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CT Scanner Captures Entire Woolly Mammoth Tusk

Released: August 9, 2022
At A Glance

o For the first time, researchers successfully captured CT images of an entire woolly mammoth tusk.

o With earlier CT scanners, it was not possible to scan a whole tusk in toto without the need for fragmentation.

o Using the larger-gantry CT scanner, researchers were able to capture a clear image of the interior of the nearly 7-foot tusk and estimated the minimum
age of 32 years at the time of death.

OAK BROOK, Ill. — For the first time, researchers successfully captured CT images of an entire woolly mammoth tusk, according to a new “Images in
Radiology” article published in the journal Radiology—the premier journal of the Radiological Society of North America (RSNA). Researchers were able to

do a full scan of the tusk in its entirety—or in tofo—using a newer clinical CT scanner. The new technology allows for large-scale imaging without having
to do multiple partial scans.
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“Working with precious fossils is a challenge since it is important not to destroy or harm the specimen,” said the article’s senior author, Tilo Niemann,
M.D., head of CT, and cardiac and thoracic radiology in the Department of Radiology at Kantonsspital Baden in Baden, Switzerland. “Even if there exist
various imaging techniques to evaluate the internal structure, it was not possible to scan a whole tusk in toto without the need for fragmentation or at least
having to do multiple scans that then had to be painstakingly assembled.”

The extinct woolly mammoth (Mammuthus primigenius) was the size of a modern-day African elephant and lived throughout Eurasia and North America.
Most of the woolly mammoths went extinct with the conclusion of the last Ice Age, and the last specimens lived approximately 6,000 years ago. They
belong to the order Proboscidea, which includes today’s elephants as well as other extinct mammoths, mastodons and gomphotheres.

Mammoths were covered in fur and had small ears and a small tail to abate frostbite. They also had tusks that they used for scraping bark off trees, digging
on the ground for food and fighting. The tusks of proboscideans have allowed researchers to determine the age and identification of specific life-altering
occurrences based on annual growth increment analysis.

Newer CT scanners have larger gantries, which is the ring or cylinder into which a patient, or in this case the tusk, is placed. The introduction of larger
gantries now allows the opportunity for scanning larger objects that was not possible before, Dr. Niemann noted.

The tusk that the researchers examined was found in central Switzerland and excavated by the heritage and archaeology office of Canton Zug. The tusk is a
total of 206 centimeters (cm) in length—nearly 7 feet. It has a basal (measurement at the base) diameter of 16 cm—just over 6 inches. The total object
diameter—taking into account its helical, or spiral, curvature—is 80 cm, or just over 2.5 feet.

Tusks mostly consist of two types of material: cementum, a bonelike substance, and dentin, which lies beneath the cementum and accounts for the majority
of the tusk’s mass. Mammoth tusks are internally structured by annual increments of dentin apposition which, when viewed in longitudinal section (as
opposed to cross-section), resemble cone-shaped cups stacked on top of one another. The first “cone” a mammoth creates forms the tip of the tusk, while
the cone at the tusk base is the most recent, generated just prior to the animal’s death. The cones in between are formed throughout the mammoth’s
lifetime.

Using the larger-gantry CT scanner, researchers, in collaboration with the Institute of Evolutionary Medicine, University of Zurich, were able to capture a
clear image of the entire tusk’s interior.

“It was fascinating to see the internal structure of the mammoth tusk,” Dr. Niemann said.

The researchers found a total of 32 cones, resulting in a minimum age of 32 years at the time of death. Even though the mammoth tusk is well-preserved, it
is missing the tip, so the estimate obtained is slightly below the actual age of the animal at the time of death.

“Our mammoth had died at the age of around 32 years, approximately 17,000 years ago,” Dr. Niemann said.

“CT-based Age Estimation of a Mammoth Tusk.” Collaborating with Dr. Niemann were Patrick Eppenberger, M.D., Renata Huber, M.A., Jochen
Reinhard, M.A., Prof. Frank Riihli, M.D., and Prof. Rahel A. Kubik-Huch, M.D.

Radiology is edited by David A. Bluemke, M.D., Ph.D., University of Wisconsin School of Medicine and Public Health, Madison, Wisconsin, and owned
and published by the Radiological Society of North America, Inc. (https:/pubs.rsna.org/journal/radiology)

RSNA is an association of radiologists, radiation oncologists, medical physicists and related scientists promoting excellence in patient care and health care
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delivery through education, research and technologic innovation. The Society is based in Oak Brook, Illinois. (RSNA.org)

For patient-friendly information on CT, visit RadiologyInfo.org.

Video (MP4):

Video 1. 3D animation of the woolly mammoth.
Download

Video 2. 3D animation of mammoth tusk.
Download

Download

Video 5. The researchers positioning the woolly mammoth tusk in the CT. Video provided by Dr. Tilo Niemann and used with permission.
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Images (JPG, TIF):
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Figure 1. Photograph of the positioning of the woolly mammoth tusk in the scanner. The tusk was fixed in a fiberglass frame to guarantee transport and
table-movement stability. There was 1 cm of clearance within the gantry bore.

High-res (TIF) version
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Figure 2. Images in tusk of the woolly mammoth. (A) Volume-rendering reconstruction shows the dentin conal structure of a mammoth tusk for age
determination. (B) Illustration of the dentin conal structure of a mammoth tusk. (C) Curved-planar reconstruction CT image centered in the tusk, with
orange lines representing the level of perpendicular sections corresponding to images D-F. (D-F) Cross sections of CT images show concentric fissures in
the dentin, with (E) mild artifact in the most peripheral scan field.

High-res (T1F) version
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Figure 3. Images in tusk of the woolly mammoth. Image provided by Dr. Tilo Niemann and used with permission.
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Figure 4. Photograph of the positioning of the woolly mammoth tusk in the scanner. Image provided by Dr. Tilo Niemann and used with permission.
High-res (TIF) version
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Figure 5. Volume-rendering reconstruction shows the dentin conal structure of a mammoth tusk for age determination. Image provided by Dr. Tilo

Niemann and used with permission.
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Figure 6. Photograph of the positioning of the woolly mammoth tusk in the scanner. Image provided by Dr. Tilo Niemann and used with permission.

High-res (T1F) version
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Figure 7. Photograph of the positioning of the woolly mammoth tusk in the scanner. Image provided by Dr. Tilo Niemann and used with permission.
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Figure 8. Photograph of the positioning of the woolly mammoth tusk in the scanner. Image provided by Dr. Tilo Niemann and used with permission.

High-res (TIF) version
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Figure 9. Photograph of the positioning of the woolly mammoth tusk in the scanner. Image provided by Dr. Tilo Niemann and used with permission.
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Figure 10. Photograph of the woolly mammoth tusk in the scanner. Image provided by Dr. Tilo Niemann and used with permission.
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Figure 11. The woolly mammoth tusk. Image provided by Dr. Tilo Niemann and used with permission.

High-res (TIF) version
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Figure 12. The woolly mammoth tusk. Image provided by Dr. Tilo Niemann and used with permission.

High-res (TTF) version
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Figure 13. Photograph of the positioning of the woolly mammoth tusk in the scanner. Image provided by Dr. Tilo Niemann and used with permission.
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Figure 14. Photograph of the positioning of the woolly mammoth tusk in the scanner. Image provided by Dr. Tilo Niemann and used with permission.
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Figure 15. Images in tusk of the woolly mammoth. Image provided by Dr. Tilo Niemann and used with permission.
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