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INTRODUCTION

Common belief holds that the Middle
Ages in Europe (spanning between the fall
of Rome in the sth century a.n. to the
beginning of the Renaissance era in late
15th century A.n.) were a dormant time
when it came to scientific contributions,
leading to the Western depiction of the
period as the “Dark Ages.” However, sci-
entific knowledge (including medical and
neurosurgical) needed to be preserved in
order for it to reemerge in Europe after
more than a millennium and regain a
comparable status with its ancient Helle-
nistic heritage. It was in the East where
the torch was carried to distant cities and
nations and, most challengingly, beyond
foreign languages.

In order to overcome religious dogma and
national and ethnic prejudices that were
prevalent at the time, the universality of
science required a translation method that
was objective, accurate, and legible while
also not negating the creativity and

The link between ancient Greek medicine and the Arabic translation period in
the 9th century cannot be understood without studying the contributions of
Syriac scholars. With their mastery of Greek and the related Semitic languages
of Syriac and Arabic, they initiated a scientific translation process with methods
that prevail to this day. In this paper, we reviewed Hunayn lbn Isshaq's Ten
Treatises on the Eye to elucidate the original contributions of the Syriac phy-
sicians to the field of neurologic surgery. We analyzed the oldest known diagram
of orbital anatomy along with Hunayn's genuine ideas on the optic nerve
anatomy and pathology, optic chiasm, afferent pupillary reflex, and papilledema
and venous congestion. We also reviewed the neurosurgical elements found in
the Syriac Book of Medicines including the thought process in localizing
neurologic deficits based on clinical experience and anatomic dissections and
the earliest recorded description of brachial plexus pathology.

originality of the authors. Syriac-Aramaic
scholars of the Middle East in particular
played a crucial role in initiating the trans-
lation movement between Greek, Syriac,
and Arabic’ (Figure 1). These scholars were
at the geographic, historical, and cultural
fringes of the Greek, Arab, and Persian
cultures, as well as the ancient Egyptian,
Mesopotamian, and Levantine civilizations
(Figure 2). They were thus able to preserve
countless medical treatises written during
antiquity, which were later translated into
Latin. For instance, much of what we know
of Galen of Pergamon is not based on
ancient Greek or Latin texts but rather later
Latin translations of Arabic—and by
extension Syriac—books."*

Many of these Syriac scholars were
renowned physicians and scientists, in
addition to being professional translators
who added their own discoveries and
theories to their fields. Specifically, the
Syriac contribution to neurosurgery has
not been previously studied in the litera-
ture. In this article, we review the impor-
tant but commonly overlooked legacy of
the Syriac scholars in preserving, simpli-
fying, and adding to the neurosurgical
knowledge between antiquity and the
Middle Ages. Unfortunately, many of the
original Syriac books were lost and have
been incorporated into later Arab and

Latin commentaries. We thus focused on 2
surviving Syriac manuscripts with neuro-
surgical content: the Ten Treatises on the Eye
and the Syriac Book of Medicines.

BRIEF HISTORICAL BACKGROUND

Aramaic, an ancient Semitic language, has
been the lingua franca of the Middle East
since Assyrian dominance and continued
to be the dominant language during later
Greek and Roman control. (Aramaic was
the native tongue of Jesus of Nazareth and
early Christians.) In the Middle Ages, the
Aramaic language and alphabet evolved
into “Syriac” with each region retaining its
own local dialect.

Pagan temples and schools were pro-
gressively closed with the rise of Chris-
tianity in the Eastern Roman Empire,
including that of Alexandria in the sth
century A.D. and the Academy of Athens in
529 A.D. Furthermore, following the
Council of Chalcedon in 451 A.p., the
Nestorian Schism occurred and the Syriac
Nestorian Christian school of Edessa was
closed in 489 A.n. These events led to an
exodus of Greek philosophers and Nesto-
rian Christian scholars to the eastern
border of the Empire with Persia, where
they established the schools of Nisibin and
Gundishappur under Sassanid protection
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Figure 1. The translation movement of medical manuscripts in the East (6th century A.p.). (Public domain from The British Library [MS 14661].
during the Middle Ages from Greek to Syriac and Arabic. (A) The London Available at: https://www.bl.uk/collection-items/syriac-translation-of-galen.)
Medical Papyrus written in Greek in the first century A.p. and discovered in (C) Three medical treatises by Galen, copied by al-Kilani in Damascus in
Egypt. (Public domain from The British Library [papyrus 137]. Available at: 1184 A.p. from an earlier translation by Hunayn Ibn Isshag. (Public domain
https://www.bl.uk/collection-items/the-anonymus-londiniensis-papyrus.) (B) from The British Library [Or 6670]. Available at: https://www.bl.uk/

Syriac manuscript of Galen’s de Simplicibus (On the Powers and Mixtures collection-items/three-galenic-treatises-in-arabic.)

of Simple Drugs) as translated by the Syriac scholar Sergius of Reshaina
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Figure 2. Map of the Mediterranean basin. Aramaic and Syriac languages Edessa, Nisibin, and Gundishappur flourished at the border between the
were spoken in antiquity and the Middle Ages, respectively, in the regions Eastern Roman Empire and the Persian Empire.

of the Levant and Mesopotamia. For political reasons, the Syriac schools of
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(Figure 2). It is believed that these cities
held the first known universities and
medical schools, further spreading the
teachings of Hippocrates and Galen."

When these cities fell under Arab
Muslim rule in the 7th century, Syriac
scholars gained recognition, becoming
personal physicians to the Caliphs of
Baghdad. With growing interest in
Ancient Greek science, the Caliphs inves-
ted in collecting and translating valuable
Greek textbooks into Arabic. Christian
Syriac scholars in particular played a
pivotal role in initiating the translation
movement in the Muslim empire’ due to
their long tradition of Greek-Syriac trans-
lation and their fluency in Arabic, a
Semitic cousin of Syriac/Aramaic (see
Figure 1). The physician Hunayn Ibn
Isshaq (Latin: Johannitius; born 8og A.n.),
who in the gth century was in charge of
Bayt al Hikmah, the library of Baghdad
(Figure 3), is one famous example.
Thanks to the widespread influence of
Syriac physicians, evidence of ancient
Greek medicine was found as far as
Central Asia.”

SYRIAC-ARAMAIC MEDICINE AND THE
TRANSLATION MOVEMENT

Sergius of Reshaina (died 536 a.n.),
believed to have studied in Alexandria, is
reputed to be the early leading scholar in
translating the works of Galen from Greek
into Syriac (see Figure 1). His work is
considered to be the first translation of

Galen’s corpus into a Semitic language.”
Some of Galen’s work has only been
preserved through Sergius’s manuscripts
and continues to be studied to this day.
Other Syriac historical figures include
Atanos of Amid, Philagrius, Simon the
Monk, Gregory the Bishop, Theodosius
the Patriarch, George the son of Bokht-
Isho’, Yahya Ibn Masawaih, Iso Bar Ali,
and John the son of Serapion.>*

Abul Faraj Gregory—or Bar Hebraeus
(born 1226 A.p.)—practiced medicine in
Aleppo and also translated many works by
Galen, Dioskorides, Hippocrates, and
others into Syriac.* However, the most
famous of all was Hunayn Ibn Isshaq
(809—873 a.p.), who translated 95 of
Galen’s books into Syriac and 39 into
Arabic.>” Hunayn is credited with writing
the first comprehensive textbook on
ophthalmology (Book of the Ten Treatises on
the Eye),8 which included the first
documented diagram of ocular and
orbital anatomy (Figure 4). He is also
credited with developing a new Arabic
medical vocabulary and curriculum,
which was later adopted by Arab scholars.’

Syriac translators employed a rigorous
philological method of translation. Histo-
rians agree that Arabic and Syriac trans-
lations of ancient medical textbooks were
considered to be of higher quality than
later Latin translations of Arabic texts.’
While Hunayn’s books were mostly
incorporated into the works of Arab
scholars, his book Masa’il fil Tibb was
translated to Latin as Isagoge Johannitii ad

parvum artem Galeni (see Figure 3) and
used as an introduction to the Articella,
or “Ars Medicine,” the medical
curriculum employed in the European
medical schools of Paris, Bologna, and
Padua. It was printed in Leipzig in 1497
and in Strasbourg in 1534. His book Ten
Treatises on the Eye was also taught in
Latin but mistakenly known as Galeni
Liber de Oculis Translatus a Demetrio.5°

SYRIAC SCHOLARS AND EVOLUTION OF
NEUROSURGERY

Hunayn Ibn Isshaq translated most of
Galen’s known corpus into Syriac, which
included his ideas on the anatomy of the
nervous system, the classification of hy-
drocephalus and intracranial hematomas,
the treatment of head injuries and spine
trauma, epilepsy, and headaches. He also
translated many of Hippocrates’ works
including those related to ancient neuro-
surgical practice, which he combined with
Galenic commentaries, such as the Apho-
risms, On Wounds in the Head, On Fractures,
and trepanations.’

Hunayn translated the Seven Books of
Paulus Aegineta, written by a Byzantine
physician from the 7th century, and famed
for his encyclopedic medical endeavors.
Along with the Greek physician and
medical writer Oribasius, he copied and
developed Hippocrates’ techniques of
spinal reduction on a flat board and
described laminectomies to treat spinal
fractures."™

Figure 3. Latin manuscripts. (A) lllustration from the /sagoge
Johannitii in Tegni Galeni, or Hunayn Ibn Isshaq’s introduction to
the Articella, the medical curriculum in medieval Europe. This
manuscript dates to the 13th century in Oxford England
(courtesy of the National Library of Medicine, Bethesda,
Maryland). Available at: https://www.nlm.nih.gov/hmd/medieval/
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articella.html.) (B) Another translated manuscript of the same
book from Paris, France in the 14th century (Public domain from
The British Library [Harley MS 3140]. Available at: https://www.
bl.uk/onlinegallery/onlineex/illmanus/harlmanucoll/t/
largeimage76150.html.)
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Figure 4. (A and B) The eye according to Hunayn Ibn Ishag. Note the
illustration of the orbit, oculomotor muscles, and their innervation. (In public
domain due to copyright expiration. 12th century manuscript. The eye
according to Hunain ibn Ishag—ophthalmology in medieval Islam. Available
at: https://commons.wikimedia.org/wiki/File:Cheshm_manuscript.jpg.) (B)
These represent the earliest known diagrams of orbital anatomy, likely
copied from earlier Syriac and Greek manuscripts (in public domain due to
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copyright expiration. Arabic manuscript from the 12th century held at the
Cairo National Library). (C) Alhazen's (Ibn al-Haytham), father of modern
optics—illustration of the optic chiasm, inspired by Hunayn Ibn Isshaq (in
public domain due to copyright expiration. 11th century manuscript of Kitab
al-Manazer, MS Fatih 3212, vol. 1, Suleymaniye Mosque Library, Istanbul.
Available at: https://en.wikipedia.org/wiki/Book_of_Optics#/media/File:

One disciple of Hunayn, Rhazes, wrote Al
Hawi (Continens) in 923 A.p. about improving
the classification, diagnosis, and treatment
of hydrocephalus.” Syriac and Arabic
translations of Galen and Celsus’s
classification of spine fractures later
contributed to a more accurate
classification and description of functional
anatomical localization of spinal injuries
written by Abulcasis Al-Zahrawi (an Anda-
lusian surgeon and the father of modern
surgery, 936—r1013 A.n.).”” Ibn Sina
referenced Hunayn Ibn Isshaq in his book
The Canon (1037 A.D.), which later became
the central textbook for European medical
schools in the Middle Ages.”

Ibn al-Haitham (Latin: Alhazen) in his
famous book On Optics in 1030 A.p. further
elaborated on Hunayn’s ophthalmologic
work and included a physical analysis of
optics. On the basis of empirical analysis,
he demonstrated for the first time that
vision occurs in the brain rather than in
the eye and is caused by light particles
reflected from the object to the retina.™*

NEUROSURGICAL ELEMENTS IN
HUNAYN'S TREATISES ON THE EYE

A philological analysis performed by the
German ophthalmologist Julius Hirschberg
in 1929 demonstrated that Hunayn’s book
Ten Treatises on the Eye® is the earliest

comprehensive book in ophthalmology.”
Although focused on the eye, our review
demonstrated elements relevant to the
field of neurosurgery. Hunayn stated, for
example, “he who wishes to know the
nature of the eye must necessarily be
informed as to the nature of the brain, as
the eye has its origin in the brain.” Like
Galen and  Hippocrates—and  in
disagreement with  Aristotle—Hunayn
believed that the brain is the “source of
perception, voluntary movement and of the
will,” operating “through nerves into all
sensory and motor organs.”8

From an anatomic perspective, the book
followed the basic teachings of Galen as
described in De Usu Partium. However,
Hunayn did not hesitate to disagree with
Galen on multiple occasions, such as
believing that the crystalline lens to be
spherical rather than flat and located in
the center of the eye.®

Neuroanatomy

Like Galen, Hunayn described 4 ventricles
in the brain: “two cavities in the anterior
part, one in the posterior part, and one in
the intervening space between them.” The
brain is vascularized by 2 pairs of arteries
arising from the heart and forming a “net”
on its undersurface (referring to the circle
of Willis). The brain has 2 meningeal
membranes, one soft (pia mater), and one

hard (dura mater). In the skull, every nerve
is surrounded by both layers, including the
optic nerve, while the orbit has a similar
covering called Epipephykos (periorbita).
Hunayn described 7 pairs of cranial

nerves: optic, oculomotor, taste and
feeling (facial/trigeminal nerve), oral cavity
(glossopharyngeal), hearing (cochlear),

intestines (vagus), and muscles of the
tongue (hypoglossal).

According to Hunayn, the optic nerve is
“larger than the other cranial nerves and
more resilient.” He references the optic
chiasm when he wrote that the optic
nerves “arise near the ventricles, meet
near the nose, then separate again, joining
the contralateral eye.”® This description
was later copied by Alhazen (see
Figure 4) and used to elaborate his
theory of optics and vision."

Hunayn proposed different theories to
explain the functional role of optic decus-
sation. In his opinion, 2 explanations hold:
1) the ability to see the whole field with one
eye at a time; and 2) avoiding double vision
when both eyes are open. Hunayn’s contri-
bution to the anatomy and function of the
optic chiasm is obviously much earlier than
that of the Persian physician Zayn al-Din
Gorgani, who was influenced by Hunayn
and also credited with being the first to
discuss functional decussation in the
chiasm (1042—1137 A.D.)."
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Figure 5. Analysis of Hunayn's orbital anatomy. (A) Rendering of
Hunayn's diagram of the orbit. Note the 3 retractor bulbi
muscles at the orbital apex around the optic nerve. M, muscle.
(B) Vesalius's eye as redrawn from De Humani Corporis Fabrica.
“The first six of the ocular muscles (H, |, K=N) are spread out
from their insertions while the seventh (O) is still left in position
on the visorius (optic) nerve.” The latter represents the
inaccurate retractor bulbi muscle. H, superior rectus; M, superior

obligue. (C) Dissection of the human orbit by Tooru Inoue from
the Online Rhoton Collection. The retractor bulbi muscles do not
exist in humans. The antiquated representation stems from
animal dissections done at the time. (The Rhoton Collection.
Reproduced with permission from the Rhoton Collection [http:/
rhoton.ineurodb.org]. CC BY-NC-SA 4.0 [https://
creativecommons.org/licenses/by-nc-sa/4.0/1.)

Orbital Anatomy

animals but not in humans. (Galen based

the openings (dissections), the muscles

Hunayn’s book contains the first historical
diagrams of orbital and ocular anatomy
(see Figures 4 and 5). Hunayn described
the 6 extraocular muscles of the eye;
however, like Galen, he added the
hypothetical “one to three” retractor
bulbi muscles (Figure 5), which exist in

many of his anatomic descriptions on
animal  specimens  since  human
dissections were banned at his time.) We
have found references for human
dissections in the later Syriac Book of
Medicines (see later),* which explained,
“According to what we have learned from

which move the eye are six in number”
and innervated by “the nerve emerging
from the second exit of the skull”
(superior orbital fissure). Although the
author also admitted the theoretical
existence of the retractor bulbi muscles,
he retained a degree of skepticism by
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Figure 6. lllustrative rendering of Hunayn's logical sequence in diagnosing optic and oculomotor nerve
affections used before the development of radiologic and ophthalmoscopic tools. Note the
resemblance to modern day algorithms in the medical literature.

writing “whether it is right for us to say
they are two, or three, or one matters
nothing in this place.” He stated that
from a functional standpoint, the first 6
muscles matter the most, and that the
only possible effect of the theoretical
muscles is to cause proptosis: “these
affect the whole eye, only outwardly ...
and the vision is unimpaired.”® This
error was even repeated by Vesalius (see
Figure 5), who refuted many of Galen’s
mistakes when he compared his findings
with actual human dissections. The
absence of the retractor bulbi muscles
was not demonstrated until later by the
Italian Fallopia in the 16th century.

Optic Nerve Pathology

In Hunayn’s sixth treatise On the Latent
Affections of the Eye, he classified the pa-
thology related to orbital nerve injuries
into oculomotor disturbances and optic
nerve affections. Oculomotor disturbances
result in paralysis or spasm with the eti-
ology originating either in the brain
(sender of the power), motor nerve
(transmitter), or muscle (receiver of the
power). He wrote, “When one of the
oculumotor muscles is paralyzed, the eye
is turned to the opposite side.”®

Hunayn’s diagnostic thought process was
based on a logical sequence similar to the
decision-making trees or algorithms used in
modern medical literature, which compen-
sated for the lack of imaging and ocular ex-
amination technology (Figure 6). Optic nerve
affections are either related to an optic nerve
injury (“swelling, obstruction, compression
or interruption of continuity”) or to a brain
lesion. Optic nerve injury is diagnosed
when the vision is affected, but “there is no
apparent changes of the eye,” such as
clouding of the cornea and the pupil. A
history of head trauma can indicate optic
nerve injury. Hunayn referenced the relative
afferent pupillary defect well before the
Scottish ophthalmologist Robert Marcus
Gunn (1850—1909) when he wrote that
“obstruction of the nerve” can be also
diagnosed “if you shut one eye and observe
whether the pupil of the other is dilated or
not.”® He also mentioned that blindness
combined with “heaviness behind the orbit
and in the head” points to a brain lesion.®

Hunayn also suspected vascular conges-
tion as an etiology for “optic nerve swelling.”
He noticed that in such instances, the “veins
of the forehead and temples might be
thickened and swollen” and recommended
“incisions of the temples and cataplasms.”

While the suggested treatment is currently
not endorsed, his rationale is not far-fetched
from the modern belief that venous
obstruction can lead to increased intracra-
nial pressure and papilledema (pseudotu-
mor cerebri from venous sinus stenosis).'”"*

SYRIAC BOOK OF MEDICINES AND
LOCALIZATION OF NEUROLOGIC INJURIES

We have reviewed the Syriac Book of Medicines
as translated by E. A. Wallis Budge, based on
a manuscript written by an unknown
Nestorian Syriac physician, which is dated to
the 12th century.* The book includes a
summary of anatomy, pathology, and
therapeutics and is translated and revised
from the works of famous Greek
physicians, such as Hippocrates, Galen,
and Dioskorides. It also includes
localization of neurosurgical deficits
(Table 1). While the book referenced the
Alexandria School of Medicine and famous
Greek scholars, it also contains medical
prescriptions that mirror findings from the
Ebers Papyrus in ancient Egypt and ancient
Mesopotamian medicine."*°

Epilepsy and Headaches

The unknown Syriac author described ep-
ilepsy or falling sickness as “a rigidity of
all members of the body”; the author was
also certain that its origin was in the brain.
Syriac physicians were meticulous clinical
observers and described the aura that
precludes an epileptic attack including
epigastric auras. For example, the text
noted “There was a certain youth who was
about thirteen years old ... the beginning
of the pain came to him from his leg, and
from this point it proceeded directly up-
wards, through his thigh and through the
epigastric region ... towards the neck up
to his head.” Capitalizing on the works of
Diaclos, the text further emphasized the
importance of the sympathetic system,
connecting the brain and the gastrointes-
tinal system.

The author thought that headaches were
either due to “membranes that surround the
brain ... or to ... that membrane which is
beneath the skin.” The author also described
migraine attacks, which involve “half the
head” and were accompanied by nausea and
vomiting. During these attacks, they
describe how the patient “wishes to lie down
ina quiet place and in the dark.” The attacks
are of episodic nature, which is described as
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