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The Pitfalls Medical Radiological Technologists should Consider
in Bone Densitometry

Ho-Sung Kim
Department of Radiological Science, Shinhan University, Kyeonggi-do, Korea

Abstract

Bone densitometry is a disease in which bones are easily broken due to metabolic bone disease, and DXA is used as a clinical
standard test. Although DXA is a good method with good accuracy and reproducibility, it is frequently subject to test errors in testing
and result analysis and analysis. Therefore, it is important to recognize the error issues that radiologists should basically be aware
of when performing bone density tests, prevent erroneous diagnoses and treatments resulting from the results, and reduce the
unnecessary costs associated with them. aim. The inspection must be carried out if the quality control of the equipment is basically
continuously performed well before the inspection. Before starting the examination, the patient's age, sex, race, weight, pregnancy
status, and any foreign objects that can be removed should be checked, and the examination should be performed in the correct
posture. In addition, it is important to analyze results consistently. Radiologists, who play the most important role in ensuring
accurate examinations, need to be aware of the potential for errors in advance and develop the ability to deal with the potential for
errors in each examination. For that reason, regular education is considered essential.
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Table 1. Common mistakes in BMD testing

off SIEH(15, 16]. ZEA DXA BIAE Adsted 2
2 WA, A DA 91X 2 b 24, 2 ofel
WE Q14 T8 7 G4 A 9% 2= HlolE o] A0
2012 49 5 OF WY AL olesjor FHI). of
A9 EE(Table. D= £3) oI FUE AAHo] 45

Al
=
2 Uk ZloltH17). webA okl 8-S 7120
ARALS] AAE 9 AT That 7144 aQlow
I 5 Qs 0570 AN BAFTL AL 7143

3,

Category Mistake Examples/comments
* Not doing bone density test in a high-risk
. 8 Y 8 * Healthy 67-year-old woman not tested
L patient
Indication ) . . .
* Doing bone density test when it is unlikely to .
. * Healthy 35-year-old woman is tested
change clinical management
* Failure to follow manufacturers’
recommendations for system maintenance * Phantom scanning never done
and phantom measurement
ualit , . , o * Results of phantom scanning not reviewed or
Q v * Failure to identify and correct significant . p o 8 . .
control ] . ) instrument servicing not requested when calibration
change in calibration
has changed
* Failure to do precision assessment and * It is not possible to quantitatively compare BMD tests
calculate LSC if LSC is not known
. . * Spine not parallel to edges of DXA table or hip not
* Improper patient positioning . .
sufficiently internally rotated
* Scan mode may alter BMD and is manually or
* Wrong scan mode automatically selected, depending on the instrument
Acquisition used
* Invalid skeletal site * BMD measured at hip with total hip replacement
. * Spine scanned when patient is wearing underwired
* Artifacts not removed from scanned area .
bra or has belly button ring in place
* Incorrect demographic information * Man entered as woman, or incorrect age used
* Failure to review and correct improper . .
. e » Computer includes large osteophyte in area of
default identification of bone edges and )
) . measured spine
. regions of interest
Analysis
* Helpful markers are the iliac crest, usually at the
* Incorrect labeling of vertebral bodies b ) . Y
L4-L5 interspace, and lowest set of ribs, usually at T12
. . . * Reporting T-scores in a healthy premenopausal
* Incorrect application of WHO diagnostic P 8 ] U p . p T
o o . woman and applying the WHO diagnostic criteria
T-score criteria and ISCD Official Positions . .
may result in faulty assessment of fracture risk
* LSC not known, different instruments used, different
. . bone area scanned, different labeling of vertebral
* Invalid BMD comparison . . 1. . .
Int cati bodies, left hip compared with right hip, comparing
nterpretation . .
p T-scores instead of BMD, different scan modes
« Stating that bone has been lost when there is | * Bone loss can only be identified when serial BMD tests
only one BMD test have been done and the LSC is known
* Expressing fracture risk as relative risk will
* Fracture risk incorrectly represented overestimate fracture probability if the comparator
population is at low fracture risk
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Table horizontal midline |

Table vertical midline
and outline

(b)

Fig. 1. The center line and outline of the examination table to maintain a consistent patient posture in bone mineral
densitometry (a). During the lumbar examination, have the patient lie down in the middle in a comfortable state, and pull the
legs slightly downward to avoid straining the spine in a relaxed state. Then, using the position block, bend your legs up to 60°
-90° to maintain the posture by straightening the curved spine (b). In the femoral examination, the leg is rotated within 15°-25°
with the leg relaxed, and the cervical axis of the femur is positioned so that it is parallel to the plane of the scan table (c).

T A7 5 24413 Ao 2 AAE AFISHA TRt 2
AH49]. FUIEAE, DXA 271 Aol 2+ A E o
Stk o213t B AR HE eFEoly EIAIE S A
o 44 FHIz AAE A 9 dlold Aykes B
GA7F e BMD S48 HAT 5 AUs= AARIH50].

sk oz
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4.1. Spine

L1-L4 BMD H7toA &7 &2 F5419 S40

Lofof 5t HE(FE)e] Lot A7) Qs A5 o
(LR 22 T12)E ZAsfoF 51, 232 3)73do] glof
of gttt vheF FFAS 7IE o= Wl Adaelel 60° 71
£ BMD7} A9] 20% 717}0] 2H42cHG3). ol BMD7H
o BMCE #7}5)7] wolch. uehy 3 205
7o) 79 et FUE 20| o2 5 ek, 127 4
0] GejsbHol A8 ATHE W ijAAF 674
f=TFE=HEAo] 9k 128 5= =2 Qo AEE A= A
ot 18 L1 URS, L2+ VA
= YA, L4— HAgol1L Lo et VF ez
¥ CéEHE UERdTHFig. 2). 3 S H7]01A 1294
552 L13 HA 2 S9RE 149} A BR 2pdeo] ofy
2 4% 855 Adskes b =%l 2 & AtHo4].

lliac crest

Fig. 2. In the L1-L4 BMD assessment, the spinous process
should be centered on a straight midline and should include
part of the sacrum (ilium) and part of the spine with the ribs
(usually T12), and there should be no rotation of the spine.
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4.2. Femur
52 Ao BMD B7lojA djRstzel A4 44

=

A7t AR B FEO| ApAlott AFLE = P& 9] Ho
of o}al AXE E|{77} FE6HA e ofof ghtk(Fig. 3).
qkof AFAL HolA] b= A= SEETE STk AW
< H9It} Femoral neck box= GE lunar®} Hologic9]
A0 A o]zt ek GE lunar9] A-9-= HEEFe A
Aol F2F A 7P F2 Fol A5k (Fig. 4-A),
Hologic9] %= HEZE A5 7P detfol x|t
(Fig 4-B)I65]. 9] HHEIZY] A5 9&2 ST 5+ 74
U FRSH] 92 A E old 28X Jgo

2t Aol Ql= A¢7 otu ™ A&E-S S slof gtrtHo

Fig. 3. In the BMD evaluation of the femoral neck, the
anatomical position is such that the lesser trochanter is
slightly visible. The shaft should be straight and contain plenty
of soft tissue.

Fig. 4. The emoral neck box was different in the analysis of GE
lunar and Hologic. In the case of GE lunar, it is located at the
narrowest part midway between the femoral head and the
former (a), and in the case of Hologic, it is located at the most
distal part of the femoral neck (65) (b).

ME

5. ZutEHM

24 2749 24
58, 68-71]. 1&|1L S-& T
o) Bag U= A3k Ao BMD (g/cnfoﬂxi ;@ﬁ olst
AR D T-HS(Add 1X)7HR])7} EghE|ojof 3
tHi8, 51, 71, 73].

5.1. Spine

259] 79 BIAo] Z3te] 1 Edo] EFH 5S
Jexoli sho] AR ASE HFo] Tk Hlofe] u
2 o] EAE|olo GTHIS). S He) T-H47
OE RO g 2 HFY T-HSRT 1 EE WH
o 2 A9 54 HFE Adets A LT 4 Ut
[18, 51, 741. L7} 2 HFuZ WEA] wA|hor 1
A ORI, AFBY AL WAL 35 BAolA

%3 o8 Ao} sk

5.2. Femur

TANE TS AS AA 13, EE AR U AR g
Aof| thgt A3HE Harsfof et [73-77]. AP S=H &
HIEA] A= ERISHL air scan®] U=A|9] o FHE A
+ 2 =3t 851 tHFig. 4). THef ofEel 2 gAfo] 9l
= vk AP AR E gRlstar A x| oA FA} o] F
o] HE=RA] ER13}1 rice bago|t AR EES HAS|A A
74/\]-—— A5t AAA] SLs ZAC R AAE &9

& YES B sFolof st

Fig. 5. After the femur examination, the air scan is confirmed
as shown in the red circle in the result analysis.
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F7ka.

Area(cm?) BMD(g/cm?) _'__

’ BMD(g/cm?) = BMC(g) / Area(cm?)

Fig. 6. This is a picture of the change in bone area according to
rotation. Area and BMD are inversely proportional.

wEb ZEE HAF AEoA = B4 Al ZF RIS

DR EZO| tat AT 5 A4S AEcHA ¥yst

= 740] Arte] At SHolA sttt 53] A9 4

2L ROI (Region of Interest) Copy 7]5= ©]-235}9] o]

A AARRY] EAE g o A=A vl BEAok= Ao|
HE2|51eK(Fig. 7).

AHTable 2)[19].

Table 2. Factors modifying bone mineral density (BMD)*
Increased BMD Decreased BMD

Excessive or inadequate
internal hip rotation
Hip Osteoarthritis
Metal artifact
Focal skeletal sclerosis

Region

Artifact overlying
soft tissue
Lytic lesions

Osteophytes
Focal skeletal pathology

(i.e., sclerosis, metastasis, or Artifacts
Paget’s disease) overlying soft
. Vertebral compression tissues
Spine -
fracture Rotoscoliosis
Vascular calcification Laminectomy

Metal, radiology contrast, Lytic lesions
stones, calcium tablets or

other artifact overlying spine

* Extremes of body weight or significant change (more than
10%) in body weight can have unpredictable effects on BMD
and affect serial measurements.

A A o] 2A A AV} HR] Lo AL ROI Ao @
F7h AR AL B40] o] glonE HtEA] AA ¥y
o 3t A|A AL <k Hrk(Fig. 8).

Fig. 7. This picture shows the difference between automatic
analysis and manual analysis. If the edge of a bone cannot be
recognized, a difference in BMD occurs when the edge is
mapped according to the standards recommended by each

manufacturer (a; auto mapping, L1~L4: BMD=0.857,
T-Score=-2.4, b; manual mapping, L1~L4: BMD=0.788,
T-Score=-2.7).

5.3. 29, H34 A3}, AL T

Aefe

39]0] 7249l oot AFE 5L Aol

Z
Ayl gk ulE 2= 9t} HZ3} Zo] BMD A= 7+

2A7IAY S7HE 4 Q= BMDoR= =32 %l 8119]

Fig. 8. The picture on the left is a picture of the test performed
without removing the urine line in the bone density test, and
the picture on the right is a picture of the result analysis. What
the arrows in the picture teach is that the automatic analysis
is not recognizing the bones (a, b).

231 A9 HEZE AARS] 9= Femur Neck 4]
A ROI Box¥ o] &zt HA = 497t A sk=d] o]
w2t ZUL o] Zpo|7h AYS 4= Q17| wie] F=2jsfof gt
HFig. 9).
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Fig. 9. In the analysis of Femur test results, if Ischium overlaps
in the neck ROI box, a difference in BMD occurs. Therefore,
the overlapping part must be removed by manual mapping (a;
Ischium is overlapped with Femur neck ROl box (neck BMD:
1.111 g/em, Total: 1.166 g/crt, b; Ischium removed from Femur
neck ROI box (neck BMD: 1.136 g/cr?, Total: 1.189 g/cr). The
neck increased by 2.2% and the total increased by 2.0%.

Table 3. DXA best practices

28

ZUE A9 A ol Jixe) ggor dsiel oF
2y 7hsAo] Bk e BRoA U ge a7e
E5] & 3= 9ith AT AALE Q8] 7HY 293 A5ke 5

£ MR 0F 754l distel vlg) ql4at Qe
o] F83510, AATITke] 05 7Fs4o] distd 4] o
A% % e 582 7195 Zo] Basith a7] AsA
£ 47159 Zgo] WirHo| a4 Az ofe]
= (Table 3)% DXA TE2JA}, FALAAL] 7lo]= g 7]
A E Al5sH7] /ARt A2 =[9], o]23 DXA B AlEE
Froto] WAMdARS] AAF B AR O Jigt 71eE 21l
oz I - e 274U ZAsHL tiAs] A
T 71 2ARA Aoz 7 o] B/ 9HA H85hd =
o] € Aoz 7|oHct.

DXA Best Practices

Scan Acquisition and Analysis

1.1. At least one practicing DXA technologist, and preferably all, has a valid certification in bone densitometry
1.2. Each DXA technologist has access to the manufacturer’'s manual of technical standards and applies these standards

for BMD measurement.

1.3. Each DXA facility has detailed standard operating procedures for DXA performance that are updated when

appropriate and available for review by all key personnel.

1.4. The DXA facility must comply with all applicable radiation safety requirements.

1.5. Spine phantom BMD measurement is performed at least once weekly to document stability of DXA performance over
time. BMD values must be maintained within a tolerance of +1.5%, with a defined ongoing monitoring plan that
defines a correction approach when the tolerance has been exceeded.

1.6. Each DXA technologist has performed in vivo precision assessment according to standard methods and the facility

LSC has been calculated.

1.7. The LSC for each DXA technologist should not exceed 5.3% for the lumbar spine, 5.0% for the total proximal femur,

and 6.9% for the femoral neck.

Interpretation and Reporting

2.1. At least 1 practicing DXA interpreter, and preferably all, has a valid certification in bone densitometry.
2.2. The DXA manufacturer and model are noted on the report.
2.3. The DXA report includes a statement regarding scan factors that may adversely affect acquisition/analysis quality and

artifacts/confounders, if present.

2.4. The DXA report identifies the skeletal site, region of interest, and body side for each technically valid BMD

measurement.

2.5. There is a single diagnosis reported for each patient, not a different diagnosis for each skeletal site measured.

2.6. A fracture risk assessment tool is used appropriately.

2.7. When reporting differences in BMD with serial measurements, only those changes that meet or exceed the LSC are

reported as a change.

BMD, bone mineral density; DXA, dual-energy X-ray absorptiometry; LSC, least significant change.
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