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SUMMARY

Avicenna, as he is known in the West, was a famous Persian Muslim physician and influen-
tial philosopher-scientist of the medieval Islamic world. He wrote and compiled the Canon
of Medicine text, a book which was adopted as the main text of medicine at the most Persian
and Western universities. The book consists of basic medical sciences, applied clinical sci-
ences and pharmacology. In the current study, we present an analysis of the anatomy of the
musculoskeletal and peripheral nervous systems as viewed by Avicenna in the Canon of
Medicine, and compare them with the relevant modern literature.
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INTRODUCTION

The musculoskeletal and peripheral nervous systems occupy a crucial po-
sition in modern orthopedics, forensic anthropology and regenerative med-
icine. To reiterate their importance in medical history, numerous historical
scientists including early Egyptians, Greeks, Romans and Persians described
the anatomy and management of disease conditions associated with each re-
gion of the body. It is prudent to say that modern scientific achievements are
indebted to the past [1, 2]. The objective of the current research is to investi-
gate the accuracy and relevance of Avicenna’s (AD 980-1037) anatomy of the
musculoskeletal and peripheral nervous system and compare it to modern

anatomy discourse.

Analysis of Avicenna’s anatomical concepts as presented in the Canon
of Medicine has become increasingly popular and several researches have
been published to date [2-14]. Common findings from these researches point
out to the relevance of Avicenna’s anatomy and its place in revolutionizing
modern medicine. Avicenna adopted the practical approach towards the de-
scriptions of the human body and the associated diseases [1, 2, 15, 16], which
is the main scientific approach in modern medicine. In his treatise, Avicenna
emphasized the importance of anatomy of the human body and encouraged
physicians to consider the normal anatomy of organs in their diagnosis [1, 2,
9,16, 17]. The current review was therefore intended to analyse and compare
Avicenna’s treatise on the anatomy of musculoskeletal and peripheral ner-
vous systems presented in volume one and three of the Canon of Medicine
[18] (and translated versions into English) [19, 20] with modern descriptions
in extant medical anatomy literature. In addition Avicenna’s description

of anatomy within the context of temperament, structure and function are

highlighted.

AVICENNA AND THE CANON OF MEDICINE

Avicenna (Ibn Sina) was born in AD ¢80, near Bukhara, Iran (now in
Uzbekistan) and died in 1037 in Hamadan, Iran. He was a famous Persian
Muslim physician and influential philosopher-scientist of the medieval
Islamic world [21]. Avicenna was a gifted child who educated himself in var-
ious fields including medicine and philosophy. By the age of 10, Ibn Sina had
become an expert in the study of the Quran and different earth sciences. He
studied philosophy by reading various Greek, Muslim, and other texts and
learned metaphysics and logic under teachers which he later surpassed [21].
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Figure 1. Portraits of Galen (left), Avicenna (middle) and Hippocrates
(right). The image was obtained on internet, an open source courtesy of the
Wellcome Library.

He continued self-education and by the age of 17 he had mastered Islamic law,
medicine, and metaphysics [11, 21]. At the same age of 17, he was able to treat
and cure the king of Bukhhara, Nuh Ibn Mansur (Noor Ibn Mansoor) of an
unspecified illness considered incurable by all well-known physicians of the
time [21]. In return, the king offered to reward Ibn Sina for his mighty work
but he refused the prize and only asked to use the King’s well stocked library.
He contributed immensely to the fields of Aristotelian philosophy and med-
icine during his time [13, 21, 22]. Avicenna compiled his most influential book
of medicine, the Al-Qaniin fi al-tibb (The Canon of Medicine) which is ranked
amongst the most famous books in the history of medicine [11].

The book is divided into five books which are categorized into separate
disciplines of medicine and pharmacy. The anatomical concepts are distrib-
uted throughout the book, particularly in the first volume where most of the
general anatomy is presented and the rest is presented together with sections
describing signs and symptoms of diseases on various organs. The Canon
of Medicine was translated into Latin by Gerard of Cremona in the 12 cen-
tury and into Hebrew in 1279 [3, 11, 17]. The book was adopted and became
the main textbook of medicine in Western medical schools until late 1650
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[17]. Avicenna compiled all the medical information available to him from
his predecessors including Aristotle, Hippocrates and Galen, and added his
own information gained from surgical practice and observations [r7]. There
is no consensus as to whether Avicenna performed human cadaver dissec-
tions or undertook it in secret considering that during his time human dis-
sections were prohibited in the Muslim religion [17]. However, his findings
about the human body were novel for his time. Avicenna recommended that
physicians and surgeons base their knowledge on the anatomy of the human
body. Avicenna stated, “I believe that at the beginning, pupils should learn the
general principles of medicine, both in theory and in practice. Analysis of diseases
which affect different organs will precede the methods of keeping these organs in
sound health. To satisfy this, we must first study the anatomy of these organs” [18,

19).

SKELETAL SYSTEM
GENERAL DESCRIPTION ON BONES AND JOINTS

Avicenna affirmed that bones and cartilages offer support and protec-
tion to body structures, vital organs and also facilitate movement. He dis-
tinguished compact bones from cancellous bones. Avicenna classified joints
into four types, which include joints with a large and small joint space, em-
bedded joints and sutural joints [19, 20]. This classification concurs with
modern descriptions of synovial joints, gomphosis on alveolar surfaces and
sutural joints respectively as shown in extant anatomical textbooks [23, 24].

THE CRANIUM

Avicenna indicated that the cranium was made up of several bones that
varied in density. He noticed that skull bones were light in weight [19, 25].
The lightness of the skull bones was associated with reduced pressure on the
brain. He stated that “The skull bones have been made spongy for the passage of
vapours and so as not to be too heavy for the brain” [18-20]. He also noticed that
skull bones have foramina for the passage of nerves and vessels to and from
the skull. In addition, he described accurately the topography of the various
bones of the skull vault including their articulations. He mentioned that:

“The frontal bone is located anteriorly; behind it are two parietal bones
which are above the temporal bones and the occipital bone which is more

compact and protects the back of the brain posteriorly” [18-20].
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In the Canon of Medicine,
the individual sutures of the
cranium were named and de-
scribed accurately. The squa-
mosal suture was regarded as
a false suture that lacks serra-
tion but made up of overlap-
ping temporal and parietal
bones [19, 20].

THE SPINE

Avicenna described the
bones of the vertebra includ-
ing their functional and bio-
mechanical properties [3, 11,
14, 19]. He classified the spine
into the cervical, thoracic,
lumbar, sacral and coccygeal
regions [19, 20], based on the
individual size and shape
variation of each vertebra

(3, 11]. This classification is o '
Figure 2. Avicenna’s drawing of the
skeletal system in the Canon of Medicine.
The image was obtained on internet, an

critically examined the bio- open source courtesy of the Wellcome

mechanics and movements Library.

widely accepted in modern
anatomy literature. Avicenna

of the spine and also disorders associated with it such as kyphosis [3, 11]. He
described the ro™ thoracic vertebra as the center of rotation of the vertebral
spine [11].

THE RIB CAGE AND STERNUM

Avicenna mentioned that the skeletal components of the rib cage pro-
tect the respiratory organs, heart, upper part of the stomach, and the intes-
tines [18-20]. He further specified that the rib cage was expandable, thereby
increasing the diameter of the thorax during inspiration and stomach dis-
tension. He noticed that the upper seven ribs were attached to the sternum
anteriorly and suggested that the arrangement is crucial for the support of
the vital thoracic organs [19, 20]. Avicenna described the ribs attached to
sternum (true ribs) separately from those that are not associated with the
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bone (false ribs) [18-20]. His classification of ribs complemented the modern
classification into true ribs (from ribs number 1 to ) and false ribs (from rib
number 8 tor2). In addition, Avicenna described accurately the location of
the articular tubercle of the rib on the angle of each rib.

In the Canon of Medicine the sternum was described as a flat bone with
an outer layer of cortical bone and a core made of cancellous bone [18-20].
Avicenna acknowledged that the cartilaginous joints between various parts
of the sternum facilitate thoracic expansion during respiration [19, 20]. He
also mentioned a cartilaginous process of the sternum (xiphoid process) and
its functions in protecting the epigastrium. In modern anatomy the com-
plete ossification of joints between various sternebrae is attained at the age
of 25 years [23, 24, 26] and hence before then the sternum consists of separate

bones.
THE CLAVICLE AND SCAPULA

Avicenna described the clavicle as having both convex and concave parts
at its medial and lateral ends respectively. He stated that the hollow space
behind the convex inner part of the medial aspect of the clavicle acts as a
passage-way for neurovascular structures extending and from the head [18-
20]. In modern anatomy, the medial convex inner space of the clavicle pro-
tects the contents of the carotid sheath [23]. Avicenna described the scapula
as thin and flat bone medially and thick on the lateral edge where the bone
articulates with the rounded head of the humerus [19, 20]. He described the
acromion and the coracoid processes of the scapula and suggested that their
functions were to prevent dislocation of the shoulder joint [20]. According
to Avicenna, the scapula serves two functions related to the protection of
the chest wall posteriorly and facilitation of movement of the arm [18-20].
These descriptions of the scapula are congruent with the modern anatomy
literature and additionally the scapula offers attachments to muscles related
to the arm and the trunk.

THE HUMERUS AND THE SHOULDER JOINT

Avicenna described the humerus in agreement with modern anatomy
whereby the humerus forms the arm bone with a convex head, a shaft and
a distal part with prominences. He described the shoulder joint as a loose
movable joint which is often dislocated [19, 20]. He also described four lig-
aments contributing to the strength and stability of the shoulder joint in-
cluding the joint capsule. On the distal portion of the humerus, Avicenna
noted that the medial prominence was not involved in the joint formation
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of the elbow but was rather responsible for protecting nerves and vessels [18-
20]. The most important structure at this level is the ulna nerve which pass-
es posterior to the medial epicondyle of the humerus to enter the forearm
[23]. Avicenna described the lateral prominence, the anterior and posterior
depressions (which can be inferred to the olecranon and coronoid fossae in
modern anatomy) and their involvement in the formation of the elbow joint.
He classified the elbow joint as hinge joint, a classification which still holds

in modern anatomy literature.
THE RADIUS AND ULNA

Avicenna indicated that the forearm consists of two bones joined togeth-
er along their length by a membrane. He noted that the radius allows supina-
tion and pronation rotation of the forearm, whereas the ulna participates in
flexion and extension of the elbow joint [g, 18, 19].In addition, he mentioned
the head of the radius contains a depression that articulates with the lateral
prominences (capitulum) of the distal humerus and is held in place by a liga-
ment [19, 20]. He described the proximal portion of the ulna bone and its ca-
pacity in limiting hyperextension of the elbow. Distally, the styloid processes
of the both the ulna and radius were described and their contribution to the
attachment of ligaments that support the wrist joint was specified.

THE WRIST AND HAND

Avicenna mentioned that there are seven carpal bones arranged in two
adjoining rows in the wrist with the proximal row containing three bones,
while the distal row consists of four bones. He noted that bones in the prox-
imal row articulate with the distal ends of both the radius and ulna; partici-
pate in flexion and extension of the wrist joint [18-20]. He further described
the eighth bone of the wrist, the pisiform, as a bone located out of the general
alignment of the wrist bones and only offers protection to the ulna nerve
[18-20]. Avicenna’s description of the articulation at the wrist joint was not
entirely accurate. The ulna bone does not participate in the wrist joint but
rather articulate with the distal portion of the radius proximal to the wrist
joint [23].

Avicenna mentioned the correct number of metacarpals and phalanges
of the hand and provided insights into their structure and function [g]. He
stated that “Metacarpals provide a concave surface for the hand that enables the
hand to retain liquids and firmly surround objects” [18-20]. In addition, Avicenna
provided reasons as to why there should be only three phalanges in each fin-
ger except the thumb. He argued that:
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“If there had been more than three phalanges, the fingers would have ob-
tained a greater range of movement but they would be weakened in strength.
If the phalanges had been two, the fingers would have become stronger but
the range of movement would have been restricted; while the fingers need
greater movement and nominal strength” [18-20].

Avicenna described the position of the thumb as being appropriate for
apposition with other fingers; aiding in grasping objects [18-20].

THE PELVIC BONES

Avicenna described the pelvic bones as forming a bony ring; constituted
posteriorly by the sacrum, laterally by the two hip bones and anteriorly by
the fusion of the two pubic bones. In addition, he identified and described
the three parts of the hip bone and their articulations as follows:

“Theiliac bone lies outwards and articulates posteriorly with the sacrum; the
pubis lies anteriorly and articulates with the bone of the other side through
a strong joint, and the ischium lies posteromedial to the ileum and contains
the acetabulum, a depression which articulates with the convex head of the
femur” [18-20].

Avicenna incorrectly described the acetabulum as a feature of the ischi-
um bone alone; instead it is borne by all three parts of the hip bone.

THE THIGH AND KNEE JOINT

Avicenna indicated that the femur is the largest bone of the body, which
is in agreement with modern anatomy. He described the articulation of con-
vex head of the femur with the acetabulum of the hip bone. He described the
lateral convexity and medial concavity of the shaft of the femur of which he
ascribed the medial concavity to the protection of nerves and vessels from
direct impact [18-20]. Distally he described the femoral condyles and their
articulation with the tibia to form the knee joint. Avicenna mentioned that
the knee joint was strengthened by an internal ligament and two external
ligaments located medial and lateral to the joint. Modern anatomy describes
two internal ligaments consisting of the anterior and posterior cruciate lig-
aments, while the external ligaments consist of medial and lateral collateral
ligaments [23]. The patella was described as an oval bone that protects the
knee joint anteriorly.
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THE TIBIA, FIBULA AND THE FOOT

Avicenna indicated that the fibula is a small bone of the leg located lateral
to the tibia and does not articulate with the femur at the knee joint but par-
ticipates in the articulations at the ankle joint [18-20]. He further described
the skeleton of the foot and its adaptions to standing and grasping on uneven
surfaces. He mentioned that the foot is made up of 26 bones consisting of 7
tarsals, 5 metatarsals and 14 phalanges [18-20]. He also noted the presence of a
variable number of sesamoid bones in the foot. He described and named the
talus, calcaneus and cuboid accurately including the joints they make.

MUSCULAR SYSTEM

Avicenna described both the functions of the muscles in producing
movement and the action of nerves on muscle contraction and relaxation.
But he did not precisely describe the muscle attachments and/or their no-
menclature. The most significant finding was the differentiation of nerves,
tendons and ligaments [g, 12, 20, 27] contrary to Galen’s earlier assumptions
that nerves and tendons were of the same nature [28]. Avicenna stated that:

“The nerves are derived from the brain or spinal cord. The brain receives
sensation through nerves. The nerves provide power and voluntary move-
ments to muscles. The tendons exit from muscles. When muscles are relaxed
the tendons become loose and the limb extends. When muscles contract the

tendons become tight and the limb flexes” [18-20].
THE MUSCLES OF THE HEAD AND NECK REGION

Avicenna described the muscles that effect facial movement including di-
lators and constrictors of orifices such as the orbit, oral cavity and nostrils;
and muscles that wrinkle the skin of the face. He noted that facial muscles
do not have bony attachments but rather are inserted into the skin. Within
the orbit, Avicenna described the six extraocular muscles including their
functions which include elevation, depression, adduction, abduction, and
rotation of the eyeball [17-20]. He also mentioned the relationship between
the common tendons of origin of some extraocular muscles with the optic

nerve [18-20].

Avicenna described the temporalis muscle and its function in elevating
the lower jaw. In addition, he described the digastric muscle, its attachments
and actions including in association with other infrahyoid muscles [18-20].
Muscles associated with the larynx were also described in the Canon of
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Medicine, but their names
were not provided [7, 10,
29]. Avicenna described the
actions of the salpingopha-
ryngeus and palatoglossus
in elevating the larynx and
pharynx during deglutition
[18-20].

THE THORACIC MUSCLES

Avicenna described pri-
mary and secondary respi-
ratory muscles, particularly
those involved during forced
respiration. He asserted that
respiratory muscles act by
expanding and contracting
the thoracic wall [18-20]. He
described the intercostal
muscles as primary muscles
of respiration and further ex-
panded on the obliqueness of

the fibers of the inner thorac- :

ic muscles. He also described Figure 3. Avicenna’s drawing of the
muscular system in the Canon of

Medicine. The image was obtained on

internet, an open source courtesy of the
ing the scapula and the cervi- Wellcome Library.

secondary respiratory mus-
cles as those muscles attach-

cal vertebra to the thoracic wall.
THE LIMB MUSCLES

Avicenna described the muscles of the upper limbs according to the seg-
ment, muscle groups and the joints they act upon [9, 18, 20]. He described
five adductors and five abductors of the arm region. The abductors of the
arm were described as muscles originating from the scapula and inserting
on the humerus. The forearm muscles were described and grouped as exten-
sors, flexors, supinators and pronators. Avicenna distinguished the extrinsic
and intrinsic muscles of the hand; extrinsic muscles have their origins in the
forearm, whereas intrinsic muscles are integral to the hand. He noted that
ther8 intrinsic hand muscles and finger flexors were arranged in superficial
and deep layers [g, 18-20].
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In the lower limbs, Avicenna described the flexors and extensors of the
thigh region [18-20]. He also mentioned knee flexors and extensors, and the
insertion of knee joint extensors into the patella. The muscles of the foot
were described as ‘foot raisers’, located anterior to the leg and ‘foot depres-
sors’ located posterior to the leg; inserting through the achilles tendon [18-
20]. His description of the movements of the foot corresponds with plantar
and dorsiflexors respectively found in modern literature.

NERVOUS SYSTEM
THE CRANIAL NERVES

Most of Avicenna’s descriptions on the structure and function of nerves
was adopted from Galen (AD 130-199). Hence, Avicenna considered nerves
as hollow and distributing “animal spirit” to the various parts of the body [18,
19, 30). He also considered nerves to be either hard (motor) or soft (sensory)
in consistency, and regarded their functions as such. Based on the premise of
hollow nerves, Avicenna erroneously considered the olfactory tracts as ex-
cretory channels to facilitate the removal of waste from the brain ventricles
[18-20]. Avicenna proposed that cranial nerves consisted of seven pairs of
nerves excluding the olfactory nerve [18-20, 30, 31]. He identified, enumerated
and characterized the cranial nerves based on the foramen through which
they exited the skull [31]. Avicenna described the optic nerve as the first pair
of cranial nerves; partially crossing at the optic chiasma and penetrating
into each eyeball. The oculomotor nerve was described as the second pair
of nerves and innervated the extra-ocular muscles [18-20]. The trigeminal
nerve and its divisions were described as the third and fourth pairs of cranial
nerves; representing the sensory and motor roots respectively. The facial and
vestibulocochlear nerves were regarded as the fifth pair. The trochlear and
the abducens nerves were not mentioned.

The sixth pair of cranial nerves consisted of three functionally distinct
nerves; all traversing the skull though the jugular foramen [18-20] and these
correspond to the glossopharyngeal, vagus and spinal accessory nerves in
modern terminology [32]. He described one component as supplying the root
of tongue and the pharynx (glossopharyngeal nerve), the second component
descending to the shoulder joint to supply the flat muscles of the scapula (the
spinal accessory nerve) and the third component (vagus nerve) supplying the
structures of the larynx. He also noted that the vagus nerve distributes to
the viscera in the thorax and abdomen. Avicenna described the seventh pair
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of cranial nerves (hypoglossal nerve) distributing to the muscles moving the
tongue.

THE SPINAL NERVES

Avicenna mentioned that spinal nerves originate from the spinal cord
and convey motor and sensory components of the nervous system. He indi-
cated that the motor and sensory roots of spinal nerves originated separately
from the spinal cord and that the spinal cord consisted of two separate parts:
the “hard and soft” (motor and sensory respectively) [18-20]. The spinal nerves
were grouped into cervical, thoracic, lumbar, sacral and coccygeal nerves; a
grouping based on vertebral regions. Avicenna described the innervation of
the thoracic intercostal muscles and abdominal muscles. He also described
the lumbar sacral plexus and its distribution to the muscles of the lower
limbs.

DiscussioN

Medieval scholars immensely contributed to the growth of existing med-
ical knowledge by modifying and enriching with continuous addition of
their research findings [15]. Anatomy knowledge in particular was regarded
as the license towards surgical practice and the learning of practical anato-
my was emphasized [17]. However, there is no known evidence pointing to
Avicenna having performed human cadaver dissections. His anatomy con-
cepts are significantly compared with modern anatomy, although with minor
differences which can be attributed to the lack of sophisticated equipment
to clearly delineate the intricate structures of the human body. In the cur-
rent review it can be deduced that Avicenna gathered his information on the
human through the examination of human skeletons and/or performing an-
imal dissections. In the skeletal systems, Avicenna accurately described the
number of bones in each region, the articulations they make, the type of ar-
ticulations and bone prominences. In modern anatomy the classification of
bones, characterization of their projections and muscle insertion points, and
joint classification are paramount for understanding body movements and
functional biomechanics [23, 26]. Avicenna also highlighted the importance
of bone curvatures in protecting vital neurovascular structures, particularly
the clavicle and femoral bones. The functional arrangement of bones in the
wrist and the hand in facilitating flexion and grasping movements is also em-
phasized in both the Canon of Medicine and the modern literature.
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In the Canon of Medicine, the muscles of the human body were grouped
according to their functions, i.e. the extensors versus the flexors, muscles
of facial expression, muscles of respiration and muscles moving the eyeball
(18]. This classification is still in use today and is important in the diagnosis
of injuries to certain groups of muscles. Most importantly Avicenna distin-
guished nerves, tendons and ligaments. This also helps in the surgical man-
agement of disorders associated with structures, such as nerve suturing and
tendon and ligament repair; both surgical techniques are reported in the
Canon of Medicine [9, 18]. Regenerative medicine is one of the fast grow-
ing disciplines of medicine and injured peripheral nerves are sutured and
repaired, although the success of re-innervating the target structures is low
[33]. Lastly, Avicenna delineated motor fibers from sensory fibers in mixed
nerves; an arrangement he observed in both cranial and peripheral nerves.
He also enumerated cranial nerves and tracked most part of their courses
and target organs. Innervation of body structures is important towards un-
derstanding their functions and also in pain management.

In conclusion, although the information was written approximately rooo
years ago in the 11 century, Avicenna’s anatomy information is still valid
in the modern day and has revolutionized numerus applied subjects on the
musculoskeletal system.
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SAZETAK

Avicena, perzijski muslimanski lije¢nik koji je na Zapadu poznat pod tim imenom, bio je
utjecajan filozof-xnanstvenik srednjovjekovnoga islamskog svijeta. Napisao je i sastavio tekst
Kanon medicine, knjigu koja je na veéini perzijskih i zapadnih sveucilista prihvadena kao
udzbenik medicine. Knjiga sadr?i osnoune medicinske znanosti, primijenjene klinicke zna-
nosti i farmakologiju. U ovom istrazivanju predstavljamo analizu anatomije misi¢no-ko-
Stanog i perifernoga Fivéanog sustava, kako ju je Avicena predstavio u Kanonu medicine i
usporedujemo ju s modernom literaturom.

Kljuéne rije¢i: Avicena; Ibn Sina; misiéno-kostani sustav; periferni fivéani sustav; mozdani
Fivci; zglobovi
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