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Introduction: Dual-energy X-ray absorptiometry (DXA) can measure bone mineral density (BMD) around
joint arthroplasties. DXA has never been used in total wrist arthroplasties (TWA). We investigated (1)
whether BMD differs between 2 TWAs implanted in the same cadaver forearm, (2) the effect of forearm rota-
tion and wrist extension on measured BMD around TWA in a cadaver, and (3) the precision of DXA in a
cadaver and patients.

Methodology:One ROI around the distal and 1 and 3 ROIs (ROI1-3) around the proximal component were
used. Ten DXA scans were performed on forearm and femur mode convertible to orthopedic knee mode with-
out arthroplasty, with ReMotion, and with Motec TWA in one cadaver forearm. Ten scans with 5˚ increments
from 90˚�70˚ pronation and 0˚�20˚ extension, were performed with Motec. Precision was calculated as coeffi-
cient of variation (CV%) and least significant change (LSC%) from cadaver scans and double examinations
with femur mode converted to orthopedic knee mode in 40 patients (20 ReMotion, 20 Motec).

Results: BMD was higher in all Motec than corresponding ReMotion ROIs (p < 0.05). BMD changed with
10˚ supination in the distal ROI and ROI1, and with 5˚ extension in the distal ROI (p < 0.05). In the cadaver
the orthopedic knee mode was more precise than the forearm mode in 3 Motec ROIs (p < 0.05). In patients
CV was 2.21%�3.08% in the distal ROI, 1.66%�2.01% in the proximal ROI, and 1.98%�2.87% with 3 ROIs.

Conclusions:DXA is feasible for BMD measurement around the proximal component using the orthopedic
knee mode, but not the distal component of TWA.
Key Words:Arthroplasty; wrist; DXA; periprosthe
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Introduction

Total wrist arthroplasties (TWA) have been on the
market since the 1970s (1,2). They have not shared the
success of total hip arthroplasties and knee arthroplasties
with regards to function and survival. Whereas failure
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and revision rates of earlier TWA were high (1), newer
designs reveal more promising mid-term results (3,4).

Following implantation of an arthroplasty the novel
load transfer leads to periprosthetic bone remodeling
(5,6). Dual-energy X-ray absorptiometry (DXA) can
measure bone mineral density (BMD= bone mineral con-
tent divided by bone area) around joint arthroplasties (6).
BMD becomes higher in areas of implant fixation than
areas of stress shielding (5,6) and higher around fixed
than loose implants (7,8). In addition, wear leading to
osteolysis reduces bone mass (9).
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By dividing the periprosthetic bone into “regions of
interest” (ROIs), the BMD can be measured in separate
areas around an implant (5,10). Increasing number of ROIs
decreases the size of each ROI, leading to lower precision
due to a larger impact on BMD from any measurement
error (11). As many ROIs as possible with precision high
enough to detect clinically relevant BMD changes are
desired. Linking a specific BMD loss to implant loosening
has been difficult. Thus, the clinically important difference
with regards to loosening is unknown.

The DXA software uses an edge detection algorithm to
match the tissue density information acquired from the
scan with preset density values, thereby separating bone
from soft tissue and metal. Software precisely measuring
periprosthetic BMD around hip (12�14) and knee arthro-
plasties (15) is commercially available, but not for other
joints. The knee resembles the wrist more than the hip
due to similar bone density and comparable soft tissue
thickness. The forearm acquisition mode is not designed
for BMD measurement around TWA. DXA has to our
knowledge never been used in TWA.

The aim of this study was to evaluate whether BMD dif-
fers between 2 arthroplasties implanted in the same cadaver
wrist, and the effect of forearm rotation and wrist extension
on measured BMD. Furthermore, the precision of BMD
analysis around TWA in a cadaver using 2 different acquisi-
tion modes, and the precision in patients was investigated.
Fig. 1. ReMotion (left) and Motec (right) TWA.
Materials and Methods

Implants

The ReMotion TWA (Stryker, Inc., Kalamazoo, Mich-
igan, USA) consists of titanium plasmasprayed cobalt
chrome (CoCr) stems for uncemented press fit fixation in
the radius and capitate, 2 additional CoCr screws for fixa-
tion in the carpus, and an ovoid CoCr on polyethylene
articulation. The Motec TWA (Swemac Orthopaedics
AB, Link€oping, Sweden) comprises calcium phosphate
coated (Bonit, DOT Medical, Rostock, Germany) grit-
blasted titanium alloy stems for uncemented screw fixa-
tion in the radius and the capitate/third metacarpal, and a
CoCr-on-CoCr ball and socket articulation (Fig. 1).
Fig. 2. The forearm rested on two 1.5 cm thick soft tis-
sue density equivalent Plexiglas plates, the palm facing
down and the fingers semiflexed to mimic the natural pos-
ture of the hand.
Cadaver Study

We studied a fresh frozen forearm amputated just dis-
tal to the elbow with the entire soft tissue mantle intact,
stored at �78˚C. The cadaver was thawed at room tem-
perature prior to implant insertion and DXA scans
wherein movement of the wrist was required. All other
scans were performed with frozen cadaver. The forearm
was covered with a thin layer of plastic during the testing.
Since thawing can alter the measured BMD (16), the fro-
zen cadaver was scanned 10 times without moving within
1 hour after withdrawal from the freezer, first with fore-
arm mode, then femur mode convertible to orthopedic
knee mode (Fig. 2).
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After 8 hours thawing, the lunate, proximal two-third
of the scaphoid and triquetrum were removed. Medium
30 mm long radial and 19 mm carpal ReMotion stems
were inserted using standard operation technique and
equipment (17). The specimen was frozen, and 10 scans
were performed with forearm and femur mode without
moving (Fig. 2).

Following eight hours thawing, the ReMotion implants
were exchanged with Motec 38 mm long radial and
50 mm long small metacarpal components, using standard
operation technique and equipment (18). Since the
ReMotion components are shorter with smaller diameters
than Motec, sufficient bone stock had been preserved for
implantation of Motec, verified with fluoroscopy. The
specimen was frozen and 10 forearm and femur mode
scans were performed without moving (Fig. 2). For each
culoskeletal Health Volume 00, 2020



Fig. 3. Set-up for rotation measurements. The forearm
was frozen to maintain the wrist in slight extension and
fingers semiflexed during rotation, mimicking the posture
of the patients�forearm.

Fig. 5. DXA examination of patient sitting with the
forearm pronated on the table. The hand was in a relaxed
position with the fingers semiflexed. This was the most
suitable position since many patients experienced discom-
fort on stretching out the fingers postoperatively.

ARTICLE IN PRESS
Assessing BMD around wrist arthroplasty 3
arthroplasty and scan mode nine double examinations
were made by comparing the first and second scan, sec-
ond, and third scan, and so on. To test the effect of thaw-
ing on BMD 5 scans with Motec were performed instantly
after introducing the cadaver to room temperature,
repeated after 1, 2, and 3 hours without moving (Fig. 2).

To assess the effect of forearm rotation on BMD, a
screw inserted along the proximal diaphyseal radius axis
during the first operation, was attached to the rotation
stage of a micrometer with 0.1˚ increment (Thorslabs, Inc,
Newton, NJ, USA), enabling rotation of the entire frozen
forearm about the long axis of the radius (Fig. 3). From
the completely pronated posture with the forearm lying
flat on the table, 20˚ of supination (corresponding to a
position with 70˚ pronation) was accomplished at incre-
ments of 5˚. Ten femur mode scans were performed at
each position with Motec. Pronation exceeding 90˚ cannot
be expected and was not measured.

To allow unrestricted wrist movement the cadaver was
thawed at room temperature for 12 hours (Fig. 4). A pro-
tractor with 1˚ increments placed on the dorsal side of the
wrist was used to measure the angle between the forearm
and hand. Ten femur mode scans were performed at 0˚
and every 5˚ increment of extension up to 20˚ with the
Motec implant. Wrist flexion cannot be expected during
scanning of patients and was not measured.

Patient Double Examinations

Forty patients participating in a prospective, random-
ized clinical trial comparing the 2 arthroplasties (Clinical-
Trials.gov NCT01842724), 20 in each group, gave written
informed consent and underwent double DXA examina-
tions on femur mode convertible to orthopedic knee
Fig. 4. Set-up for extension measurements. The fore-
arm was secured to two plexiglas plates with duct tape a
few cm proximal to the wrist, allowing free extension of
the hand. Layers of paper underneath the fingers secured
the hand in each position.
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mode 3 months postoperatively by standing up and repo-
sitioning the arm between the examinations. The study
was approved by the regional ethics committee (ref. nr:
2013/149). The mean age and male:female ratio for
patients with Motec and ReMotion TWA were 57 (SD 8,
range 40�70) and 57 (SD 8, range 31�70) years and 14:6
and 18:2, respectively. The set-up was equivalent to the
cadaver study with identical tissue plates, striving for
indistinguishable arm/hand positioning (Fig. 5).
DXA Scans

A narrow fan beam (GE Healthcare Lunar Prodigy
advance, Lunar Corp. Madison WI, USA) densitometer
was used. Scans were performed with the femur and fore-
arm modes of the enCORE software version 14.10 from
GE Healthcare. Femur scan mode option “thin” was
used, meaning that the tissue thickness was never
expected to exceed 13 cm. The 20 cm long and 17 cm
wide scan window started at the proximal phalanges, ter-
minating 4�6 cm proximal to the radial implant. Average
scanning time was 49 seconds and the radiation dose 9.0
mGy. The forearm mode scan window was 14 cm long and
culoskeletal Health Volume 00, 2020
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Fig. 6. (A�D). Regions of interest (ROI). One ROI
around the distal implants. Two lines run parallel with the
long axis of the third metacarpal, crossing the intersec-
tions between the second and third, and the third and
fourth metacarpals, respectively. The ROI is limited by
the proximal end of the capitate, and distally by a distance
from the implant tip equaling one-fourth of the stem
length (A, B). Only the capitate is included for ReMotion
(A) whereas for Motec the entire length of the capitate
and a large proportion of the third metacarpal is con-
tained (B). One ROI along the proximal implant. Two
lines run parallel with the long axis of the radius. The
ulnar line passes through the distal radioulnar joint
(DRUJ). Distally the ROI is limited by the end of the
radial styloid, and proximally by a distance from the
implant tip equaling one-fourth of the stem length (A-B).
Three ROIs around the proximal implant. The distance
from the tip to the most distal point of the stem defines 2
ROIs with equal height, ROI 1 and 2. ROI 3 extends 1 cm
proximal to the implant tip (C, D).
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10 cm wide, starting at the metacarpophalangeal joints
and terminating 1.5�2.5 cm proximal to the radial
implant. Average scanning time was 21 seconds and the
radiation dose 2.0 mGy. Scanning resolution was
0.60£ 1.05 mm for both modes. Right position for ROI
delineation was used. BMD was presented in grams of
mineral per square centimeter (g/cm2).

Analysis

Since the DXA scanner lacked the orthopedic soft-
ware, all femur mode scans were converted to orthopedic
knee mode on a separate computer using the orthopedic
enCORE v16 software platform (GE Healthcare). The
dynamic edge detection algorithm of the software auto-
matically separated bone from soft tissue, air and artefact,
and outlined a neutral area along the border between
bone and soft tissue. The implant was detected as artefact
and automatically removed from the BMD analysis. Inac-
curate edge detection of varying degrees was noted on
most scans, demanding manual correction. The time
required for manual correction of the cadaver scans with
implants was noted. The later removed lunate, trique-
trum, and two-third of scaphoid were point-typed as neu-
tral and eliminated from the cadaver scans obtained prior
to implant insertion to include identical bones in all scans.

Regions of Interest

We defined 1 ROI around the distal components. Along
the proximal components we defined 2 different models
with 1 and 3 ROIs. All ROIs were rectangular (Fig. 6).

ROI templates were created for the cadaver scans, and
copied to all other scans with the same implant, using the
bony edges outlined in the enCORE software as refer-
ence. ROIs were copied from one scan with Motec
implant and one scan with ReMotion implant to all scans
without implant. To make the position of the ROIs as
similar as possible on scans with and without implants,
the third carpometacarpal joint was used as landmark for
placing the distal ReMotion ROI, the proximal end of the
capitate and the third metacarpophalangeal joint when
present as landmark for the distal Motec ROI, and the
radial styloid as landmark for all other ROIs. In each
patient ROIs from the postoperative scan were copied to
all later scans. Since the length of the 2 implants differed,
the height and position of corresponding ROIs also dif-
fered. The difference in length and distance between the
center of corresponding ROIs in the proximal to distal
direction were calculated on cadaver scans.

Statistics

IBM SPSS Statistics version 26 (IBM Co., Armonk,
NY, USA) was used for statistical analysis.

Normality was assumed if histograms were bell shaped.
BMD, area, time and differences investigated with t-test
were presented as bootstrapped means and 95% confi-
dence intervals (CI) based on 1000 replications.
Journal of Clinical Densitometry: Assessment & Management of Musculoskeletal Health Volume 00, 2020



Table 1
BMDDifference (D BMD) Between Motec and ReMotion ROIs in the Frozen Cadaver Before and After Inserting the

Implants (n = 10; Mean, 95% CI). Scans with ReMotion Subtracted From Scans With Motec

ROI D ROI
height (cm)

D ROI
center (cm)

Forearm mode Ortho knee mode

D BMD without
implant (g/cm2)

D BMD with
implant (g/cm2)

D BMD without
implant (g/cm2)

D BMD with
implant (g/cm2)

Distal 3.90 1.95 0.004 (�0.002, 0.010) 0.102 (0.089, 0.114)* 0.034 (0.031, 0.037)* 0.093 (0.075, 0.113)*
Proximal 1.90 0.85 0.034 (0.031, 0.036)* 0.021 (0.008, 0.033)* 0.027 (0.026, 0.028)* 0.021 (0.017, 0.026)*
1 0.40 0.20 �0.013 (�0.021, �0.004)* 0.045 (0.034, 0.058)* �0.034 (�0.036, �0.032)* 0.058 (0.052, 0.066)*
2 0.40 0.60 0.106 (0.099, 0.112)* 0.037 (0.020, 0.051)* 0.087 (0.082, 0.092)* 0.014 (0.006, 0.022)*
3 0 0.80 0.048 (0.033, 0.065)* 0.074 (0.050, 0.098)* 0.041 (0.035, 0.046)* 0.091 (0.086, 0.096)*

*p < 0.05.
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Precision (repeatability) is usually presented as
“coefficient of variation” (CV%) and “least significant
change” (LSC%) in DXA studies. CV% was calculated
using the following formula (19), which is in accordance
with the guidelines of The International Society of Densi-
tometry (20):

CV% ¼ 100 �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
S a�bð Þ2=2n

q

m

0
@

1
A

where a and b represent the BMD of the first and second
measurement, n is the number of double examinations,
and m the mean of all BMD measurements.

LSC% is the lowest measured BMD change in percent
that cannot be explained by measurement error alone,
and thus represents true BMD change in 95% of cases.
LSC% was calculated as follows:

LSC% ¼ CV% �
ffiffiffi
2

p
� 1:96

Levene‘s test for equality of variances was used to
compare precision between scan modes and implants.
Table
BMD Change (D BMD)With Supination From the Compl

(n = 10; Mean, 95% CI). Data at Pronation Subtracte

ROI Neutral 5˚
BMD(g/cm2) D BMD(g/cm2) D BM

Distal 0.566
(0.560, 0.571)

0.003
(�0.014, 0.011)

�0.01
(�0.02

Proximal 0.612
(0.611, 0.613)

0.002
(�0.002, 0.006)

�0.00
(�0.00

1 0.548
(0.545, 0.553)

�0.005
(�0.012, 0.003)

�0.02
(�0.04

2 0.658
(0.650, 0.664)

0.009
(�0.001, 0.016)

�0.00
(�0.01

3 0.758
(0.755, 0.760)

�0.001
(�0.003, 0.002)

0.00
(�0.00

*p < 0.05.

Journal of Clinical Densitometry: Assessment & Management of Mus
pValues < 0.05 were considered statistically signifi-
cant.

Results

Table 1 shows the difference in height and longitudinal
location of corresponding Motec and ReMotion ROIs.
All Motec ROIs extended further from the joint than the
corresponding ReMotion ROIs. BMD was higher in all
Motec ROIs than the corresponding ReMotion ones with
both modes on scans with implants (p < 0.05). On scans
prior to implant insertion 3 of 5 Motec ROIs exhibited
higher BMD than the corresponding ReMotion ROIs
with forearm mode, and in 4 ROIs with orthopedic knee
mode (p < 0.05; Table 1).

BMD changed with 10˚ of cadaver forearm supination
in the distal ROI and ROI 1, and with 15˚ supination in
the proximal ROI and ROI 2 (p < 0.05; Table 2). In the
distal ROI, BMD increased with the first 5˚ of extension
(p < 0.05). No other ROIs were affected by wrist exten-
sion up to 20˚ (Table 3). BMD decreased in the distal
ROI from zero to 2 hours and 3 hours of thawing in all
other ROIs (p < 0.05; Table 4).
2
ete Pronated Position for Motec in the Frozen Cadaver
d From Data With Various Degrees of Supination

10˚ 15˚ 20˚
D(g/cm2) D BMD(g/cm2) D BMD(g/cm2)

3
3, �0.003)*

�0.033
(�0.046, �0.021)*

�0.004
(�0.014, 0.007)

2
6, 0.002)

�0.035
(�0.040, �0.030)*

�0.042
(�0.054, �0.030)*

3
5, �0.008)*

�0.043
(�0.047, �0.039)*

�0.064
(�0.074, �0.053)*

5
2, 0.002)

�0.034
(�0.046, �0.023)*

�0.042
(�0.054, �0.025)*

4
1, 0.009)

�0.007
(�0.016, 0.001)

0.002
(�0.004, 0.009)
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Table 3
BMD Change (D BMD) With Wrist Extension for Motec in the Thawed Cadaver (n = 10; Mean, 95%CI). Data at the

Neutral Position Subtracted From Data With Wrist Extension

ROI Neutral 5˚ 10˚ 15˚ 20˚
BMD (g/cm2) D BMD (g/cm2) D BMD (g/cm2) D BMD (g/cm2) D BMD (g/cm2)

Distal 0.498
(0.490, 0.507)

0.014
(0.003, 0.024)*

0.026
(0.008, 0.040)*

0.048
(0.035, 0.062)*

0.056
(0.040, 0.074)*

Proximal 0.572
(0.565, 0.580)

0.005
(�0.005, 0.014)

0.006
(�0.006, 0.01)

0.008
(�0.001, 0.01)

0.007
(�0.002, 0.015)

1 0.513
(0.503, 0.523)

�0.002
(�0.013, 0.009)

�0.005
(�0.019, 0.009)

0.004
(�0.006, 0.014)

0.006
(�0.005, 0.018)

2 0.620
(0.613, 0.628)

�0.002
(�0.014, 0.008)

0.000
(�0.014, 0.013)

0.009
(�0.004, 0.023)

�0.004
(�0.023, 0.011)

3 0.715
(0.702, 0.728)

0.003
(�0.011, 0.016)

0.005
(�0.017, 0.027)

0.009
(�0.006, 0.024)

0.009
(�0.007, 0.024)

*p < 0.05.
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The mean time required for correcting the cadaver
scans was shorter with orthopedic knee mode (5.3 [95%
CI: 4.8, 5.9] minutes) than with forearm mode (11.0
[95%CI: 10.7, 11.4] minutes; p < 0.05).

Table 5 demonstrates the precision of the cadaver
study comparing the 2 modes. The proximal ROI, and
ROI 2 and 3 around the Motec revealed a significantly
better precision with the orthopedic knee mode than with
the forearm mode (p < 0.05).

In the clinical study the CV with the orthopedic knee
mode ranged from 2.21% to 3.08% for the distal ROI,
1.66%�2.01% for the proximal ROI, and 1.98%�2.87%
with 3 ROIs (Table 6). Neither precision nor BMD
differed significantly between the 2 implants in any ROI
(p > 0.05).
Table
BMD Change (D BMD) for Motec Following Thawing of the

From Data at L

ROI 0h 1h
BMD (g/cm2) D BMD (g/cm2)

Distal 0.567
(0.559, 0.575)

�0.002
(�0.005, 0.002)

Proximal 0.611
(0.608, 0.614)

�0.004
(�0.012, 0.000)

1 0.549
(0.543, 0.555)

�0.007
(�0.017, 0.003)

2 0.661
(0.655, 0.667)

0.005
(�0.001, 0.014)

3 0.756
(0.747, 0.762)

�0.006
(�0.015, 0.002)

*p < 0.05.
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Discussion

The higher BMD in Motec than corresponding ReMo-
tion ROIs in the cadaver can be explained by the different
implant lengths. The Motec ROIs reach more proximally
in the radius where BMD is higher (21) than the shorter
ReMotion ROIs. The same applies to hip stems with
uneven length where BMD doubles or more from proxi-
mal to distal (12,22). Consequently, in comparative DXA
studies BMD change and not absolute BMD values
should be reported. The BMD change should be reported
as absolute change and not percentage change, since
implants with high BMD require higher absolute BMD
change to reach the same percentage change as implants
with lower BMD.
4
Cadaver (n = 5; Mean, 95%CI). Data at 0 Hour Subtracted
ater Hours

2h 3h
D BMD (g/cm2) D BMD (g/cm2)

�0.020
(�0.030, �0.010)*

�0.064
(�0.069, �0.058)*

0.001
(�0.005, 0.004)

�0.032
(�0.039, �0.025)*

�0.003
(�0.008, 0.003)

�0.035
(�0.055, �0.025)*

0.004
(�0.02, 0.010)

�0.045
(�0.061, �0.026)*

0.000
(�0.009, 0.009)

�0.018
(�0.026, �0.010)*
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Table 5
Precision for Motec and ReMotion in the Cadaver Study Comparing the Forearm and Orthopedic Knee Modes (n = 9

Double Examinations)

ROI Implant Forearm mode Ortho knee mode

Area (cm2) CV% LSC% Area (cm2) CV% LSC%

Distal Motec 2.81
(2.72, 2.90)

3.01 8.33 2.99
(2.74, 3.30)

1.76a 4.89a

ReMotion 1.39
(1.30, 1.49)

3.41 9.45 1.45
(1.41, 1.48)

2.84 7.87

Proximal Motec 5.95
(5.82, 6.08)

2.79b 7.73b 6.32
(6.19, 6.44)

0.73b 2.03b

ReMotion 4.59
(4.42, 4.76)

2.24 6.20 4.78
(4.27, 5.04)

1.78a 4.94a

1 Motec 2.21
(2.13, 2.27)

1.77 4.90 2.18
(2.10, 2.25)

1.23a 3.40a

ReMotion 1.75
(1.69, 1.82)

3.81 10.55 1.67
(1.65, 1.70)

1.53 4.24

2 Motec 1.50
(1.42, 1.56)

2.90b 8.03b 1.65
(1.61, 1.69)

1.35b 3.74b

ReMotion 1.50
(1.41, 1.58)

2.29 6.35 1.72
(1.69, 1.75)

3.07a 8.50a

3 Motec 1.42
(1.36, 1.46)

5.67b 15.71b 1.58
(1.55, 1.60)

0.96b 2.66b

ReMotion 1.67
(1.64, 1.69)

1.59a 4.40a 1.77
(1.75, 1.79)

1.48 4.09

aHistogram implying not normally distributed.
bStatistical difference in precision between forearm and orthopedic knee mode (Levene’s test for equality of variances, p < 0.05).
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The time required for correcting the orthopedic knee
mode scans was less than half compared to the forearm
mode scans, reflecting the more accurate edge detection
with the orthopedic knee mode. The accuracy of edge
detection affects the precision. In the proximal ROI, and
ROI 2 and 3 around the Motec the precision was signifi-
cantly better with the orthopedic knee mode than the
forearm mode. We therefore recommend the orthopedic
knee mode for BMD analysis of TWA.

BMD has been shown to decrease in 24 hours thawed
cadaver femora (16). In our study 1 hour thawing, which
was the maximum time of any scanning session, did not
affect BMD.

The measured BMD changed with 10˚ forearm rota-
tion. The same has been shown with 5˚ rotation of a proxi-
mal tibial implant (15). In our study only ROI 3 which is
situated proximal to the implant tip was unaffected by 20˚
rotation. In that area the radius is nearly cylindrical, and
the projection does not change much with rotation as
opposed to the oval metaphysis. Therefore, during rota-
tion BMD remains almost unchanged in ROI 3. Whether
the same is true for the ReMotion is uncertain, since the
center of ROI 3 was placed 0.8 cm more distally in the
radius than the Motec. The true axis of forearm rotation
runs from the radius head to the distal ulna and not along
Journal of Clinical Densitometry: Assessment & Management of Mus
the longitudinal axis of the radius as in our model (23).
Thus, during forearm supination the radius not only
rotates, but to some extent also moves in extension and
ulnar translation. We therefore expect that forearm rota-
tion affects BMD to a larger extent than our cadaver
study reveals.

Whereas the proximal component ROIs were unaf-
fected by 20˚ wrist extension, the BMD in the distal ROI
changed with only 5˚ extension, similar to a tibial implant
in which BMD changed with 5˚ knee flexion (24). As the
wrist extends and the angle between the x-ray beam and
the longitudinal axis of the hand decreases, the projected
bone area also decreases, whereas the bone mineral con-
tent remains the same, resulting in increased BMD. In
our study the forearm was lying flat on the scan table
whereas the fingers were somewhat flexed. Changing the
degree of finger flexion changes the angle of the wrist as
long as the forearm remains flat on the scan table. Since
5˚ wrist extension results from a quite small movement of
the fingers, combined with the fact that we did not have
any means to control the finger position on subsequent
scans, we conclude that the longitudinal precision with
our study set-up is probably too poor to allow BMD mea-
surement of the distal ROI. We made the first DXA scan
2�3 days postoperatively, at a time many patients
culoskeletal Health Volume 00, 2020



Table 6
BMD (Mean, 95% CI) and Precision in the Clinical Study Comparing Motec and ReMotion (n = 20 Double

Examinations)

ROI Implant Area (cm2) BMD (g/cm2) CV% LSC%

Distal Motec 3.05
(2.70, 3.38)

0.423
(0.392, 0.453)

2.21 6.11

ReMotion 0.98
(0.90, 1.06)

0.448
(0.389, 0.504)

3.08 8.52

Proximal Motec 8.08
(7.48, 8.65)

0.506
(0.471, 0.541)

1.66 4.59

ReMotion 5.48
(5.00, 5.96)

0.478
(0.436, 0.518)

2.01 5.56

1 Motec 3.20
(2.93, 3.44)

0.426
(0.390, 0.463)

2.54 7.05

ReMotion 2.03
(1.86, 2.17)

0.378
(0.328, 0.428)

2.70 7.49

2 Motec 2.18
(2.00, 2.36)

0.558
(0.515, 0.596)

2.12 5.88

ReMotion 1.97
(1.79, 2.15)

0.514
(0.473, 0.552)

2.87 7.96

3 Motec 1.77
(1.67, 1.86)

0.685
(0.635, 0.731)

2.06 5.49

ReMotion 1.82
(1.71, 1.92)

0.622
(0.575, 0.665)

1.98 5.43
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experienced discomfort on stretching the fingers. By post-
poning the first scan 1 or 2 weeks it should be possible to
scan all patients with the palm and fingers flat on the
table, controlling for both wrist extension and forearm
rotation, thereby improving the precision.

Precision was calculated from double examinations.
Whereas the patients were repositioned to mimic the lon-
gitudinal precision, the cadaver forearm was not. The pre-
cision of BMD analysis in the forearm is affected by the
consistency of tissue labeling (25) and ROI placement on
successive scans (21). In addition, the consistency of joint
alignment in rotation and flexion-extension affects the
precision of BMD measurement around total hip arthro-
plasties (12,26) and knee arthroplasties (15,24,27). The
precision in the cadaver was therefore probably false
high. The clinical precision with our 3 ROI model was
equal to or higher than a 2 and 3 ROI model used in a
total ankle arthroplasty with CVs ranging from 1.48% to
4.89% (28). The highest precision in the ankle was found
in a calcaneal ROI which was larger than the other ROIs,
and did not include the prosthesis, thereby omitting any
inaccuracy of point typing the implant to bone interface.
Our 3 ROI precision was equal to a proximal tibial 3 ROI
model when correcting for the different ways of calculat-
ing precision (15,24). As in our study the highest precision
was found in the ROI situated underneath the stem, prob-
ably due to the smaller area of implant bone interface
than the other ROIs (15,24). Precision in the wrist was
also similar to a 6 ROI model of a distal femoral implant
Journal of Clinical Densitometry: Assessment & Management of Mus
(27), a 1 and 2 ROI hip resurfacing model, and higher
than a 6 ROI hip resurfacing model (29). Our 3 ROI pre-
cision was equal to or higher than a 3 and 4 ROI acetabu-
lar model (13,14), but not as high as the 7 ROI model of
the hip (13).

The higher precision in the hip as compared to the
wrist may be due to better control of alignment of the
extremity by using a foot brace during scanning, com-
bined with larger sized ROIs. The specific orthopedic hip
software probably contributes to more accurate tissue
detection in the hip.

In conclusion, DXA is feasible for BMD measurement
around a proximal wrist implant using the orthopedic
knee mode and a 3 ROI model. With the available soft-
ware and our study set-up DXA is unsuitable for distal
implant measurement. Since DXA is sensitive to forearm
rotation and wrist extension, the position of the forearm
during scanning should be standardized. BMD differs
between implants of unequal length. Therefore, BMD
change and not absolute BMD should be reported in com-
parative DXA studies.
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