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Exceptional bone density DXA values of the rostrum
of a deep-diving marine mammal: a new technical insight
in the adaptation of bone to aquatic life
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The use of dual energy X-ray absorptiometry (DXA) to
measure bone mineral density (BMD) has been applied to
several animal species to examine bone and body compo-
sition in longitudinal studies. Although the rat is the most
frequently used mammal in DXA-based investigations, the
BMD of several species of larger-sized nonhuman mam-
mals has already been reported [1]. Studies on a single
specific bone or total body BMD have been performed on
nonhuman primates [2, 3], sheep [4], bovine calves [5, 6],
horses [7], pigs [8], dogs [9, 10], cats [11], and striped [12]
and bottlenose dolphins [13]. All BMD values (expressed
as g/cm2) obtained from the species listed above ranged
between 0.463 (canine III metacarpal bone) and 2.12 (pig
skull). Other values to consider for reference are 1.1
(dolphin arm) and 1.85 (equine III metacarpal bone). In
terrestrial mammals, the most important intraspecific
factors affecting BMD are body weight and age, whereas
in aquatic mammals, the arm and forearm BMD correlated
to body dimensions and age of the animal [10–13].

For the first time, we radiographed the whole skull
and scanned by means of a DXA device (Hologic
QDR1000, Hologic Inc., Waltham, MA, USA) the rostrum
of a male Blainville’s beaked whale Mesoplodon densir-
ostris (Blainville, 1817). This specimen was found stranded
by Lamberto Loria in Papua New Guinea (ex British New
Guinea) at the end of nineteenth century and is now
preserved at the “G. Doria” Civic Museum of Natural
History in Genova (Italy) with the number MSNG 16. The
rostrum of M. densirostris is made up by maxillary and
premaxillary bones, pterygoids, palatines, and vomer and in
mature animals is supported axially by ossification of the
mesorostral canal. In adult males, the mesorostral ossifica-
tion is due to the gradual replacement of mesethoid
cartilage with secondary bone [14]. The rostrum consists
of dense Haversian tissue, the secondary osteons of which
are oriented longitudinally, themselves constituted by
hypermineralized parallel-fibered osseous tissue [15]. The
ultrastructure of the walls of the secondary osteons is
characterized by a strong volumetric reduction of the
collagenous network, composed by very thin fibrils
oriented longitudinally. The biomechanical behavior of the
rostrum is that of an exceptionally rigid, hard but also
apparently fragile material [15]. The BMD values of this
bone (2.612 to 2.686 g/cm3) obtained by simple measure-
ments based on Archimedes’s principle have been reported
as the highest values hitherto observed for mammalian bone
and the rostral mineralization has been quantified up to
22% above that of “normal” adult mammalian bone [15].

We divided the scan of our specimen into three regions
of interest (RoI) because the length of the bone exceeded
the DEXA-arm motion track (approximately 70 cm). The
proximal (pRoI), medium (mRoI), and distal RoI (dRoI)
were then scanned in a dorsoventral projection starting
from infraorbital foramina toward the foremost extremity of
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the rostrum, each corresponding to 1/3 of the rostrum
length.

The data we obtained, expressed as g/cm2, were (1)
pRoI=3,245, (2) mRoI=4,481, and (3) dRoI=3,543. We
are aware that as a consequence of the regional analysis of
the rostrum, we cannot obtain its precise and accurate
global average BMD; however, all the above regional
values and especially that referred to the mRoI indicate by
far the highest DXA density ever recorded for any species
(almost twice than the highest value previously reported for
a living structure). Furthermore, the inner portions of each
scanned region showed even more high values than those
reported for the corresponding global regional area (4,913,
5,701, and 5,024 g/cm2, respectively).

The hypothesis of an artifactual result is unlikely,
because (1) the accuracy and precision of our device is
checked on a regular basis by means of its own calibration
phantom (Hologic Calibration Phantom, Hologic Inc.,
Waltham, MA, USA), (2) although the exceptionally dense
values we obtained are “out of scale” referring to the
“normal” mammalian values, a specific function for
prosthetic analysis of the software in use allowed us to
analyze as bone also the densest part of the specimen
(Analysis Software Version 6.20 D, Hologic Inc., Waltham,
MA, USA), and (3) the scan of the pRoI was repeated with
repositioning of the specimen for control and the coefficient
of variation resulted less than 1%. Moreover, close gross
and radiographic scrutiny of the skull indicate the absence
of bone pathologies or mineralization disorders. Obviously,
the extremely high density of the rostral bones resulted
evident also at radiographic examination.

We are aware that the data we report here could not
represent the average values of BMD of the rostrum of the
male gender of M. densirostris. Unfortunately, this is the
only specimen available in our country (and an extremely
rare species in Mediterranean waters) so the lack of further
information cannot be supplied at present time.

Possible functional explanations for such bone density in
male specimens of the Blainville’s beaked whale may
include (a) the capability to sustain the full brunt of head-on
fighting that occurs in males, possibly even at considerable
depths, and (b) suction feeding in fish and squid hunting, a
process in which the powerful muscle insertions that are
typical of males (that are not able to fully open their mouth
because of the position of the huge single pair of
mandibular teeth) require robust skeletal basis. On the
other hand, the diving habits of this species [16] (capable of
long foraging dives below 1,400 m under sea level) should
not be considered as a specific factor. In fact, the presence
of areas of extremely high density in the fore skull may
facilitate fast perpendicular descent, thus reducing breath-
holding times that already exceed the theoretical aerobic
limits [17], but other beaked whales dive deeper and show

no comparable bone density in the rostrum. The role of
superdense bone in the peculiar patterns of echolocation
typical of this species remains to be investigated [18].

The aim of our report is to give a new and technically
sound insight in the actual relationship existing between the
bone density of the “normal” mammalian bone and that of
the already known mammal with the densest bone ever
recorded. Finally and specifically important for biological
applied investigations, we would like to stress that our
results have been obtained with a modern noninvasive
technique, routinely used in hospitals for the control of
human metabolic bone diseases. Therefore, this updated
and readily available technique can be safely applied to
museum specimens without risk of damaging unique and
valuable materials. Further researches on the accuracy and
precision of the technique are mandatory for the prosecu-
tion of such studies.
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