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Abstract
Background: Abnormal angulation of the lunate can be an indication of intercarpal pathology. On magnetic resonance
images (MRIs) the lunate often looks dorsally angulated, even in healthy wrists. The tilt on individual slices can also be
different and might be misinterpreted as pathological, contributing to inaccurate diagnoses and unnecessary surgery.
The primary aim of this study was to determine the average radiolunate angle on sagittal wrist MRI images as well as
the radiolunate angle in the most radial, central and most ulnar part of the lunate; also the interobserver reliability was
determined.
Methods: 140 MRIs from adult, non-pregnant patients presenting to the outpatient hand and upper extremity service
between 2010 and 2013 with wrist pain were used for this retrospective study. One author measured the radiolunate
and capitolunate angle (i.e., tangential and axial method) in all MRIs. Additionally, two authors measured the same
angles independently in 46 MRIs to analyze interobserver reliability.
Results: The average radiolunate angle was 8.7 degrees dorsal. There were no significant differences in the radiolunate
angles between the different parts of the lunate. A very good interrater agreement was measured considering the
radiolunate angle and capitolunate angle (tangential and axial method).
Conclusions: Our study showed that the lunate appears slightly dorsally angulated on an MRI of a healthy wrist.
Regarding the radiolunate angle, 10 to 15 degrees of dorsal tilt can be considered normal. This study provides reference
information of normal anatomy for carpal axial alignment that may facilitate diagnoses of wrist pathology.
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Introduction
Abnormal angulation of the lunate on radiographs
can be an indication of intercarpal pathology (1-3). On
standard, lateral radiographs, the normal capitolunate
angle averages 20˚ volar (range: 10˚-30˚) and the normal
radiolunate angle is about neutral, with a range from
15˚ dorsal to 15˚ volar (4-7). In other words, regarding
these broad ranges, angles that are often considered
pathological can be observed in healthy wrists. In
addition, small differences caused by rotation of the
wrist might lead to misinterpretation of the angles.
The situation may be even more complex with
magnetic resonance imaging (MRI). We have noticed
that the lunate often looks dorsally angulated on sagittal
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plane MRI images of a healthy wrist, more so on some
slices than others. While radiographs give a “composite”
angle, it may be that there is an apparent tilt if one
looks at individual slices of the wrist that might be
misinterpreted as pathological (8).
If dorsal tilt of the lunate on normal sagittal MRI
images depends on the part of the lunate that is imaged,
then it becomes difficult for radiologists, surgeons, and
patients to interpret the position of the lunate; potential
misinterpretation contributes to inaccurate diagnoses
and unnecessary surgery. The primary aim of this study
was to determine the average radiolunate angle on
sagittal wrist MRI images. In secondary analyses we
determined the radiolunate angle in the most radial,
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central and most ulnar part of the lunate; the average
capitolunate angle using two methods of measurement;
differences in radiolunate and capitolunate angles by
age and sex; and the interobserver reliability of the
measurements.

Materials and Methods
Subjects
In this Institutional Review Board approved retrospective
study, we obtained 209 wrist MRIs from adult, nonpregnant patients presenting to the outpatient hand and
upper extremity service between 2010 and 2013 with
wrist pain. Inadequate MRIs (i.e., measurement of the
angles was impossible due to absent landmarks or bad
quality) were excluded. Additionally, MRIs of patients with
a diagnosis related to the lunate or adjacent structures
were excluded [Table 1]. One hundred and forty patients
satisfied the eligibility criteria. There were 68 (49%)
men and 72 (51%) women with a mean age of 41 years
(standard deviation 13 years; range, 18-76 years).

MRI assessment
One author measured the radiolunate and capitolunate
(i.e., tangential and axial method) angle in 140 MRIs using
ONIS 2.5 (DigitalCore, Co.Ltd, Tokyo, Japan). Additionally,
two authors measured the same angles independently in
46 MRIs to analyze interobserver reliability. All assessors
recorded in which slice they performed their first
measure, so that angles were compared in the same slice.
The 3 measurers were blinded to each other’s assessment
until the MRIs of all patients were reviewed.
Table 1. Excluded MRIs (n=69)
General criteria

Age (<18 years)
Pregnancy

Technical criteria

9
14

Double MRI

1

Disease specific criteria

2

Degenerative cartilage changes

11

Rheumatoid arthritis

1

SLL tear + degenerative changes
Fracture

8
8

Scaphoid

7

Distal radius

1

Scaphoid, hamate, capitate, trapezium
Triquetrum

Distal first metacarpal

Statistical analysis
A power analysis based on radiolunate angle
measurements from the first 50 MRIs determined that a
sample size of 126 subjects was needed to detect a 6.5˚
minimal recognizable difference (MRD) as shown by
Larsen et al. of an abnormal radiolunate angle of ≤ -15˚ or
>15˚ with a 95% confidence interval within 5% of the true
prevalence (10% width of confidence intervals)(7, 9).
Data is presented as frequencies and percentages for
categorical variables and as means with 95% confidence
intervals (CI) for continuous variables.
To determine whether the tilt of the lunate depends
on the part of the lunate that is imaged, we evaluated
the radiolunate angle in the most radial, central and
most ulnar part of the lunate on sequential sagittal
MRI slices. In case there were four slices where the
radiolunate angle could be measured, the average of
the second and third measurement was taken as the

3

Kienböck disease

Scapholunate ligament (SLL) tear

The following angles were measured on the sagittal
MRI slices: 1) The radiolunate angle, measured between
the axis of the lunate and the axis of the radius. The axis
of the lunate is a line perpendicular to the tangent of the
two distal poles. The axis of the radius is a line through
the center of the medullary canal at 2 and 5 centimeter
proximal to the radiocarpal joint; 2) The capitolunate angle
(tangential method), measured as the angle between the
tangent of the proximal and distal dorsal margins of the
capitate and lunate axis as described; 3) The capitolunate
angle (axial method), measured between the capitate axis
(from the center of the proximal and distal poles) and the
lunate axis [Figure 1] (9).
Volar angulation of the distal articular surface of the
lunate with respect to the capitate or radial axis was
recorded as positive and dorsal tilt as negative (6).

0

Bad quality, no visible landmarks
No wrist MRI

NORMAL ANGULATION OF LUNATE

1
1
2

Figure 1. A: lunate axis, B: radius axis, C: tangent of the proximal
and distal dorsal margins of the capitate, D: capitate axis.
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central part measurement. In case there were only
two measurements (because of insufficient visibility
of landmarks that were needed to be able to make the
measurements) no measurement of the central part
was noted. The difference in radiolunate angle between
the most radial, central and most ulnar part of the
lunate was evaluated by use of the Student t-test in case
Table 2. MRI findings (n=140)

Slices with visible lunate (no.)
Average slice thickness
Radiolunate angle

Slice 1 (n=125)
Slice 2 (n=140)
Slice 3 (n=120)
Slice 4 (n=48)
Slice 5 (n=3)

Capitolunate angle - Tangential

Mean

SD

4.4

0.78

Mean

SE

3.0

0.95

-11

-7.4

-8.2

3.7

-7.5

-15

-9.9

-24

7.9

11

15

1.1

12

17

1.6

17

-11

1.2

14

4.1

Average angles

1.3

0.99

Slice 3 (n=123)
Slice 5 (n=3)

0.86

14

1.3

Slice 4 (n=49)

95% CI

-9.3

-12

Slice 1 (n=125)
Slice 2 (n=140)

8.0

-6.0

15

Capitolunate angle - Axial

6.0

-9.9

Slice 3 (n=123)
Slice 5 (n=3)

1.0

0.99

-9.2

13

Slice 4 (n=48)

2.0

-7.9

Slice 1 (n=125)
Slice 2 (n=140)

0.40

Range

12

16

11

17

2.6

5.8

28

1.1

-0.78

3.4

2.1

6.0

1.8

0.99

3.3

1.3

0.71

6.5

1.0
2.5

-0.18
-4.4

3.7
5.9
17

Radiolunate

-8.7

0.85

-10

-7.0

Capitolunate - Axial

2.5

0.94

0.68

4.4

Mean

SD

Capitolunate - Tangential
Difference between tangential
and axial method
Slice 1 (n=125)
Slice 2 (n=140)
Slice 3 (n=123)
Slice 4 (n=48)
Slice 5 (n=3)

14

1.0

12

12

4.8

-17

11

4.3

-1.5

12
11
10

3.9
5.0
3.6

Range

-11

0.77
6.7

16

29
20
20
28
14
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of normally distributed data and the Mann-Whitney-U
test in case the data was not normally distributed.
Associations between the response variables
(radiolunate, tangential capitolunate and axial
capitolunate angle) and sex were assessed with either
the Students t-test or Mann-Whitney-U test depending on
the normality of the data. The associations between the
response variables and age were assessed by means of
the Pearson correlation for normally and Spearman rank
correlation for non-normally distributed data. P value
less than 0.05 was considered significant.
Intraclass correlations for two-way mixed-effects
models were estimated to test the absolute agreement
between the three assessors (interobserver reliability)
concerning the angle measurements. Absolute agreement
in an intraclass correlation indicates how much each
measurement performed per observer differs from the
other observer.
Results
The average radiolunate angle was 8.7 degrees dorsal
(95% CI -10 to -7.0) [Table 2]. There were no significant
differences in the radiolunate angles between the most
radial, central, and most ulnar part of the lunate [Table 3].
The average capitolunate angle, measured by the
tangential method, was 14 degrees volar (95% CI 12
to16). The average capitolunate angle, measured by
the axial method, was 2.5 degrees volar (95% CI 0.68
to 4.4) [Table 2].
Bivariate analyses showed no significant differences in
radiolunate and capitolunate angles (both measurement
methods) by age and sex [Table 4].
We found an intraclass correlation coefficient of 0.87
(95% CI 0.79 to 0.92, P<0.001) between the three
observers regarding the radiolunate angle. The intraclass
correlation coefficient of the tangential capitolunate
measurement was 0.93 (95% CI 0.86 to 0.96, P<0.001)
and for the axial method 0.90 (95% CI 0.81 to 0.95,
P<0.001) [Table 5].
Discussion
Angulation of the lunate on a lateral radiograph of
the wrist can be used to assess intercarpal pathology.
The range of normal radiolunate angles on radiographs
of healthy wrists includes angles that are sometimes
considered pathological (1-3). It was our impression
Table 3. Radiolunate angle in radial, middle and ulnar part of
lunate
Measure

Mean

95% CI

Radiolunate radial part (n=140)

-7.8

-9.6

-6.0

Radiolunate ulnar part (n=140)

-8.9

-11

-7.2

Radial and middle part

2.2

P=0.09

Middle and ulnar part

1.1

P=0.39

Radiolunate middle part (n=112)
Difference between:

Radial and ulnar part

-10

1.1

-12

-8.2

P=0.38
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Table 4. Bivariate analyses (n=140)
Variables
Sex (Mean ± standard deviation)
Men

Women

Age (Pearson’s r)

Radiolunate Angle
-9.3 (9.8)
8.2 (10)
0.043

Table 5. Interobserver reliability (n=46)
Measure
Radiolunate Angle
Capitolunate Angle - Tangential
Capitolunate Angle - Axial

Rater

P

Capitolunate angle - Tangential

P

2.8 (11)

0.51

0.77

2.3 (11)

0.62

0.092

Intraclass correlation

1
2
3
1
2
3
1
2
3

that this may be more pronounced on MRI images. Our
study of MRI images confirmed our impression: there
was an average radiolunate angle of 8.7 degrees dorsal
(range, 7 to 10 degrees dorsal) with minor differences
between measurements of the radial, central or ulnar
part of the lunate and no influence of age and sex.
The results of this study should be interpreted in light
of its shortcomings. The MRIs we used were obtained for
diagnostic purposes in patients with wrist complaints and
may be different from the general population. However,
to correct for this potential shortcoming, we used strict
exclusion criteria. Additionally, neutral alignment of the
carpal bones is necessary to measure lunate tilt precisely.
Although standard protocol MRIs were used for this study,
we expect some variation in wrist position. Given the large
number of scans evaluated, these variations might be
expected to average out. The wrist may be extended and
it’s not always possible to see the third metacarpal bone to
determine wrist position Lastly, one observer did all of the
measurements, but we established that the measurement
technique is reliable.
Our findings on MRI are consistent with studies of
radiographs: 10 to 15 degrees of dorsal tilt (radiolunate
angle) can be normal. The average radiolunate angle
was about 9 degrees dorsal and the average capitolunate
angle was about 14 degrees volar, meaning that the lunate
appears slightly dorsally angulated on an MRI of a healthy
wrist (4, 5). These results are comparable with the normal
capitolunate angle on radiographs (i.e., 20˚ volar, range: 10˚30˚), but with a smaller range (95% CI 12 to16). With this
range, a better distinction can be made between normal and
pathological angles (6).
As observed in radiographs, an apparent dorsal tilt of the

coefﬁcient

0.28

Capitolunate angle - Axial
14 (12)

0.76

14 (12)
0.11

P

P

0.21

95% CI

0.87

<0.001

0.79

0.92

0.93

<0.001

0.86

0.96

0.90

<0.001

0.81

0.95

lunate on MRI may not be pathological. Misinterpretation of
the radio- and capitolunate angle might increase the risk of
unhelpful diagnoses and unnecessary invasive treatments.
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