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diagnosis and clinical significance

Jo Appleby, Piers D Mitchell, Claire Robinson, Alison Brough, Guy Rutty, Russell A Harris, David Thompson, Bruno Morgan

Richard III was king of England from 1483 to 1485, after
declaring his nephew, Edward V, illegitimate. On Aug 20,
1485, Richard was killed in battle with the rebel
Lancastrian claimant Henry Tudor at Bosworth. His body
was carried back to Leicester and buried in the Greyfriars
Minor Friary, where it remained until its excavation in
2012, when it was seen to have a severe scoliosis.’

Famously, Shakespeare described Richard III as
“hunchbacked” in his eponymous play of 1593. There has
been  considerable disagreement whether this
“hunchback” was real or an invention of his enemies
after death, with political motivations. However, the
chronicler John Rous wrote around 1490 that Richard
“was small of stature, with a short face and unequal
shoulders, the right higher and the left lower.” This
description is compatible with the presence of a right-
sided scoliosis.

We analysed the skeleton macroscopically for evidence
of spinal curvature and related lesions. From CT 3D
reconstructions of each bone, we created polymer
replicas and built a model of the spine to recreate its
alignment in life (figure, appendix).

The apex of the right-sided thoracic curve noted at
excavation was at vertebrae T8-T9. The Cobb angle;
determined from vertical excavation photos, was 75°
from the upper border of T6 to the lower border of T11.
Since this was measured supine, whereas clinical angles
are taken standing, we estimate the Cobb angle to have
been in the range 70-90° during life. The curve was well
balanced, with cervical and lumbar spines reasonably
well aligned (King Moe type 3).* Abnormalities of
individual vertebrae (eg, wedging of vertebral end plates,
lateral angulation of spinous processes, asymmetry of
facet joints) were restricted to the thoracic region
(appendix). The foramen magnum was normal in size
and shape. The 3D reconstruction closely matches the
2D images recorded at excavation, and shows the spiral
nature of the scoliosis (appendix, video).

Determining the cause of Richard’s scoliosis allows us
to estimate the age at which it developed, and how it may
have affected him. Since the spinal ligaments are some
of the last to decompose after death, and in this case had
partly ossified, the position of the vertebrae should show
only minimum change from the time of burial, having
been surrounded by soil. Such small change is supported
by the similarity to the reconstructed model, which relied
on joint morphology to determine each joint position.
The absence of structural spinal abnormalities, such as
hemivertebrae and unilateral bars, makes congenital
scoliosis improbable. Neuromuscular causes, such as
cerebral palsy, are unlikely because of the normal

structure, muscle markings, and cortical thickness of the
legs and hips, compatible with a normal weight-bearing
gait. Skeletal changes associated with syndromes such as
Marfan’s (eg, high arched palate and tall stature) were
not present, and a normal foramen magnum makes a
Chiari malformation unlikely. The subtle nature of the
changes in vertebral anatomy suggest onset in the last
few years of growth, which is compatible with adolescent
onset idiopathic scoliosis, probably starting after 10 years
of age.

The physical disfigurement from Richard’s scoliosis
was probably slight since he had a well balanced curve.
His trunk would have been short relative to the length of
his limbs, and his right shoulder a little higher than the
left. However, a good tailor and custom-made armour
could have minimised the visual impact of this. A curve
of 70-90° would not have caused impaired exercise
tolerance from reduced lung capacity,” and we identified
no evidence that Richard would have walked with an
overt limp, because the leg bones are symmetric and well
formed.
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