SPINE Volume 28, Number 20, pp 2426-2431
©2003, Lippincott Williams & Wilkins, Inc.

Historical Perspective

Carl Nicoladoni and His Contributions to Scoliosis
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Paris, the unquestioned leader of world medicine during
the first half of the nineteenth century, continued to hold
this position, although she was beginning to share it with
others. While Paris was still the “Mecca” of medicine,
signs of new activity became apparent in Vienna, where
the traditions of the old Vienna School had not entirely
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died out. The embers were fanned into flame by the ac-
tivity of three remarkable men, Rokitansky (1804~
1878), Skoda (1805~1881), and Hebra (1816-1880),
who became the nucleus of a group since designated as
the New Vienna School, who raised Vienna once more to
the position of a great medical center. The leading spirits
of the New Vienna Schoo! drew other young men to
Vienna. Among them were Hyrtl, Billroth, Toldt, Tan-
dler, Zuckerkandl, Wenkebach, von Pirquet, and Nico-
ladoni, who continued their traditions of accuracy, in-
dustry, and honesty throughout the century.” Of these
industrious medical personalities, little attention has
been paid to Carl Nicoladoni, who contributed signifi-
cantly to the progress of surgery and in the field of sco-
liosis. The purpose of the present publication is to ac-
quaint the reader with Carl Nicoladoni and to emphasize
his role and achievements in the field of scoliosis.

m Nicoladoni’'s Biography

Nicoladoni’s parents, from the rural region of Lago
Maggiore in Italy, moved to Vienna in Maria Theresian
times. Carl Nicoladoni was born on April 23, 1847 in
Vienna (Fig. 1). He studied medicine in Vienna and grad-
uated in 1871. As a student, he focused on anatomy and
was influenced by the powerful personality of the famous
anatomist, Joseph Hyrtl (1810-1894).% Nicoladoni,
through imperishable deeds of his mind and skillful
hand, belongs to those illustrious personalities, who
were responsible for the rise of modern German sur-
gery.>* ~Theodor Billroth (1829-1894)

One year after his graduation, Nicoladoni joined the
first Surgical University Clinic of the General Hospital
(Allgemeines Krankenhaus) in Vienna. There he was
taught by the surgeon von Dumreicher, who had an im-
mediate impact on Nicoladoni’s future medical career.
When Eduard Albert (1841-1909),2 a member of von
Dumreicher’s team, was appointed to the surgical chair
at the University of Innsbruck in 1872, Nicoladoni be-
came chief resident. During that time he was heavily
involved in surgical practice and thus was able to gain
experience and increase his surgical skillfulness. Apart
from his clinical occupation, he dedicated much of his
time in teaching and scientific research. In 1876, Nicola-
doni became a Privatdozent of surgery.3*

The continuing rise of the neighboring second surgical
clinic under the brilliant Theodor Billroth (1829-1894)
had an impact on the young surgeon, and there was a
vivid correspondence between him and the pupils of Bill-
roth. He felt strongly attracted to the innovative devel-
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Fig. 1. Carl Nicoladoni. Reprinted from Nicoladoni C. Anatomie und
Machanismus der Skoliose. Berlin: Urban & Schwarzenberg; 1909.

opments and participated whenever possible. Hence,
Nicoladoni was able to take part in many of the new
developments that Billroth’s school was famous for. He
was instrumental in the development of the first gastro-
enterostomy, which was performed by Anton Wolfler in
Billroth’s clinic. However, Nicoladoni never gave up his
loyalty to his old teacher von Dumreicher, who repre-
sented the old surgical approach.

In the year 1880, Nicoladoni replaced his chief von
Dumreicher because of his illness. The death of his sur-
gical mentor was a turning point in Nicoladoni’s aca-
demic career. When Eduard Albert, a pioneer of ortho-
pedic surgery and teacher to the famous Adolf Lorenz
(1854-1946),% was appointed as chief and became suc-
cessor of von Dumreicher in Vienna, Nicoladoni ac-
cepted a chair in Albert’s place in Innsbruck in 1881.%¢

The small town in the Alps did not provide him with
the luxury and materialistic offers of the capital town but
gave him the high satisfaction of being a clinical teacher.
It was his fate to stay in Innsbruck for almost 14 and
one-half years. During that time, he performed numer-
ous innovative surgical procedures, including the recon-
struction of a thumb using a tubed pedicle flap from
thorax.***3

After rejecting an invitation to the surgical clinic in
Prague, Nicoladoni became Professor of Surgery at the

university clinic in Graz in 1895. The Styrian capital
offered a much broader clinical spectrum and better ac-
ademic aids to develop a prospering medical school. Un-
fortunately, Nicoladoni’s state of health started to dete-
riorate after a serious attack of influenza. Because of this
illness, he had to suspend his beloved clinical work for
the first time in his life. It was his iron willpower and
strong constitution that fought back this uninvited guest.
Nicoladoni stayed for 7 years in Graz and died of a sud-
den heart attack during the night of December 3-4, 1902
at the age of 55.

During his professorship, Nicoladoni educated nu-
merous well-known surgeons, such as Erwin Payr.”#3°
Erwin Payr, who became Professor of Surgery at Graz,
Greifswald, Kénigsberg and then at Leipzig in 1911, was
an excellent and learned surgeon, making contributions
to many surgical subjects, notably on disease of the
joints, surgery of the abdominal organs, breast, and thy-
roid gland.

Nicoladoni’s Books on Scoliosis
Nicoladoni’s main contributions are in the field of ortho-
pedic surgery, particularly his excellent and detailed
studies on scoliosis based on thorough anatomic and
kinetic investigation. Nicoladoni’s interest in scoliosis
and its anatomy dates back during his residency training
years. The first announcement about his work on scoli-
osis was made in 1881 at the 54th scientific meeting,
Naturforscherversammlung, in Salzburg.'°

His dedication to the investigation of scoliosis re-
sulted in three books and three bigger treatises, all of
which were printed in German. An original copy of each
book is available at the Clinic Library of Leopold-
Franzens University in Innsbruck. His earliest book was
printed in 1882 and was on the torsion of the scoliotic
spine, Die Torsion der Skoliotischen Wirbelsiule.'! He
completed this anatomic study when he was still head of
the department of surgery in Innsbruck.

Three bigger treatises on scoliosis entitled Die Ar-
chitektur der Skoliotischen Wirbelsdule'? (The Architec-
ture of the Scoliotic Spine, 1889), Die Architektur der
Kindlichen Skoliose'® (The Architecture of Juvenile Sco-
liosis, 1894), and Die Skoliose des Lendensegmentes'*
(The Scoliosis of Lumbar Segments, 1894) were pub-
lished in an anthology called Denkschriften der Kaiser-
lichen Akademie der Wissenschaften, a series of publica-
tion from the imperial academy of science.

Two versions of his epical work entitled Anatomie
und Mechanismus der Skoliose (Anatomy and Mecha-
nism of Scoliosis) were printed. A bigger edition’’
printed in 1904 is part of the Bibliotheca Medica, a mon-
umental series of various clinical books published
around the beginning of the past century. Theodor
Kocher (1841~1917) from Bern, Johann von Mikulicz
(1850-1905) from Breslau, and Wilhelm Roux (1850~
1924) from Halle were among the most prominent edi-
tors of this series of books (Fig. 2). The second version
with the same title was a shortened one, with the inten-
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Fig. 2. The frontispiece of Nicoladoni's book entitied Anatomia und
Mechanismus der Skoliose, which was published as part of Bib-
liotheca Medica. Reprinted from Nicoladoni C. Anatomie und
Mechanismus der Skoliose. In: Kocher, Kdnig, von Mikulicz, eds.
Bibliotheca Medica. Stuttgart: Verlag von Erwin Nagele; 1904.

tion to make it more easily available to a bigger reader-
ship. It was part of an anthology called Deutsche Chiru-
rgie'® (German Surgery) and published in 1909, 7 years
after his death. Nicoladoni’s books include many origi-
nal figures and photographs, most of which were pre-
pared and even drawn by him.,

Examination of his books revealed that Nicoladoni
described precisely the mechanism and the architecture
of adult and juvenile scoliosis based on his thorough
anatomic studies. His book Anatomy and Mechanism of
Scoliosis includes several chapters on the mechanism of
scoliosis, scoliotic spine in adults, architecture of scolio-
sis in children and adults, and scoliosis of the lumbar
vertebra, Because this book represents the most recent
synopsis of all his work on scoliosis, a brief review of this
monumental treatise is provided here.

Nicoladoni's Studies on Scoliosis
Nicoladoni simply defined scoliosis as the lateral distor-
tion of the human spine. He further differentiated it into
a rachitic and a habitual scoliosis. He stated that the
advanced habitual scoliotic spine had two main distor-
tions that deviated from the median in an equal fashion.
The first distortion on the level of the thoracic spine was
more convex to the right side than the latter distortion in
the lumbar segments, which was to the left side (Fig. 3).

Fig. 3. The scolictic spine drawn by Nicoladoni. Reprinted from
Nicoladoni C. Anatomie und Mechanismus der Skoliose. Wien:
Urban & Schwarzenberg; 1909.

He was concerned about the deformational and com-
pensatory changes in the thoracic cage and internal or-
gans caused by scoliosis. He stated that there was a direct
correlation between the height of the thorax and the
abdominal cavity and the diminished height of the spinal
column caused by scoliosis. He wrote: “. . .With regard
to the thorax he stated that the rib lowering is character-
istic of the convex side, whereas the lifting is distinguish-
ing for the concave side. . . The lowest rib bones will get
in contact with the iliac crest, the abdomen becomes
progressively broad whereas the diaphragm gets pushed
into the thorax cavity. ..The right side of the thorax
becomes narrowed, with that effect the right lung volume
gets diminished and eventually obsoletes... The esopha-
gus is not as curved as the spine. There is a buckling of
the aorta. The heart is hypertrophied and dilated. The
right kidney lies almost horizontally between the concav-
ity of the lumbar segments and the posterior iliac crest
and additionally the left kidney is remarkably bigger in
size than the left one. . .”¢ (Fig. 4).

Nicoladoni also studied the ligaments of the scoliotic
spine in a considerable detail. We quote here briefly his
findings: “. . .The anterior spinal ligament descends from
the tubercle of Atlas and divides into a thicker medial
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Fig. 4. This figure {drawn by Nicoladoni) demonstrates deforma-
tional changes in some internal organs associated with scoliosis.
Note the buckling of the aorta and that the right kidney lies aimost
horizontally between the concavity of the lumbar segments and
the posterior iliac crest. The left kidney is smaller than the right
one, which is enlarged for compensation. Reprinted from Nicola-
doni C. Anatomie und Mechanismus der Skoliose. Wien: Urban &
Schwarzenberg; 1909.

part and two thinner flat lateral parts. It is tightly con-
nected to the periosteum of the vertebral bodies. In sco-
liosis, the anterior spinal ligament’s course of descent is
over the concave side and a division into a medial and
two lateral parts is not possible. On the convex side,
remnants of a flat narrow ligament are seen...”;
“...The posterior spinal ligament is similarly divided
into a medial and two lateral parts. The medial division is
connected tightly to the intervertebral discs over the en-
tire spinal column. In scoliosis, the posterior ligament
and the posterior emissary holes are shifted towards the
convex side. . .”1¢

Nicoladoni explicitly discussed the mechanism of sco-
liosis. According to him, remodeling of the scoliotic ver-
tebra was caused by unilateral overload. Hence, through
compression at the concave side and distension and puff-
ing of the bony framework on the convex side, the sco-
liotic curvature would result.

Nicoladoni focused on the biomechanics of scoliosis
in great detail. According to his kinetic investigations,
there was movement and change of form in most parts of
the scoliotic spine. Solely, a small segment of the poste-

s

Fig. 5. A thoracic vertebra with rib segments viewed from above
in a juvenile scoliosis (drawn by Nicoladoni). A,B: Interarticular
segment. C,D: Epiphysial arch junction. Deviation of the vertebral
axis demonstrated by the foliowing measurements: A-C > C,D and
C~E > D-F. The axis of vertebral body is tilted towards the convex
side. Reprinted from Nicoladoni C. Anatomie und Mechanismus
der Skoliose. Wien: Urban & Schwarzenberg; 1909.

rior vertebral arch lying between the origins of both ar-
ticular processes was without motion. Nicoladoni called
this part the interarticular segment (segmentum interar-
ticulare). The part lying in front of this segment—the rest
of the arch and the vertebral body— became elongated.
Nicoladoni coined it the so-called horizontal torsion,
which he used to describe the shift of the axis of the
vertebral body towards the convex side, which was most
prominent cranially and gradually declining caudally.
Figure S is a sample that illustrates kinetic measurements
performed by Nicoladoni to describe the deformational
changes in a thoracic vertebra. In addition, the deforma-
tion in the vertebra included oblique orientation of the
vertebral foramen and the tilt of the root of the arch on
the concave side. The scoliotic spine became a rigid bony
complex in which the center of gravity was shifted out of
the median toward the origin of the arch on the concave
side. Additionally, his findings demonstrated that the spi-
nous processes did not show torsion corresponding to
the vertebral bodies.

Nicoladoni was the first who described the anatomy
of the juvenile scoliosis of habitual and rachitic origin. In
horizontal sections of healthy juvenile vertebra, he de-
scribed that if one drew a line connecting the basal parts
of each articular processes with both epiphyseal junc-
tures, then a regular trapezoid would result, whereas in
the scoliotic juvenile vertebra a trapezoid would result,
which was leaned against the convexity of the curvature.
He believed that overall, the convex and concave regions
of the spine had an equal amount of material but in an
asymmetrical distribution.

Particularly attention-grabbing in this section is the
study of the transverse and sagittal sections of vertebra at
different levels of the juvenile scoliotic spine. He studied
in great detail the integrity of bony structure and the
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Fig. 6. A: Transverse section of ninth thoracic vertebra from right
convex curvature in a 6.5-year-old female cadaver demonstrates
the asymmetric distribution of the spongy bone in concave and
convex parts. B: A sagittal section of a pair of thoracic vertebrae
(sixth and seventh) from left convex curvature in a 6-year-old
cadaver with rachitic scoliosis. The intervertebral disc and the
nucleus pulposus have diminished in height on the concave side
compared with that on convex side. Pictures reprinted from Nico-
ladoni C. Anatomie und Mechanismus der Skoliose. Wien: Urban &
Schwarzenberg; 1909.

intervertebral disc in these sections. He demonstrated
that the spongiose bone of the vertebral body was asym-
metrically distributed. It was composed of compact and
dense spongiose bone on the concave side, whereas the
convex part had loosely structured spongiose bone. The
intervertebral disc and nucleus pulposus diminished in
height on the concave side compared with that on convex
side (Figs. 6A and 6B). Regarding the nucleus pulposus,
Nicoladoni wrote: “. . .The nucleus pulposus of the in-
tervertebral discs is only median in nonaffected verte-
brae. In scoliosis, the nucleus leaves the median, is al-
ways asymmetric and is located laterally and anteriorly
on the convex side. . .”.1°

In his book, Nicoladoni also wrote a separate chapter
on the scoliosis of lumbar segments, which he believed
was an entity of its own. According to him, in the lumbar
scoliosis there was only an inclination without a relevant

Fig. 7. The original German text reprinted from Nicoladoni C.
Anatomie und Mechanismus der Skoliose. Wien: Urban & Schwar-
zenberg; 1909:58.

reclination. Again, typically the interarticular segment
was fixed in position, whereas all the other segments of
the vertebra forming a group had deformational
changes.

In his works, Nicoladoni also reviewed different the-
ories about scoliosis from other anatomists, such as von
Meyer’s treatise about the mechanics of scoliosis, Die
Mechanik der Skoliose®® or Eduard Albert’s work about
the anatomy of scoliosis, Zur Anatomie der Skoliose”,!
and the work of Adolf Lorenz,? a leader of the Viennese
school of orthopedics who is well known for his studies
on flat foot, spondylitis, and scoliosis.

After looking through several opinions about the
pathophysiology of scoliosis, Nicoladoni wrote a conclu-
sive paragraph: “The scoliosis is a deformity caused by
an eccentric overload of the spine, in which in the wake
of the lateral and reclinated deviation, always a torsion
will result, which on one hand consists of a rotational
movement of the singular vertebra towards the convexity
of the distortion, but moreover of a remodeling of the
bony mass, which in turn causes disturbance of the rela-
tionship between all vertebral segments in a horizontal,
frontal and sagittal plane and therefore, the vertebra to-
tally asymmetrically develops”'® (Fig. 7).

Nicoladoni and Surgery
In addition to his achievements in the field of scoliosis,
Nicoladoni was also a competent and skillful surgeon.
He performed a variety of operations in different surgical
disciplines, but mainly in orthopedic surgery, and pub-
lished his works in more than 50 publications. Although
it is not the purpose of this historical article to recapitu-
late the entire surgical work of Nicoladoni, his accom-
plishments in various fields of surgery should briefly be
reflected.

A major contribution to hand surgery was his thumb
reconstruction using a tubed pedicle flap from the tho-
racic region. He even propagated hand-to-hand and
foot-to-hand transfers.*”** Additionally, he is famous
for his work on tendon transfers'® and tendon sutures.
The idea of transplanting the tendon of a healthy muscle
to substitute for the lost function of a paralyzed muscle

was first proposed in 1881 by Nicoladoni.?!°
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Besides his interest in scoliosis, he pursued other or-
thopedic topics like pes equinus paralyticus,'” methods
for the treatment of pseudarthrosis*® or old luxations,!’
and pes calcaneus.*® Additionally, he investigated myo-
sitis ossificans,?! traumatic cubitus varus,?? and wrote a
treatise about toe fractures.??

Nicoladoni was also very innovative in general sur-
gery. He reported new ideas for enterostomy** and per-
formed operations especially for the treatment of ingui-
nal hernias.2527

He contributed in the field of genitourinary surgery.
He reported on S0 cases of tumors in the female genital
tract in which he performed laparotomies.”® Further-
more, Nicoladoni performed operations on the blad-
der?” and also those for treating vaginal~urethral fistu-
las.®° Finally, he made contributions in clinical®! and
experimental peripheral nerve surgery.3?

# Conclusions

Carl Nicoladoni (1847-1902) of Austria, Professor of
Surgery, wrote several books on scoliosis focused on the
anatomy and mechanism of this spinal disorder. Nicola-
doni also collaborated with other industrious scientists
working in the area of spine and yet introduced the re-
sults of his own observations and experience based on
detailed anatomic and biomechanical studies. His works
in the field of scoliosis significantly contributed to the
enrichment of understanding the mechanism and the
structure of scoliosis, and their overall importance and
scientific value are far beyond the boundaries of the nine-
teenth century.
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