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Rib grafts in facial plastic surgery are becoming more frequently used. Small animal
models, although not ideal may be used to emulate costal cartilage-based procedures. A
surgical characterization of this tissue will assist future research in the selection of
appropriate costal segments, based on quantitative and qualitative properties. The
objective of this study is to assess the surgical anatomy of the rabbit costal margin and
evaluate costal cartilage for use in either in vivo or ex vivo studies and to examine
reconstructive procedures. Detailed thoracic dissections of 21 New Zealand white
rabbits were performed post-mortem. Costal cartilage of true, false, and ﬂoating ribs
were harvested. The length, thickness, and width at proximal, medial, and distal
locations of the cartilage, with perichondrium intact were measured. Further qualitative
observation and digital images of curvature, ﬂexibility, and segmental cross-sectional
shape were recorded. The main outcome measure(s) is to characterize, describe, and
assess the consistency of dimensions, location, and shape of costal cartilage. In this
study, 12 to 13 ribs encase the thoracic cavity. Cartilage from true ribs has an average
length, width, and depth of 23.75  0.662, 3.02  0.025, and 2.18  0.018 mm,
respectively. The cartilage from false ribs has an average length, width, and depth of
41.97  1.48, 2.00  0.07, 1.19  0.03 mm, and that of ﬂoating ribs are 7.66  0.29,
1.98  0.04, and 0.96  0.03 mm. Rib 8 is found to be the longest costal cartilage
(49.10  0.64 mm), with the widest and thickest at ribs 1 (3.91  0.08 mm) and 6
(2.41  0.11 mm), respectively. Cross-sectional segments reveal the distal cartilage to
maintain an hourglass shape that broadens to become circular and eventually ovoid at
the costochondral junction. The New Zealand white rabbit is a practical source of costal
cartilage that is of sufﬁcient size and reproducibility to use in surgical research where the
long-term effects of operations, therapies, devices, and pharmacologic on cartilage can
be studied in vivo.

Cartilage grafts obtained from the costal margin are frequently
used in facial reconstruction providing durable bulk with
minimal resorption as this source provides a large reservoir

Issue Theme Classical and State-of-theArt Skin Rejuvenation; Guest Editors,
Lisa D. Grunebaum, MD, and Noëlle S.
Sherber, MD, FAAD

of accessible cartilage.1–4 To evaluate new technologies, pharmacologic, and biomedical devices aimed at treating or modifying costal cartilage, studies often require long-term,
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Rabbit Anatomy
Similar to humans, the rabbit rib cage is a bony cartilaginous structure that encases the thoracic cavity. Supporting
the pectoral girdle, the thoracic cage also provides attachments to the muscles of the head, neck, thorax, and abdomen. New Zealand white rabbits have been found to have 12
or 13 ribs based on the individual’s genetic makeup.12 On
the basis of their anterior attachment, as described in
humans, ribs are classiﬁed into three types: true, false,
and ﬂoating.13 Ribs 1 to 7 comprise the true ribs, articulating with the sternum at synovial sternocostal joints. The
false ribs, numbers 8 to 10, articulate anteriorly with the
costal cartilages of the adjacent superior rib pair. The 11th,
12th, and, if available, 13th rib pairs are ﬂoating ribs and do
not articulate anteriorly.

weighing 3.9 to 4.1 kg and aged 14 to 16 weeks. Reﬂecting
skin, pectoralis muscles, and rectus abdominis, careful exposure of the anterior rib cage and costal margin from the
xiphoid process to the posterolateral aspect of the thorax was
performed.

Anatomic Measurements
Costal cartilage, bounded by sternum and costochondral
junction, was harvested and classiﬁed as true, false, or
ﬂoating ribs. The length (measured medial to lateral), width
(measured superior to inferior), and depth (measured anterior to posterior) of costal cartilage were recorded at proximal, medial, and distal locations, with perichondrium intact
(►Fig. 1). Calculating the product of the three dimensions
recorded approximated the volume of each costal cartilage
segment.

Qualitative Observations
Each costal cartilage level was divided at 2-mm intervals to
assess the curvature and cross-sectional geometry of the
tissue (►Fig. 2). Subjective assessment of resistance to
dorsal–ventral ﬂexion was noted following excision of costal
cartilage tissue.

Results
Anatomic Findings
Cartilage from the true ribs has an average length, width, and
depth of 23.75  0.66, 3.02  0.03, and 2.18  0.018 mm,
respectively. The cartilage from false ribs has an average
length, width, and depth of 41.97  1.48, 2.00  0.07, and
1.19  0.03 mm, and that of ﬂoating ribs are 7.66  0.29,
1.98  0.04, and 0.96  0.03 mm. Rib 8 is found to be the
longest costal cartilage (49.10  0.64 mm), with the widest
and thickest at ribs 1 (3.91  0.08 mm) and 6 (2.41  0.11
mm), respectively. Rib 7 contains the greatest amount of
cartilage by volume at 327.81 mm3. All quantitative data,
including volumetric estimation, are compiled and presented
in ►Tables 1 and 2 and ►Fig. 3.

Methods
Detailed thoracic dissections of 21 freshly euthanized New
Zealand white rabbits from the Institutional Animal Care
and Use Committee approved protocols were performed,
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Fig. 1 Posterior view of the rabbit rib cage. Those attached to the
sternum are true ribs. The remaining are false ribs.
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metabolically active in vivo tissue investigations. Animal trials
therefore are necessary for the assessment of long-term tissue
behavior, analysis of injury, and in vivo clinical validity of an
emerging technology. Although a variety of animal models
exist for facial surgery, one must make selections based on
characteristics that are similar to the object of previous
experimentation and that at least grossly approximates what
can be expected in humans.5
Although cartilage may be found in many locations, the
most abundant source of utilizable cartilage is the rib cage.
Although all mammals have costal cartilage, as ex vivo
surgical models, porcine and bovine costal cartilage most
closely mimic their human counterparts in terms of their
ability to be carved, sutured, and reshaped with form factor
grossly approximating that of humans, and are ideal for
training surgeons how to cut and shape grafts. In vivo studies
utilizing large mammals, however, are not always practical
due to the substantial costs, and survival studies are a logistic
and economic challenge. Medium-sized animals, in contrast,
are more practical alternative to mimic costal cartilage-based
procedures, particularly to evaluate new instrumentation,
pharmaceuticals, or tissue engineered technologies, however,
they are accompanied with increasing ethical concerns.6 As
dogs and cats are domestic, companion animals, biomedical
ethics and negative public perception have limited their use
in medical research, hence attention has been focused on the
rabbit as an appropriate medium-sized animal.7,8
The New Zealand white rabbit (Oryctolagus cuniculus) is
well established as a viable model for the development and
validation of novel reconstructive surgical techniques in a
variety of surgical ﬁelds including craniomaxillofacial surgery
and rhinoplasty with the use of rabbit septum.9–11 Despite
the prevalence of in vivo and ex vivo studies, the surgical
anatomy of the rabbit costal cartilage for reconstructive
studies has yet to be characterized.
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Fig. 2 The medial surface of 2-mm interval cross sections of rib 6 is outlined with a dashed line. Segment “a” begins at the costosternal junction
and “f” terminates at the costochondral joint.

Qualitative Observation
Cross-sectional cartilage segments beginning medially reveal
an hourglass shape that broadens to become circular and
eventually ovoid at the costochondral junction. Contributing
to this geometry is the increasingly linear portions of costal
cartilage when beginning with the medial border that increasingly delay a point of inﬂection when progressing

inferiorly. Progressing in a similar fashion, costal cartilage is
more amenable to ﬂexure as one advances caudally.

Discussion
Used as a large source of rigid, yet easily contoured tissue,
costal cartilage has long been used for grafting in the hands of

Table 1 Dimensions and volume for each costal cartilage segment
Rib segment

Length  standard
error (mm)

Depth  standard
error (mm)

Width  standard
error (mm)

Volume (mm3)

Rib 1

12.47

0.22

2.23

0.03

3.91

0.05

108.57

Rib 2

14.78

0.25

2.02

0.03

2.66

0.04

79.59

Rib 3

17.31

0.21

2.05

0.05

2.75

0.04

97.6

Rib 4

21.05

0.24

2.11

0.04

2.86

0.05

126.81

Rib 5

25.13

0.31

2.15

0.05

2.97

0.06

160.56

Rib 6

31.05

0.43

2.28

0.05

2.95

0.07

209.11

Rib 7

44.25

0.74

2.41

0.06

3.08

0.08

327.81

Rib 8

49.1

0.64

1.45

0.04

2.25

0.12

160.08

Rib 9

47.60

0.73

1.09

0.05

1.8

0.11

93.53

Rib 10

21.69

3.1

0.89

0.05

1.84

0.09

35.67

Rib 11

7.96

0.55

0.93

0.05

1.92

0.08

14.28

Rib 12

7.72

0.58

0.96

0.05

2.1

0.08

15.51

Rib 13

7.27

0.39

0.89

0.05

1.93

0.05

12.5

Table 2 Dimensions categorized by surgical anatomy
Rib segment

Length  standard
error (mm)

Depth  standard
error (mm)

Width  standard
error (mm)

True ribs (ribs 1–7)

23.72

0.66

2.18

0.02

3.02

0.03

False ribs (ribs 8–10)

41.89

1.47

1.19

0.03

2.0

0.07

Floating ribs (ribs 11–13)

7.65

0.29

0.93

0.03

1.98

0.04
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reconstructive experimentation. In assessing the rib cage,
the costal cartilage progressively grows in length until reaching a maximum length of 49.10  0.644 mm. The false ribs
then decrease in size, ►Fig. 3. The calculated volume in each
cartilaginous segment mimics the trend seen with length,
while depth and width measurements remain consistent for
each of the true, false, and ﬂoating ribs.
The consistency of measurements, as calculated by the
standard error of the mean can be largely attributed to the
similarity in age and weights of the rabbits used. Remaining
variance, as Masoud et al investigated, can be contributed to
skeletal development that is more accurately assessed by
body length than weight.25 Variance in subjectivity of ﬂexion
may also be present as rib cartilage has a tendency to calcify
with age.26 Despite minor variation in previously studied
subjective qualities,25,26 the results described demonstrate
reproducible tissue characteristics, with the potential for
broad application to the New Zealand white rabbit
population.
Although our results aid future animal model reconstructive studies, further longitudinal growth data on body weight
and length in relation to costal cartilage dimensions would
allow for more precisely timed interventions. Furthermore, a
quantitative approach in the assessment of tissue resistance
to ﬂexure would better characterize this property. A technique used by Oliaei et al has demonstrated that an integrated
elastic modulus can be calculated through the measurement
of displacement and reactive force produced following specimen mechanical deformation.27 These recommendations
would more accurately characterize costal cartilage properties in future experimental investigations.
Fig. 3 Graphical representation of length, width, depth, and volume.
Standard error of the mean is depicted by error bars atop each rib
segment.

surgeons.1 Although resorption rates have been shown to be
low,9,14 its tendency to warp can complicate ideal results.
Various techniques have shown that the selection of appropriate costal cartilage segments will minimize these adverse
effects; namely, the selection of segments that contains large
cross sections of centrally located tissue.15,16 Used widely in
secondary rhinoplasty operations, merging technologies and
therapeutics along with innovative surgical procedures are
being developed to expand the use of this tissue, and better
prepare it for use in the head and neck.17–19 Clinical studies
on the use of costal cartilage have grown exponentially.17,20,21 Accordingly, research on costal cartilage dynamics
increased as well.21–24
With the related costs of care, feeding, and management
for larger animals and a relatively large amount of tissue as
specimen, in vivo studies on costal cartilage have largely used
the medium-sized, New Zealand white rabbit for research. To
better guide investigators in the selection and utilization of
the appropriate costal cartilage segment, a characterization of
this tissue in the rabbit model is necessary.
This study demonstrates that the New Zealand white
rabbit has ample costal cartilage for in vivo and ex vivo

Conclusion
The New Zealand white rabbit proves to be an excellent,
inexpensive source of costal cartilage appropriate for reshaping in in vivo studies. Although this animal model has been
extensively used as a surgical model in facial plastic surgery,
little has been done to characterize or describe its costal rib
cartilage. The consistency of measurements across a large
sample size demonstrates the reproducible anatomy found in
this animal model. Characterization of the dimensions, location, shape, and relative ﬂexibility of costal cartilage will aid
future studies aimed at better understanding the biology and
physiology of costal cartilage graft behavior.
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