box:

The neck box should be replaced on the 
neck area as that: 
1-Not passes the trochanter or head regions
2- The inner side of box if continues in lower part should be crosses the inf. Ramus
3- The outer side of box if continues should not crosses trochanter region in upper part. 
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Same Center & Same Device (SCSD): 
Step 4: rules of region

Determination of total area for comparison:

For spine scans:

Selection of which vertebrae keeps the below rules on first scan:

Area: L1>L2>L3>L4

BMD: L1>L2>L3<L4

❑ Selection of which vertebrae keeps the below rules on second scan:

Area: L1>L2>L3>L4

BMD: L1>L2>L3<L4
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Same Center & Same Device (SCSD): 
Step 4: rules of region

If both scans have same region of kept rules for example both shows L1-4 or L2-4, L1-3, L3-4 and etc. we can go 
to later stage of comparison, but if on first scan 2 vertebrae for example L2-3 is suitable & on second scan 3 
vertebrae for example L2-4 was suitable, we use L2-3 for comparison.

After selection of kept rules region, we should see the total area of two scan and as a rule the difference of 
these should not above 2 cm.

Common mistakes in BMD 
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Same Center & Same Device 
(SCSD): Step 4: rules of region

But for hip region, the only region can be used for 
comparison is TOTAL, on special cases the 
trochanter or body may be used but never ever 
uses of neck for comparison.

On forearm region, comparison should be done 
based on TOTAL not 1/3 or 33%.
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Same Center & Same Device 
(SCSD): Step 5: interpretation

We have three stages in this step:

Stage 1: Separate report of each scan

Stage 2: Determine of percent change on 
compared scan

Stage 3: Define of response as complete , partial 
or no response.
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Stage 1 of step 5

Based on selected region definition on 
previous step & below algorithm the 
final result of each scan explained.   
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BMD  report

M > 50 yrs
F > 50 yrs Or
Postmeopause

M < 50 yrs
F < 50 yrs 
Or
Premeopause

T - Score

Z - Score

≥ - 1.0

Normal 
BMD

< - 1.0 to  
> 2.5

Low 
bone 
mass

≤ 2.5

Osteoporosis

> - 2.0
≤ - 2.0

“Normal BMD” 
OR
“Normal bone mass “
OR 
“normal the expected 
range of age”

“Low BMD”
OR
“low bone mass”
OR
“below the 
expected 
range for age”
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Stage 2 of step 5

Common mistakes in BMD 
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Cbmd= second or last BMD – first or previous 

scan/first or previous scan X 100

=BMDL1-2=bmd L1-2(2020) - bmd L1-2(2018)/bmd L1-

2(2018)x100

=0.692-0.717/0.717

= -3.5%
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Stage 2 of step 5
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Cbmd hip= total  hip BMD 2020- total hip 

BMD2018/ total  hip BMD2018 x 100

= /0.780-0.748/0.748 x100

=4.3%
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BMDL1-2=bmd L1-2(2020) - bmd L1-

2(2017)/bmd L1-2(2017)x100

=0.584 - 0.563/0.563 x100

=3.7%
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Cbmd hip= total  hip Bmd 2020 -

total hip bmd2017/ total  hip 

bmd2017 x 100

= 0.454 - 0.446/0.446 x100

=1.8%
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Stage 3 of step 5

Response to treatment needs to information

1- the device precision

2- the center LSC

For SCSD

Definition as below:

≥ 7% increase on BMD= complete response

Between +7% & -7% = Partial response

< -7% decrease on BMD = no response 
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Refractory to osteoporosis treatment 

Occurrence of two fragile(low trauma) 

vertebral fractures after 1 yr 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, 
troc, inter/body) & forearm total) on SCSD after 1 year of correct 
treatment.
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BMDL1-2=bmd L1-2(2020) - bmd L1-

2(2017)/bmd L1-2(2017)x100

=0.584 - 0.563/0.563 x100

=3.6%

CONCLUSION: Partial response 
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Cbmd hip= total  hip Bmd 2020 - total hip 

bmd2017/ total  hip bmd2017 x 100

= 0.454 - 0.446/0.446 x100

=1.8%

CONCLUSION: Partial response
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