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Conventionally,  the carrying angle of the elbow is measured using simple two-dimensional radiogra-
phy or goniometry,  which has questionable reliability.  This study proposes a novel method for esti-
mating carrying angles using computed tomography that can enhance the reliability of the angle mea-
surement.  Data of CT scans from 25 elbow joints were processed to build segmented three-dimensional 
models.  The cross-sectional centerlines of the ulna and the humerus were traced from the 3D models,  
and the angle between 2 vectors formed from the centerlines of the humerus and the ulna was defined 
as the “three-dimensional carrying angle. ” These angles were compared with those measured by simple 
radiograph.  Two cases of angular deformity were underwent surgery based on this preoperative 
surgical planning,  and the postoperative 3D carrying angles were evaluated using the proposed 
method.  The mean value of the calculated three-dimensional carrying angle was 20.7°±3.61,  while it 
was 16.3°±3.21 based on simple radiography without statistical difference.  Based on the 3D carrying 
angle estimations,  2 surgical cases of cubitus deformities were planned by comparison with the normal 
contra-lateral elbow.  Postoperative angle estimations confirmed that the corrected angles were nearly 
identical to the planned angles for both cases.  The results of this study showed that the carrying angle 
can be accurately estimated using three-dimensional CT and that the proposed method is useful in 
evaluating deformities of the elbow with high reliability.
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he elbow joint is generally modeled as a hinged 
joint for flexion and extension although several 

reported have indicated that it has complex rotation 
movement in three-dimensional space [1-5].  The car-
rying angle of the elbow is clinically determined from 
the longitudinal axes of the upper arm and the fore-
arm.  It is usually estimated anatomically and radio-
logically from the angle formed by the long axes of the 

humerus and the ulna.  Generally,  the carrying angle 
of the elbow is assessed with the elbow fully extended 
and the forearm fully supinated and is measured with 
a goniometer or a simple radiographic image.
　 Carrying angle measurements have been reported 
in the literature based on various methodologies.  The 
first published study of the carrying angle may have 
been the estimation of obliquity of the arm in a female 
by Potter in 1895 [6].  Conventionally,  goniometers 
were applied to the arms to estimate the carrying 
angle [6-11].  Since Steel and Tomlinson used a 
simple radiograph in 1958 [12],  many studies have 
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employed radiographic measurements in estimating the 
carrying angle [3,  13-15].  Other researchers have 
reported data from cadaveric studies in vitro [4,  16].
　 The mean values of the carrying angles,  as 
reported by different authors,  show considerable dif-
ferences: 12.7° in females and 6.8° in males by 
Potter [6],  13° and 11° by Keats et al.  [15],  15° 
and 11° by Baughman et al.  [17],  14° and 11° by 
Amis and Miller [7],  16.9° and 13.6° by Khare et al.  
[9],  and 16.7° and 11.6° by Van Roy [18].  Beals 
[13] and Zampagni et al.  [19],  however,  reported no 
sexual differences.  Meanwhile,  there have been very 
few studies of the equipment used to measure the car-
rying angle except other than goniometers and simple 
radiographs.
　 In this precursor study we propose a novel method 
for estimating carrying angles using computed tomog-
raphy (CT) scans.  The two-dimensional CT images are 
processed to build a segmented three-dimensional 
model.  The center lines of the humerus and the ulna 
are estimated from the three-dimensional model,  and 
the carrying angle is estimated based on those center 
lines.  The validity of the proposed method was 
assessed by comparing the angle estimations with those 
from the simple radiographs.  Closed-wedge corrective 
osteotomy for cubitus valgus and varus deformities 
was performed in 2 cases based on the proposed 
method using preoperative medical images.

Materials and Methods

　 Material. Data from CT scans of the elbow 
from 25 subjects were analyzed for this study.  
Fifteen males and 10 females with a mean age of 37.3
±15.2 years (range,  23-89 years) were scanned on 
CT,  and the three-dimensional estimations of the car-
rying angle were compared with the direct measure-
ments on the simple radiologic study.  Cases with 
fractures or limited ranges of extension motion at the 
elbow joints were excluded.
　 One male (27-year old) with cubitus valgus defor-
mity and 1 female (23-year old) with cubitus varus 
deformity underwent surgery for correction under 
surgical planning based on the preoperative images of 
the arms,  and the surgical outcomes were evaluated 
by estimating the postoperative 3D carrying angles.  
For the operations,  we obtained approval from the 
local ethics committee as well as written informed 

consent from both participants.
　 Image processing. CT scans (Brilliance 40,  
Philips,  Best,  Netherlands) were taken for the arms 
of the subjects.  The CT images were processed to 
segment a three-dimensional volumetric model of the 
arm using an image software package,  3D-Slicer 
(Surgical Planning Laboratory,  Brigham and Womenʼs 
Hospital,  Boston,  MA,  USA).  The voxel size for the 
CT scan was 0.586×0.586×1.25mm,  which was a 
high enough resolution to visualize the humerus and 
the ulna.  Fig.  1 and 2 show the two-dimensional CT 
image and the segmented three-dimensional image of 
the arm,  respectively.  The humerus and the ulna were 
segmented out from the three-dimensional model 
obtained from the CT images of the arm (Fig.  1).
　 Estimation of the 3D carrying angle. From 
the segmented 3D models of the humerus and the ulna,  
two-dimensional images of the transverse sections 
were obtained.  From the transverse section images,  
the cross-sectional centerlines of the humerus and the 
ulna were traced using FreeForm software (SensAble,  
Inc.,  Cambridge,  MA,  USA).  Fig.  2 shows the cen-
terlines of the humerus and the ulna.
　 As can be seen in the figure,  the centerlines are not 
straight for either the humerus or the ulna.  To deter-
mine the 3D carrying angle,  2 points on the centerline 
were chosen for the humerus and the ulna,  respec-
tively making the distances from the center of the 
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Fig. 1　 Segmented models of the arm.  A,  Humerus; B,  Ulna.



trochlea 1/3 and 2/3 of the length of the humerus and 
the ulna,  respectively.  To determine the center of the 
trochlea,  the transverse cross-section of the trochlea,  
which has the narrowest concave region,  was chosen,  
and then the midpoint of the concave portion was 
chosen as the center of the trochlea,  as illustrated in 
Fig.  3.
　 The lines connecting the 2 points on the centerline 
of the humerus and the ulna form 2 vectors xh and xu,  
respectively (Fig.  4).  In this study,  the angle 
between the 2 vectors (xh in the humerus and xu in the 
ulna) is defined as the 3D carrying angle.  The 3D 
carrying angle can be determined by the following 
equation:

xh・xu＝│xh││xu│ cosθ

θ＝cos－1 xh・xu│xh││xu│

　 Estimation of carrying angle using simple 
radiology. For comparison with the 3D carrying 
angle estimation,  simple radiographs were taken from 
an anterior-posterior view with the elbow fully 
extended and supinated.  Using the same standard 
reported by Beals [13],  2 midpoints in the distal 
humerus and 2 midpoints in the proximal ulna were 
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Fig. 2　 Centerlines of humerus and ulna.

Center Point of Trochlea.

Fig. 3　 Center point of trochlea.
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Fig. 4　The 3D carrying angle between two vectors xh in the 
humerus and xu in the ulna.



chosen and the acute angle of the 2 lines that connect 
these midpoints was measured.  To reduce inter- and 
intra-observer error,  the 2 authors (SS Park and E 
Kim) evaluated the angles and the mean values were 
accepted as the carrying angle from the simple radio-
graph.  The inter-observer reliability was evaluated by 
calculating the Interclass Correlation Coefficient 
(ICC) using SPSS 9.0 statistical software (SPSS Inc,  
Chicago,  IL,  USA) for Windows (Microsoft,  Red-
mond,  WA,  USA).  The ICC value was calculated to 
be 0.794,  which indicates acceptably high inter-
observer reliability (＞0.70).
　 Surgical planning for correction of cubitus 
deformity. The above-mentioned procedure for 
3D carrying angle estimation can also be applied for 
the planning of surgical correction of elbow deformity.  
For 2 patients with cubitus varus and valgus deformi-
ties,  CT scans were taken for both arms.  The three-
dimensional volumetric models of the arms were seg-
mented out from the two-dimensional CT images.  
Among the models of the 2 arms with normal and 
deformed elbows,  the image of the normal arm was 
converted to make mirror images and 2 segmented 3D 
models of both sides were overlapped so that the ulna 
and radius of the converted image matched with those 
of the other side (Fig.  5).  From the overlapped image,  
the centerlines and vectors in the 2 humeri were then 
determined using the same method mentioned above.  
The angle difference between the 2 vectors of the 

humerei is the same as the difference in the 3D carry-
ing angles of the 2 arms.  This angle difference was 
determined as the wedge angle for corrective osteot-
omy.
　 Conventional closed wedge osteotomy was applied 
to correct the carrying angle.  Operations were per-
formed through a posterior approach with the patient 
in a lateral position.  Ulnar nerve transposition was 
performed in the cubitus varus case to prevent ulnar 
neuropathy.  A sterilized triangular film with the 
preplanned correction angle was placed on the bone 
surface of the distal humerus just above the olecranon 
fossa.  Osteotomy was performed along the margin of 
the triangle by electrical saw and the 2 fragments 
were fixed with K-wire and tension band wiring (Fig.  
6).  After the corrective surgeries,  postoperative CT 
scans were taken for the 2 patients.  Using the same 
procedure to estimate the 3D carrying angle,  the car-
rying angles of the corrected arms were measured.  
The corrected carrying angles were compared with the 
target carrying angles determined by surgical plan-
ning.

Results

　 Comparison of 3D carrying angle with con-
ventional estimation using simple radiography.
Table 1 compares the three-dimensional estimations of 
carrying angles with the estimations using a simple 
radiograph for 25 arms.  The difference between the 2 
estimations was restricted to a mean of 4.4°.  The 
maximum difference between the estimations was 9.4°,  
the minimum difference 1.3°.  The mean values of the 
3D carrying angles were 19.8° in males and 22.1° in 
females.  The 3D carrying angles ranged from 13.5° to 
26.4° in the male subjects and from 15.9° to 27.0° in 
the female subjects.  The mean values of carrying 
angle measured by simple radiography were 14.9° in 
male and 18.3° in females.  The measured carrying 
angles ranged from 11.0° to 19.0° in the male and 
from 14.0° to 23.0° in the female,  respectively.
　 As can be seen from the table,  the 3D carrying 
angle estimations appear slightly larger than those 
from simple radiography.  There appears,  however,  
no statistically significant difference between the 2 
estimations based on a paired t-test (p＜0.05).  Addi-
tionally,  the Interclass Correlation Coefficient (ICC) 
was calculated to evaluate the inter-method reliability 
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Fig. 5　Formed mirror images of humerus and ulna.  A,  Mirror 
images of both arms; B,  Overlapped mirror images.



of the 2 methods.  A high correlation between the 2 
estimation methods was found (ICC＝0.859＞0.70).
　 Comparison of the corrected carrying angle 
with that of the contralateral side using surgical 
planning. Table 2 compares the corrected carry-
ing angle and the carrying angle of the normal side 

determined by surgical planning,  both estimated using 
3D CT scan and simple radiography.  Using the 3D 
carrying angle estimation,  the wedge angles for closed 
wedge osteotomy,  which are the differences between 
the carrying angles of the deformed and normal sides,  
were set to 30.9° (from －27.4° to 3.5°) for patient 1 
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Fig. 6　 Close wedge osteotomy through posterior approach.  A,  Operative finding; B,  Post-operative X ray.

Table 1　 Comparison of 3D Carrying angle with conventional estimation using simple radiography

Method 3D Carrying Angle Simple Radiographic Carrying Angle

Male Female Total Male Female Total

Mean 19.8 22.1 20.7 14.9 18.3 16.3
Standard
Deviation 3.42 4.61 3.61 2.60 4.38 3.21

Range 13.5-26.4 15.9-27.0 13.5-27.0 11.0-19.0 14.0-23.0 11.0-23.0

Table 2　 Comparison of the corrected carrying angle with the target carrying angle by surgical planning

Patient 1 Patient 2

3D CT Pre-operative －27.4 27.2
Contralateral side 3.5 18.5
Post-operative 3.0 16.7

Simple Radiography Pre-operative －24.2 25.1
Contralateral side 5.0 15.1
Post-operative 2.5 13.1

Difference between Target 
and Corrected Angles

3D CT 0.5 1.8
Simple Radiography 2.5 2.0



and 8.7° (from 27.2° to 18.5°) for patient 2,  respec-
tively.  From the estimation based on simple radiogra-
phy,  the wedge angles for corrective osteotomy were 
set to be 29.2° and 10.0°.  The differences between the 
target and corrected angles were less than or equal to 
2.5° in both estimation methods,  which suggests that 
the corrective osteotomy was carried out successfully 
for the 2 patients (Table 2).

Discussion

　 While various estimation methods of the carrying 
angle have been reported,  the data reported by differ-
ent authors show considerable differences,  as these 
studies have been based on different definitions of the 
carrying angle as well as different methodologies.  The 
most commonly used method uses radiography of the 
arm that is fully extended and fully supinated.  This 
method may incorporate measurement errors even 
when the same examiner measures the same angle (low 
test-retest reliability).  These measurement errors can 
only be reduced by repeated measurements taken by 
the same examiner with the same instrument.  There 
have been few literature reports regarding the reli-
ability of any specific methodology,  except for a brief 
mention as a result of recent biomechanical studies 
[18,  19].
　 In this preliminary study,  we propose a novel 
method to estimate the carrying angle using computed 
tomography (CT) scan.  Three-dimensional models 
segmented from two-dimensional CT images were used 
to yield the centerlines of the long bones in the arm.  
The three-dimensional carrying angle was estimated 
based on the centerlines of the humerus and the ulna.
　 The three-dimensional carrying angles were esti-
mated for 25 elbows and were compared with the 
angles measured from two-dimensional radiographs.  
While no statistical differences were found between 
the three-dimensional and two-dimensional carrying 
angles in this study,  the 3D carrying angles were 
estimated to be slightly larger than the angles from 
simple radiography.  These results seem reasonable,  
since the 3D carrying angle is the largest angle that 
can be measured,  while simple radiography can only 
provide the projection of the 3D angle on a plane.  In 
addition,  better accuracy and repeatability can be 
expected with the procedure using 3D CT scan,  
although the level of radiation exposure from CT scan 

is higher than that from simple radiology.  With radi-
ography,  there are inevitably inter-observer and intra-
observer variations when measuring the angle from 
radiograph,  as well as posture variations when the 
radiography is performed.
　 In the present study,  2 cases of cubitus deformi-
ties were corrected by closed-wedge osteotomy based 
on surgical planning with preoperative correction 
angle estimation using 3D CT scans.  The corrected 
angles were compared with the planned correction 
angles,  and those angles were nearly identical for both 
cases.
　 To our knowledge,  this is the first study to use 
three-dimensional CT models in estimating the carry-
ing angle.  The proposed method for carrying angle 
estimation can be used to assess anatomical and func-
tional features of the elbow joint.  The method can also 
be combined with computer technologies to guide 
surgical navigation for better surgical outcomes [20].
　 We are currently working on a reliability assess-
ment with more demographic data by comparing the 
proposed method with conventional methods.  In our 
future work we will develop a preoperative simulation 
system by using rapid prototype technology.  Using the 
simulation system,  the surgeon can actually perform 
osteotomy on the prototype models of the bones,  as 
well as osteotomy simulation in a 3D virtual reality 
environment.  To further ensure surgical precision,  
we will investigate intraoperative surgical navigation 
using 3D digital measurement systems that which can 
guide the surgeon to perform preplanned procedures 
determined by surgical planning.
　 The application of the proposed method is limited 
to the CT scans of fully supinated and extended elbow 
joints.  Further study is needed to address the three-
dimensional relationship between the axes of the long 
bones and the rotational axis at the elbow joint,  which 
allows us to estimate the carrying angle independent 
of the posture of the arm.
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