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Abstract
Purpose To evaluate the feasibility and intra- and interobserver agreement of CBCT arthrography of wrist ligaments,
triangular fibrocartilaginous complex (TFCC), and to assess
the sensitivity (SE), specificity (SP), accuracy (ACC), and
positive and negative predictive value (PPV, NPV) of CBCT
arthrography in the diagnosis of scapholunate (SLL) and
lunotriquetral (LTL) ligament tears, TFCC, and cartilage
abnormalities of the scaphoid and lunate with their
corresponding radial surfaces (scaphoid and lunate fossa)
using a novel, mobile, dedicated extremity CBCT scanner.
Materials and methods Fifty-two consecutively enrolled
subjects (26 M, 26 F, mean age 38 years, range 18–66 years)
with suspected wrist ligament tears underwent CBCTarthrography before normally scheduled MR arthrography.An extremity CBCT was used for imaging with isotropic voxel size of 0.4 × 0.4 × 0.4 mm3. Subsequent routine
1.5 T MRI was performed using a dedicated wrist coil.Two
observers reviewed the anonymized CBCT images twice for

contrast enhancement (CE) and technical details (TD), for
tears of the SLL, LTL, and TFCC. Also, cartilage abnormalities of the scaphoid and lunate with their corresponding
radial surfaces (scaphoid and lunate fossa) were evaluated.
Inter- and intraobserver agreement was determined using
weighted kappa statistics. Since no surgery was performed,
MRI served as a reference standard, and SE and SP, ACC,
PPV, and NPV were calculated.
Results Intra- and interobserver kappa values for both readers (reader 1/reader 2; first reading/second reading) with
95 % confidence limits were: CE 0.54 (0.08–1.00)/ 0.75
(0.46–1.00); 0.73 (0.29–1.00)/ 0.45 (0.07–0.83), TD 0.53
(0.30–0.88)/ 0.86 (0.60–1.00); 0.56 (0.22–0.91)/ 0.67
(0.37–0.98), SLL 0.59 (0.25–0.93)/ 0.66 (0.42–0.91); 0.31
(0.06–0.56)/ 0.49 (0.26–0.73), LTL 0.83 (0.66–1.00)/ 0.68
(0.46–0.91); 0.90 (0.79–1.00)/ 0.48 (0.22–0.74); TFCC
(0.72–1.00)/ (0.79–1.00); 0.65 (0.43–0.87)/ 0.59 (0.35–
0.83), radius (scaphoid fossa) 0.45 (0.12–0.77)/ 0.64
(0.31–0.96); 0.58 (0.19–0.96)/ 0.38 (0.09–0.66), scaphoid
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0.43 (0.12–0.74)/ 0.76 (0.55–0.96); 0.37 (0.00–0.75)/ 0.32
(0.04–0.59), radius (lunate fossa) 0.68 (0.36–1.00)/ 0.42
(0.00–0.86); 0.62 (0.29–0.96)/ 0.51 (0.12–0.91), and lunate
0.53 (0.16–0.90)/ 0.68 (0.44–0.91); 0.59 (0.29–0.88)/ 0.42
(0.00–0.84), respectively.
The overall mean accuracy was 82–92 % and specificity
was 81–94 %. Sensitivity for LTL and TFCC tears was 76–
83, but for SLL tears it was 58 %. For cartilage abnormalities, the accuracy and negative predictive value were high,
90–98 %.
Conclusions A dedicated CBCT extremity scanner is a
new method for evaluating the wrist ligaments and
radiocarpal cartilage. The method has an overall accuracy of 82–86 % and specificity 81–91 %. For cartilage
abnormalities, the accuracy and negative predictive value were high.

Fig. 1 CBCT image (88 kVp, 8 mA) of six phantoms of 2-ml volume
with varying proportions of 240 mg I/ml iohexol and 2.5 mmol/l tetraazacyclododecanetetraacetic acid (DOTA)-gadolinium in the following respective proportions: 1 phantom 1,100 %/0 %; phantom 2, 75 %/
25 %; phantom 3, 50 %/50 %; phantom 4, 25 %/75 %; phantom 5, 0 %/
100 %, and phantom 6100 % isotonic NaCl. Using the mixture of 50/
50 (3), there was no decrease in attenuation values as there was with
the concentration of 25/75 (4)

Keywords Wrist . Arthrogram . Cone beam CT . Trauma .
Musculoskeletal

Introduction
Magnetic resonance arthrography is an established technique for detecting ligament and cartilage injuries of the
wrist [1–3]. However, the technique is rather expensive
and time-consuming, and MRI in general has several
contraindications. Also, spatial resolution of MRI can
be a limiting factor, especially in areas of convex or
concave joint facets with thin cartilage [4, 5]. Therefore,
alternative techniques such as CT arthrography (CTA)
have received more attention [6]. CTA is a much faster
technique and has excellent spatial resolution [7]. Moreover, the ability for multiplanar reformats makes it even
more versatile. In addition to conventional CT scanners,
cone-beam CT (CBCT) has been used for dental imaging
since the late 1990s [8, 9]. The clinical indications include dentoalveolar imaging, such as assessing dentoalveolar trauma and preoperative assessment of impacted
teeth, and preoperative planning for maxillofacial surgery
[10]. This method has recently been implemented in
orthopedic imaging to study finger and wrist fractures
and scaphoid fracture after screw fixation [11, 12]. More
recently, dedicated extremity CBCT scanners have been
introduced [13, 14]. This application offers an attractive
alternative, with high spatial resolution, easy installation,
and low radiation dose [4, 11–15] compared to conventional CT scanners. Also, the ability to image the lower
extremity during weight bearing, i.e., while the patient
stands, opens new possibilities to study degenerative
joint disease of the knee, ankle, and foot (Tuominen et
al., Weight bearing CT-imaging of the lower extremity,
unpublished).

In this study, we wanted to expand the dedicated
extremity CBCT scanner’s capabilities even further,
i.e., with CT arthrography. Therefore, the purpose of
this study was to evaluate the feasibility and intra- and
interobserver agreement of CT arthrography of scapholunate and lunotriquetral ligaments, triangular fibrocartilaginous complex, and cartilage abnormalities using a
novel, dedicated extremity CBCT. To our knowledge,
this is the first report of wrist arthrography using a
dedicated extremity CBCT scanner.

Materials and methods
Fifty-three consecutively enrolled subjects were offered
a CBCT arthrogram immediately prior to their routinely

Fig. 2 The hand and wrist can be placed freely in any desired position
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scheduled MRI arthrogram. The time period was
7 months, from November 2010 to May 2011. One
patient refused to participate in the study and hence
the final study group was comprised of 52 subjects
(26 M, 26 F, mean age 38 years, range 18–66 years).
Approval was obtained from the hospital’s ethics committee, and written informed consent was obtained from
each subject.
The indication for MR arthrography was suspected
scapholunate (SL) ligament tear in 17 subjects, lunotriquetral (LT) ligament tear (n01), SL and LT ligament
tear (n 08), SL and triangular fibrocartilage complex
(TFCC) tear (n02), LT and TFCC tear (n02), TFCC
tear (n019). In addition, radiocarpal joint cartilage assessment was requested in six cases, and evaluation of
distal radioulnar joint (DRUJ) in two cases. Five
patients were operated on within the last 12 months
(Brunelli’s tenodesis for scapholunate instability, STTarthrodesis + TFCC fixation, fixation of distal radius
fracture with volar plate (n02), resection of pisiform
bone), and one patient had undergone a diagnostic wrist
arthroscopy 12 months earlier. Moreover, one patient
had avascular necrosis with fragmentation of the lunate.
Since the patients underwent subsequent MRI
arthrography of the wrist, we first studied the amount
of CT and MR contrast used in the mixture to obtain
optimal contrast. We prepared six phantoms of 2-ml
volume with varying proportions of 240 mg I/ml
iohexol (Omnipaque, GE Healthcare, Oslo, Norway)

Table 1 Intra- and interobserver
kappa values for readers 1 (R1)
and 2 (R2) for contrast enhancement (CE), technical details
(TD), for tears of scapholunate
(SLL) and lunotriquetral (LTL)
ligament, and triangular fibrocartilaginous complex (TFCC)
and for cartilage for scaphoid
and lunate with corresponding
radial surface. R1.1 and R2.1
denote the first and second
reader’s first reading, and R1.2
and R2.2 the second readings,
respectively. The 95 % confidence intervals are shown in
parentheses

CE
TD
SLL
LTL
TFCC
RADIUS (scaphoid fossa)
SCAPHOID
RADIUS (lunate fossa)
LUNATE

and 2.5 mmol/l tetraazacyclododecanetetraacetic acid
(DOTA)-gadolinium (Artirem, Guerbet, France). Phantoms 1–5 were composed of 240 mg I/ml iohexol and
2.5 mmol/l DOTA-gadolinium in the following respective proportions: phantom 1,100 %/0 %; phantom 2,
75 %/25 %; phantom 3, 50 %/50 %; phantom 4,
25 %/75 %; phantom 5, 0 %/100 %, and phantom 6
100 % isotonic NaCl. The mixture of 1:1 was selected,
because it provided adequate contrast for both in vitro
and in vivo CBCT (Fig. 1) and MR arthrography
images.
A mean of 2.2 ml (range 1.5–3.0 ml) of 1:1 solution
of 2.5 mmol/l Gd- DOTA and 240 mg I/ml iohexol was
injected into the radiocarpal joint under palpation
guidance.
A novel extremity CBCT scanner (Planmed Verity,
Planmed Oy, Helsinki, Finland) was used to image the wrist
(Fig. 2). The dimensions of the scanner are (L × W × H):
185 × 76 × 160 cm, weight app. 350 kg, maximum powerconsumption 1.5 kVA with no external cooling needed. The
scanner uses a Toshiba X-ray tube with a tungsten target,
anode voltage up to 96 kV, anode current 1–12 mA, dual
filtration 0.5 mm-Cu + 2.5 mm-Al, and pulsed X-ray radiation. The scanner has a 20 × 25-cm flat-panel amorphous
silicon detector. The field of view (FOV) is approximately
13 × 16 cm, and 300 projection images were acquired over
an angle of 210° with a scan time of 18 s and reconstruction
time of 30–120 s. The isotropic voxel size was
0.4 × 0.4 × 0.4 mm3. Based on previous tests [14], 88 kVp

Intraobserver

Interobserver

R1 0.54 (0.08–1.00)
R2 0.75 (0.46–1.00)
R1 0.53 (0.30–0.88)
R2 0.86 (0.60–1.00)
R1 0.59 (0.25–0.93)
R2 0.66 (0.42–0.91)
R1 0.83 (0.66–1.00)
R2 0.68 (0.46–0.91)

R1.1-R2.1
R1.2-R2.2
R1.1-R2.1
R1.2-R2.2
R1.1-R2.1
R1.2-R2.2
R1.1-R2.1
R1.2-R2.2

0.73 (0.29–1.00)
0.45 (0.07–0.83)
0.56 (0.22–0.91)
0.67 (0.37–0.98)
0.31 (0.06–0.56)
0.49 (0.26–0.73)
0.90 (0.79–1.00)
0.48 (0.22–0.74)

R1 0.86 (0.72–1.00)
R2 0.91 (0.79–1.00)
R1 0.45 (0.12–0.77)
R2 0.64 (0.31–0.96)
R1 0.43 (0.12–0.74)
R2 0.76 (0.55–0.96)
R1 0.68 (0.36–1.00)
R2 0.42 (0.00–0.86)
R1 0.53 (0.16–0.90)
R2 0.68 (0.44–0.91)

R1.1-R2.1
R1.2-R2.2
R1.1-R2.1
R1.2-R2.2
R1.1-R2.1
R1.2-R2.2
R1.1-R2.1
R1.2-R2.2
R1.1-R2.1
R1.2-R2.2

0.65 (0.43–0.87)
0.59 (0.35–0.83)
0.58 (0.19–0.96)
0.38 (0.09–0.66)
0.37 (0.00–0.75)
0.32 (0.04–0.59)
0.62 (0.29–0.96)
0.51 (0.12–0.91)
0.59 (0.29–0.88)
0.42 (0.00–0.84)
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and 8 mA were used, giving a DAP of 716 mGycm2. The
small size enabled the scanner to be installed in the general
X-ray room.
After CBCT, the patients were transferred to the MRI
suite within 15 min post-injection. For MRI, we used a
1.5-T scanner (Signa HD, GE Medical Systems, Milwaukee, WI, USA) using the following imaging parameters: coronal T1 SE (TR/TE 620/13 ms, slice thickness
2.5 mm/2.7 space, matrix 256 × 192), axial T2 FSE fatsaturated MR images (TR/TE eff. 2800/44 ms, slice
thickness 3 mm/3.3 mm space, ETL 8, matrix
320 × 192), and coronal T2-w fat-saturated FSE (TR/
TE eff. 2760/68 ms, ETL 10, slice thickness 2.5 mm/2.7
space, matrix 288 × 192). FOV was 10 cm in each
sequence.
The images were transferred to a 27″ iMac computer
(Mac OS 10.6.4, Cupertino, CA, USA) and analyzed using
Aycan OsirixPro (v. 1.3, English Edition, January 2010,
Aycan Digital Systems GmbH, Würzburg, Germany) software. Before the final analysis, the studies were anonymized
and assigned a random ID number generated using freeware
obtained at http://www.random.org/.
A month later, two radiologists with more than
5 years of experience in musculoskeletal (MSK) trauma
imaging using CT and MRI reviewed the CBCT images
twice with a minimum 2-week interval between evaluations, for contrast enhancement (CE; 10good, 20fair;
30poor) and technical details (TD; 10good, 20motion,
30suboptimal contrast injection). Also, evidence of tears
of scapholunate (SLL) and lunotriquetral (LTL) ligaments (1 0no tear, 20completely torn, 3 0partial tear)
and triangular fibrocartilaginous complex (TFCC) (10
no tear, 20torn) and cartilage abnormalities (10normal,
20thinning, 30exposed subchondral bone) for scaphoid
and lunate with corresponding radial surface (scaphoid
and lunate fossa) were evaluated.
For MRI analysis, we used standard clinical workstations
(Agfa DS3000, IMPAX 5.3, Agfa-Gaevert, Mortsel, Belgium) with 2-megapixel monitors (Barco Inc., Kortrijk,
Belgium).
Inter- and intraobserver agreement was determined
using weighted kappa statistics. In this study, it was
defined that kappa-values 0.01–0.20 mean slight agreement, 0.21–0.40 fair agreement, 0.41–0.60 moderate
agreement, 0.61–0.80 substantial agreement, and 0.80–
0.99 almost perfect agreement [16]. Since no surgery
was performed, the consensus MRI reading served as a
reference standard, and sensitivity (SE), specificity (SP),
accuracy (ACC), and positive and negative predictive
values (PPV, NPV) were calculated.
Statistical analyses were done using a commercial software package SAS/STAT v.9.2 (SAS Institute Inc., Cary,
NC, USA).

Results
Each CBCT imaging study was technically successful. In
two patients, the contrast was suboptimal; in one case most
likely due to previous fracture fixation, in the other case due
to technical difficulties during injection. Also, in two
patients with radial volar titanium plate and screws, the
metal artifact caused less diagnostic problems in the assessment of both the wrist cartilage and ligament structures in
CBCT images compared to the MRI.
Interobserver agreement for SL ligament was fair. Moderate agreement was seen on articular cartilage for radius,
scaphoid, and lunate, and substantial agreement for LT

Fig. 3 Coronal (a), sagittal (b), and axial (c) images of the wrist. Voxel
size 0.4 × 0.4 × 0.4 mm3. Note the excellent visualization of cartilage
surface in radial and lunate cartilage (arrow, b)
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ligament and TFCC. Intraobserver agreement for TFCC was
almost perfect (Table 1).
Image quality is demonstrated in Fig. 3
We found 11 SLL tears (ten total, one partial), seven LTL
tears (five total, two partial), and 25 TFCC degenerations or
tears according to Palmer classification (type 1A; 16, 1B; 2,
2A; 2, 2B 3; 2C; 2 and 2D 2) (Figs. 4, 5, and 6). For cartilage
abnormalities, there were four cartilage abnormalities (thinning or subchondral bone exposure) for radial surface facing
scaphoid (scaphoid fossa) and in scaphoid, six in lunate, and
five in corresponding radial surface (lunate fossa).
The mean values for SE, SP, ACC, PPV, and NPV for
SLL tears were 56, 91, 83, 67, and 89 %; for LTL tears 83,

Fig. 5 TFC 1A (arrowhead) and LTL (arrow) tear. a Coronal CTimage (voxel size 0.4 × 0.4 × 0.4 mm3) with b corresponding T1-w fatsaturated SE MR image (TR/TE 380/13 ms, FOV10cm, slice thickness
2.5 mm/2.7 space, matrix 256 × 192). SLL is intact (block arrow)

81, 82, 44, and 96 %; for TFCC tears 76, 90, 87, 83, and
87 %, respectively. The results for each reader are presented
in Table 2.
The mean values for SE, SP, ACC, PPV, and NPV for
cartilage abnormalities for radial surface facing were 69, 94,
92, 53, and 97 %; for scaphoid 71, 94, 92, 61, and 97 %; for
lunate fossa 63, 92, 90, 28, and 98 %; and for lunate 70, 92,
90, 52, and 97 %, respectively. The results for each reader
are presented in Table 3.
Fig. 4 TFC 1A tear (arrow). a Coronal CT-image (pixel size
0.4 × 0.4 × 0.4 mm3) with b corresponding T2-w fat-saturated FSE
MR image (TR/TE eff. 2,760/68 ms, ETL 10, FOV 10 cm, 3 mm/3.2
space, matrix 288 × 192). Arrowhead in a and b denotes contrast in
distal radioulnar joint indicating communication between radiocarpal
and distal radioulnar joint compartments

Discussion
CT arthrography is an alternative in patients when MRI
is contraindicated or when MRI is not available.

Skeletal Radiol
Fig. 6 SL-tear (arrow) in a 63year-old male. a Coronal CTimage, b blue line shows the
plane to create the axial plane in
c. Corresponding coronal fatsaturated T1 SE (TR/TE 620/
13 ms, FOV 10 cm, slice thickness 2.5 mm/2.7 space, FOV
10 cm, matrix 256×192 d) and e
axial T2 FSE fat-saturated MR
images (TR/TE eff. 2800/
44 ms, slice thickness 3 mm/
3.3 mm space, ETL 8, FOV
10 cm, matrix 320 × 192).
Contrast leakage is seen to
midcarpal joint (asterisk, a). No
perforation in TFC (arrowhead;
a, d) is seen. Note also the excellent visualization of cartilage
(block arrow; a), whereas the
soft-tissue contrast (c) is suboptimal compared to MRI (e).
Curved arrow in c, e indicates
the median nerve

Moreover, multi-detector CT (MDCT) arthrography has
been reported to be more accurate than MRI or MR
arthrography, especially in detecting partial tears of SL
and LT ligaments [6]. In addition, experimental flatpanel C-arm CT arthrography has recently been reported
[17]. In the current study, we used a novel, dedicated
ambulatory cone-beam CT. Each study was technically
successful, with overall accuracy of 82–86 %. This
method offers exciting possibilities for orthopedic imaging in general. High spatial resolution, low radiation

dose, and easy installation provide a potential one-stop
shop for various orthopedic problems, such as subtle
fracture detection and post-traumatic evaluation of fracture consolidation, especially when osteosynthetic material has been used [12]. Moreover, this technique allows
imaging in a comfortable sitting position or even in
patients lying on a hospital bed.
The spatial resolution used (0.4 mm3) is superior to
standard MR imaging where slice thickness is usually
2–3 mm and in-plane resolution 0.5–0.7 mm although
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Table 2 Sensitivity (SENS), specificity (SPES), accuracy (ACC),
positive predictive value (PPV), and negative predictive value (NPV)
for scapholunate (SL), lunotriquetral (LT) ligament, and triangular
fibrocartilaginous complex (TFCC) tears for readers 1 and 2. R1.1
and R2.1 denote first and second reader’s first reading, and R1.2 and
R2.2 the second readings, respectively

SL
SENS (%)
SPES (%)
ACC (%)
PPV (%)
NPV (%)
LT
SENS (%)
SPES (%)
ACC (%)
PPV (%)
NPV (%)
TFCC
SENS (%)
SPES (%)
ACC (%)
PPV (%)
NPV (%)

R1.1

R1.2

R2.1

R2.2

36
95
81
67
84

64
98
90
88
91

64
88
82
58
90

67
85
80
57
89

100
86
88
54
100

75
85
84
50
95

86
81
82
43
97

71
74
73
31
94

74
87

71
91

83
90

80
87

82
78
84

84
80
85

88
83
90

88
80
93

sub-millimeter isotropic voxels can also be obtained
with 3.0-T scanners with gradient echo sequences, such
as VIBE (volume interpolated breath-hold examination
[18]). However, compared to MRI, the imaging time
using CBCT is very short (18-s scan time) and patient
positioning is easy, making it less prone to motion
artifacts. Moreover, wrist CBCT arthrography could be
an alternative in postoperative patients with radial volar
plate fixation due to relative absence of metallic artifacts compared to MRI. The spatial resolution of the
dedicated extremity CBCT is similar to MDCT scanners.
However, due to limitations in low-contrast sensitivity
of CBCT due to, e.g., scatter, soft-tissue contrast is
lower compared to MDCT data. General challenges in
CBCT contrast detectability, including scatter, beam
hardening, truncation, and limited number of projections, can be partially corrected with calculation methods as reported for C-arm applications [19]. In the case
of wrist imaging with FOV of 13 × 16 cm, the truncation effect is not a concern with the dedicated extremity
CBCT.
According to dentomaxillofacial studies, the radiation
doses of CBTC examinations are significantly lower
compared to conventional MDCT scans [20–23]. The

Table 3 Sensitivity (SENS), specificity (SPES), accuracy (ACC),
positive predictive value (PPV), and negative predictive value (NPV)
for cartilage abnormalities for scaphoid and lunate with corresponding
radial surface for readers 1 and 2. R1.1 and R2.1 denote first and
second reader’s first reading, and R1.2 and R2.2 the second readings,
respectively
R1.1

R1.2

R2.1

R2.2

50
91
88
40
96

75
94
92
50
98

100
98
98
80
100

43
91
88
43
95

100
96
96
71
100

100
100
100
100
100

50
91

67
90

33
96

90
29
100

90
20
98

88
29
98

92
33
96

60
95
92
60
95

40
93
88
40
93

100
85
86
42
100

80
96
94
67
98

RADIUS (scaphoid fossa)
SENS (%)
50
SPES (%)
94
ACC (%)
90
PPV (%)
40
NPV (%)
96
SCAPHOID
SENS (%)
40
SPES (%)
89
ACC (%)
84
PPV (%)
29
NPV (%)
93
RADIUS (lunate fossa)
SENS (%)
100
SPES (%)
89
ACC (%)
PPV (%)
NPV (%)
LUNATE
SENS (%)
SPES (%)
ACC (%)
PPV (%)
NPV (%)

CBCT technique has also been previously used to detect
finger fractures with equal accuracy as MDCT but with
significantly less radiation [10]. Also, three cases of
CBCT imaging of the wrist, including one with intraarticular contrast, has been reported [11]. The scanners
used, however, represent a different design and technology than that used in the current study. Due to the
target size and geometry of the X-ray beam in the
scanner, conventional computed tomography dose index
(CTDI) measures are not applicable to estimate the
radiation exposure to the patient. Dose area product
(DAP) also has limitations because the radiation beam
area is wider than the wrist area. For typical exposure
values used in the study (88-kV tube voltage, 8-mA
tube current), DAP of 716 mGy*cm2 was measured.
For the wrist imaging, a conversion coefficient of
0.01 mSv/Gycm2 [22] was used, providing an effective
dose estimate of 7 μSv.
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The inter- and intraobserver agreement was in most
cases substantial. The fair interobserver agreement in SL
ligament can be explained by the heterogeneity of our
material with a substantial number with previous surgery and still-existing metal implants. In these cases, the
distorted anatomy and postoperative changes interfered
with the analysis even in retrospect. However, the study
group was comprised of unselected material and is
representative of a typical busy orthopedic practice.
Also, the differences between readers most likely reflect
the personal differences. In order to increase the specificity, reader 1 has, in general, lower sensitivity, and if
the number of pathologic conditions is small, e.g., five
in cartilage in lunate fossa (Table 3), one discordant
reading may lead to substantial change in sensitivity.
In addition, with an increasing prevalence, the values
of the sensitivity and specificity of both observers have
to increase in order to maintain a certain kappa value
[24]. Therefore, a low kappa value, combined with a
high prevalence of one of the categories, cannot be
interpreted easily, and in such a case, the number of
observations should be extended to make the prevalence
of the categories more equally distributed [24].
The visualization of cartilage surface was excellent
(Fig. 3), and provides a potentially good method of detecting cartilage injuries in the radiocarpal as well as other small
joints, where cartilage thickness is in the order of 1 mm or
less. While MR arthrography is good for detecting cartilage
defects [25], arthroscopy is needed for a reference standard.
It should be noted, however, that in case of orthopedic
hardware, the visualization of cartilage with CBCT was
better than with MR arthrography (Fig. 7)
In a previous study, CT arthrography was shown to have a
very high (>90 %) sensitivity and specificity for SL, LT, and
TFCC tears [6]. In our study, the corresponding numbers were
slightly smaller, probably reflecting differences in the study
population. They were also able to study partial tears, whereas
in our study the amount of partial tears as well as the cartilage
abnormalities was too small for a more detailed analysis.
The dedicated extremity CBCT scanner’s low radiation
dose, easy installation, and easy use open new possibilities
for imaging of the radiocarpal joint. The use of CBCT
arthrography and subsequent MR arthrography combines
the inherent strengths of both methods; excellent visualization of bony structures and soft tissue contrast, respectively.
Concomitant reading of both studies would potentially lead
to increased diagnostic confidence and performance.
CT arthrography is recommended together with MR
arthrography in order to increase the diagnostic accuracy
of foveal tears and to assess the associated bone fragments
[26].

Fig. 7 In a patient with volar radial plate, ligament structures (SLligament; asterisk), wrist cartilage surface (especially in lunate, arrowhead) and a scaphoid cartilage defect (arrow) are better delineated on
the coronal CT-image due to fewer metal artifacts (a) compared to
corresponding T1-w fat-saturated SE MR image (b)

In conclusion, the dedicated CBCT extremity scanner
is a new method for evaluating wrist ligaments. Moderate agreement was seen on articular cartilage for
radius, scaphoid and lunate, and substantial agreement
for LT ligament and TFCC. Interobserver agreement for
SL ligament was fair. Intraobserver agreement for
TFCC was almost perfect. The method has an accuracy
of 82–86 % and specificity of 81–91 %. Sensitivity for
LT and TFCC tears was 77–83 %, but for SLL tears it
was 58 %. For cartilage abnormalities, the accuracy and
negative predictive value were high, 90–98 %.
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