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Abstract

Purpose The purpose was to study the anatomy of the
humeral head, more specifically the retroversion of the
humeral head and the orientation of the intertubercular
sulcus, using CT scan, and to make correlations between
those two entities of the proximal humerus.

Methods Sixty dry adult humeri from an osteological
collection underwent CT scan from the proximal to the
distal extremity. The measurements obtained by CT-ref-
ormation were recorded by two independent radiologists.
We determined the humeral head axis, the transepicondylar
axis, the retroversion of the humeral head, and the orien-
tation of the intertubercular sulcus (ITS). Statistical ana-
lysis using SPSS determined the Pearson correlation
coefficient.
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Results The CT scan measurements were similar to those
in the literature, and thus allowed us to validate CT scan
assessment. Statistical analysis showed a significant
reverse correlation [the coefficient of correlation was
—0.37 (p = 0.004)] between the retroversion of the hum-
eral head and the orientation of the intertubercular sulcus:
the more the retroversion of the humeral head increases,
the more the angle of the orientation of the ITS decreases.
Conclusions To the best of our knowledge, this reverse
correlation between the retroversion of the humeral head
and the orientation of the intertubercular sulcus has never
been described. This new anatomical data might be helpful
for orthopedic surgery.

Keywords Humeral head - Anatomy - Intertubercular
sulcus - CT scan

Introduction

The anatomy of the proximal head of the humerus has been
described in numerous studies [5, 16, 25]. The retroversion
of the humeral head and the orientation of the intertuber-
cular sulcus are two bony features of the proximal humerus
that may be considered in the pathogenesis of chronic
anterior shoulder instability [4, 6-8].

The aim of our work was to add possibly critical
information to the knowledge on humeral head anatomy,
which might help in orthopedic surgery. In addition to
addressing methodological issues such as how to determine
the retroversion of the humeral head by CT scan, we pro-
pose new, practically relevant measures such as the ori-
entation of the intertubercular sulcus, using an easy
method. Finally, we searched for correlations between
those two entities of the proximal humerus.
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Materials and methods

We collected 60 dry adult humeri. This series was consti-
tuted by skeletons preserved in the department of biologi-
cal Anthropology at our institution. The 60 dry adult
humeri were analyzed by multiplanar computed tomogra-
phy (CT) (Elscint CT Twin; Marconi, Haifa, Israél). CT
data were transferred to a workstation (Silicon Grafics;
Sunnyvale, CA) for multiplanar CT-reformation. The
measurements obtained by CT-reformation were recorded
by two independent radiologists in the following way. The
humeral head axis was defined as that perpendicular to the
anatomical neck taken to the periphery of the articular
cartilage. However, this study was performed on dry bones
so we used the subchondral plate instead of the articular
cartilage as the landmark. The subchondral bone plate
consists of two mineralized layers, which together form a
single unit separating the articular cartilage from the bone
marrow [17]. There is a discrete band of mineralized car-
tilage on the articular side of the plate of the line of contact
between plate and cartilage, which is well visualized on CT
scan.

The transepicondylar axis was defined by a line joining
the most medial and the most lateral extremities of the
distal humerus. The angle of humeral retroversion is the
angle between the humeral head axis and the transepic-
ondylar axis (Fig. 1).

We measured the ITS width on a horizontal CT-refor-
mation in a plane passing by the greater and lesser tuber-
cles and the intertubercular sulcus. The line perpendicular
at the intertubercular line is the ITS axis. Intertubercular
sulcus orientation was defined by the angle between the
intertubercular sulcus axis and the humeral head axis
(Fig. 2).

The correlation between humeral head retroversion and
the intertubercular sulcus orientation was analyzed using
Pearson correlation coefficient. Statistical analysis was
conducted using SPSS for Windows. The correlation was
considered significant if the p value was lower than or
equal to 5 %.

Results

The results (mean values) are from 60 dry adult humeri.
The mean retroversion angle of the humeral head in rela-
tion of the transepicondylar axis was 12.3°. The mean ITS
orientation was 40.7°. The Pearson correlation coefficient
between the retroversion of the humeral head and the
ITS orientation was —0.37 (95 % confidence interval
= [-0.974; —0.11] and p = 0.004). There was an inverse
correlation between the retroversion of the humeral head
and the ITS orientation (Table 1 and Fig. 3).

@ Springer

Fig. 1 Humeral retroversion on CT scan reformation. a humeral head
axis (AA’) is the line perpendicular to the anatomical neck taken to
the periphery of the subchondral plate. b the transepicondylar axis
(CC’) is the line joining the most medial and the most lateral
extremities of the distal humerus. ¢ The angle of humeral retroversion
(o) is the angle between the humeral head axis (AA’) and the
transepicondylar axis (CC’)

Measurements by two independent musculoskeletal
radiologists, with 6 and 20 years of experience, were
recorded for each humerus. No significant intraobserver
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Fig. 2 Intertubercular sulcus orientation. The ITS axis (EE’) is the
line perpendicular at the intertubercular line (DD’). ITS orientation
(B) was defined by the angle between the intertubercular sulcus axis
(EE’) and the humeral head axis (AA")

Table 1 Pearson correlation coefficient between the retroversion of
the humeral head and the ITS orientation

N Mean £ SD Median
[IQR]

In degree Min Max

Retroversion humeral 60 12.3 &= 7.9 10[7;,17.5] 2 45
head
ITS orientation 60 40.7 £ 13 40 [30; 50] 14 70
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Fig. 3 Reverse correlation between the retroversion of the humeral
head and the ITS orientation

variability or interobserver variability was found using
ANOVA test with a significance level at 0.05.

Discussion

In our study, the mean humeral retroversion angle of
12.31° confirms other anatomical studies, which found
mean normal values that were quite variable, from 9° to
40° [3, 6]. This variation is due to several factors, including
the definition of humeral head retroversion, different
methods of measurement, ranges of normal values, and
accuracy of anatomic landmarks to guide determination of
anatomic retroversion. Humeral head retroversion is gen-
erally defined with respect to the plane of the humeral head
articular surface proximally; distally, however, the refer-
ence axis has been debated, including the transepicondylar
axis [3, 4, 8], trochlear tangent axis [7, 9, 14, 19] and
forearm axis [8, 18]. Methods of measurement have
included direct anatomic [13, 15], radiographic [4, 14],
ultrasound [10], computed tomography scan [3, 8], MRI
[6], and computer-assisted methods [5, 19, 21, 22]. Boileau
et al. [2] showed that the radiographic method overesti-
mated the humeral head retroversion relative to the com-
puter-assisted method. However, there was no difference
between humeral head retroversion obtained by the CT
scan method, the direct method, and the computer-assisted
method.

In our study, the mean ITS orientation was 40.7°. We
defined ITS orientation as the angle between the intertu-
bercular sulcus axis and the humeral head axis. Rockwood
et al. [23] found a mean ITS orientation of 45°. Many
authors studied the anatomy of the intertubercular sulcus
[19, 21, 24], and some tried to define the relation with the
humeral head retroversion [3, 6, 12]. Doyle and Burks [6]
measured the distance from the biceps groove to a line
perpendicular to the midpoint of the humeral articular
surface. Then they studied the relation between the biceps
distance and the retroversion angle of the humeral head.
They found that the biceps distance average was 11.8 mm,
whereas retroversion average was 26.8°. They concluded
that placing the fin of a humeral head implant 12 mm
posterior to the biceps groove reproduces normal anatomy
better than the use of an arbitrary standard of 30°—40°
retroversion.

Cassagnaud et al. [3] measured the intertubercular sul-
cus and transepicondylar axis creating the angle of later-
alization of the intertubercular sulcus. This method requires
choosing four CT sections and superimposing them on a
single plane. The average values of lateralization of the
intertubercular sulcus were between 115° and 122°.

Our method of measurement seems easier, logical and
reproducible. Furthermore, we found an inverse correlation
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between the retroversion of the humeral head and the ITS
orientation. The more the retroversion of the humeral head
increases, the more the ITS orientation angle decreases.
This inverse correlation highlights the intervention of the
tendon of the long head of the biceps in the mechanism of
the retroversion of the humeral head. The biceps brachii
muscle is generally considered to be a supinator of the
forearm and a flexor of the elbow. However, the biceps
crosses the glenohumeral joint and the elbow. As it passes
to its insertion in the supraglenoid region, the tendon of the
long head of the biceps occupies an intra-articular position
in the shoulder. Some authors demonstrated that the long
head of the biceps may function to stabilize the glenohu-
meral joint [11, 18, 20]. It has been suggested that using the
bicipital groove as a landmark for placing the prosthesis
might reproduce normal anatomy [1]. Indeed, the anatomy
of the proximal humerus was highly variable for medial
offset, tuberosity offset, and retrotorsion [9]. Yet, the
practically relevant variance was minimal for the inclina-
tion of the humeral head, the head radius—height ratio, and
the distance between the bicipital groove to the equator [9].
These findings have pertinent implications for prosthetic
design and implantation. Our study is the first that shows an
inverse correlation between the humeral head retroversion
and the intertubercular sulcus orientation. This anatomical
datum could help in the design of humeral head prostheses.

However, several limitations may be considered inher-
ent to the materials and methods. The anthropometric angle
measurements were made using CT scan imaging. Thus,
our data were not directly obtained from cadaver dissec-
tion, but from multiplanar CT-reformation. However, CT
scan imaging facilitated precise and reproducible drawing
of the axis and angles.

Another limitation is the low number of humeri: another
study including a higher number of humeri could confirm
this reverse correlation and find a better coefficient of
correlation, closer to —1. Finally, this is an anthropometric
study but such measurements could be easily realized for
patients who undergo shoulder CT scan before prosthesis,
by making an additional low-dose section on the epicon-
dyle, after the authorization of patients and ethics
committees.

Conclusion

The measurements of humeral retroversion and the int-
ertubercular sulcus orientation by the CT method are easy
to realize and in agreement with the data of the literature.
There is a reverse correlation between the retroversion of
the humeral head and the orientation of the intertubercular
sulcus. To the best of our knowledge, this is the first study
to describe this correlation. These additional anatomical
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data might improve knowledge of the humeral head anat-
omy and be helpful for orthopedic surgery.
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