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ABSTRACT
Background: Several studies have documented anatomical variations of
the sternum. Because of its central role as an anchor of various abdominal
muscles we have investigated a possible correlation between xiphoid length
and body habitus indices, in both males and females.
Method: Measurements of sternal length were obtained prior to median
sternotomy during cardiac surgery. Body Surface Area (BSA) was calculated
from height and weight, using standard tables. A xiphoid 1cm or less in

length was considered vestigial.
Results: The xiphoid was significantly longer in males. There was a positive
significant correlation between xiphoid length and patient height and BSA
in males, but not in females. Vestigial xiphoid was significantly commoner
in females.
Conclusion: Our results demonstrate a marked gender difference in xiphoid
morphology, with proportional scaling only exhibited in males. The absence
of this scaling in females suggests an alternative mechanism behind vestigial
xiphoid.
Key Words: Xiphoid; Body habitus; Gender

INTRODUCTION

T

he xiphoid process, or xiphisternum, is attached to the inferior end of the
body of the sternum, and serves as an anchor for the rectus abdominis
and the oblique and transversus abdominis muscle aponeuroses, the linea
alba and slips of the diaphragm. The infant cartilaginous xiphoid ossifies
progressively in a cranio-caudal direction and the xiphi-sternal joint fuses in
later life [1]. The word xiphoid in Greek means resembling a sword, but its
morphology exhibits wide variation, from long and slender, to short and even
vestigial or absent [2]. It may be bifid, deflected and even perforated and is
the most variable sternal component [3]. Some variations may have clinical
implications [4,5].
Allometry refers to the study of how a body part scales up with the whole body
mass. This relationship was first defined by Snell but the current widened
definition includes the study of how biological processes scale with each other
[6,7]. In this study we set out to investigate a possible correlation between
xiphoid length and body habitus, as defined by body height and BSA, as well
as any gender differences in xiphoid size.

METHODS

Figure 1) Xiphoid was measured with a sterile rule from base to tip.

886 consecutive patients undergoing cardiac surgery via median sternotomy
were entered into this study. A midline incision from the manubrio-sternal
junction to the tip of the xiphoid was deepened to the periosteum. Inferiorly
the aponeurotic attachments were divided to enable finger blunt dissection
of the retro-sternal space. Prior to median sternotomy (which proceeded from
the xiphoid upward using an air-powered jigsaw) the xiphoid was measured
with a sterile rule from base to tip (Figure 1). Measurements were recorded
to the closest 0.5cm. The xiphoid was considered vestigial when it measured
1cm or less. BSA was calculated from standard tables, based on the Du Bois
formula [8].

was 1.83 ± 0.19 m2 (males 1.88 ± 0.17m2, females 1.67±0.17 m2 p<0.001).
Xiphoid length (centimetres) was 2.77 ± 1.5 cm (males 3.27 ± 1.23 cm,
females 1.37 ± 1.32 cm p<0.001). Mean height, BSA and xiphoid length of
males was significantly greater than that of females.

The Independent samples t-test was used to compare means of continuous
variables between two groups. The Chi squared test was used to investigate the
association between categorical variables in different groups. Relationships
between two continuous variables were assessed using the Pearson Correlation
Test.

RESULTS
There were 650 males and 236 females and mean age was 64.4 ± SD10.7
years (males 63.9 ± 10.0, females 65.9 ± 12.2, p=0.013). Mean age of females
was significantly greater than that of males. Patient height (metres) was 1.63 ±
0.10 m (males 1.67 ± 0.08 m, females 1.54 ± 0.08 m p<0.001). BSA (metres2)

There was a significant positive relationship between xiphoid length and
body height in males (Pearson Correlation 0.094, p=0.016). There was no
correlation between xiphoid length and body height in females (Pearson
Correlation -0.028, p=0.668).
There was a significant positive relationship between xiphoid length and BSA
in males (Pearson Correlation 0.107, p=0.006). There was no correlation
between xiphoid length and BSA in females (Pearson Correlation 0.049,
p=0.457).
The overall incidence of vestigial xiphoid was 110/887 or 12.41% with
marked gender differences (males 19/650 or 2.93%, females 91/236 or
38.56% Chi squared=201.874, p< 0.001). The incidence of vestigial xiphoid
was significantly higher in females.

DISCUSSION
Body Surface Area rather than Body Mass Index was chosen as it more
truly reflects body size [9]. Because of its numerous muscle attachments, we
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postulated that more robust abdominal muscles in a larger body might be
associated with a longer xiphoid.
Allometry is the study dealing with the differential growth rates of parts of
a living organism as well as shape differences in terms of ratios to the body
dimensions. Isometric scaling describes the preservation of proportional
relationships in different body sizes. In our study females exhibited negative
allometry of the xiphoid when compared with males.
The correlation with body length and with BSA was strong in males but
absent in females. Vestigial xiphoid was therefore not simply a short xiphoid
in a diminutive body. Had this been the case, the incidence of vestigial
xiphoid would have been highest in persons of short stature, with an inverse
relationship to body height. This was not the case, in neither males nor
females (Figure 2). The strong association of vestigial xiphoid (length ≤1 cm)
with female gender suggests an alternative process.
Bone size and muscle mass and their correlation with handedness has been
studied in adult upper limbs [10] as well as in fetuses [11] and the results
suggest an inherited causation. The marked gender differences in our study
also suggest an inherited basis.

CONCLUSION
Xiphoid length versus body height and body surface area exhibited a strong
correlation in males, but not in females. The presence of vestigial xiphoid
was significantly commoner in females, far outweighing the effect of body
size.
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