s sl s 4l s

JAS 3 gane (5 ol Km‘ﬁmﬁiﬁhgﬁ;g

A 3 il gleal L ol 1005 ICLEY S jar A9 AN B8 gl s

Al a5 gl e 4 gl




Outcome of Surgical Fixation to Cervico-
Thoracic region: A Systematic Review
and meta-analysis

Submitted for partial fulfillment of the requirements of the
degree of Master of orthopedic surgery
By
Wassim Abouzeid Ali Fooz
M.B.B.Ch

Under supervision of

Professor Dr. Mohamed Maziad

Professor of orthopedic surgery
Faculty of Medicine, Ain Shams University

Assist. Professor Dr. Mohamed Fawzy
Khattab

Assistant professor of orthopedic surgery
Faculty of Medicine, Ain Shams University

Faculty of medicine, Ain Shams university, 2021






Tist of Contents

Title Page No.
ISt OF T AL o e 4
List Of Figures ....ouuuuieeeieiceeeeeceee et e e e 5
TNETOAUCTION ..eneeeee e e e eee e e aans -1-
AT OF the WOTK ..o 3

Review of Literature

» Approaches and Fixation of Cervicothoracic Junction ......... 23
» Biomechanics of Cervicothoracic Junction...............c.cceeeeee... 33
Patients and Methods...........coeeeiiiiiiiiiiiiiee e 37
ReSUIES ..coiiiie e 43
DISCUSSION .euuiiiiiiiieeieiieeieetee ettt e e e e e e e e e e e e e 52
CONCIUSION ...veiiieiiiieeie et e 55
N 100000002 oy 0T 57
References .....ccoiiiiiiiiieieee e 59

Arabic Summary



Table No. Title Page No.

Tist of Pables

Table 1:

Table 2:

Table 3:

Table 4:

Table 5:

Summary of patients and study

CharacteriStiCS: oottt

Summary of patient’s characteristics in all

Complications recorded of anterior

P20 0] ) (0 F= el 0 1<

Complications recorded of posterior

APPTOACNES ... .uvviviiiiiiiiiiiiiiiiiieieeeieteeeeeeeeaeaeeaeaaanaaee

..... 43



Tist of Origures

Fig. No. Title Page No.
Fig 1: Bony landmarks of posterior cervical
SPINE.....covviieine, 5
Fig 2: Picture showing the 4th-6th layers of neck muscles........... 6
Fig 3: Ligamentum nuchae.................ooooiiiiiiiiiiiii e 8
Fig 4: Lower two cervical and upper two thoracic vertebrae,

morphological changes...................cooiiiiiii 11
Fig 5: Posterior view of the cervical spine after complete removal

of C5-C7 laminas and lateral masses........................... 12
Fig 6: Anterior landmarks of their vertebral level correlates........13
Fig 7: Anterior cervical dissection plane.............................. 14
Fig 8: Picture showing course of right and left recurrent laryngeal

0] 0 P 15
Fig 9: Longus collimuscles.........c..coviiiiiiiiiiiini 17
Fig 10 T2-T3 level at suprasternal notch and t4-t5 level at sternal

ANGLE. . o 18
Fig 11 Sibson fascia and its relation................coooiiiiiiinn.L. 18
Fig 12 Visceral compartment of the neck........................... 19
Fig 13 Sagittal section showing the different fascia of the neck......20
Fig 14 Picture showing vascular, venous ad lymphatics of the

superior mediastinum .........c.vviiiiinieiiiiiieiie e 22
Fig. 15: Criteria for use of the standard Smith-

Robinson approach .........ccccceeooiiiiiiiiiiiiiieeeeieeeeene, 24
Fig. 16: Schematic of the supraclavicular approach to

the anterior cervicothoracic junction........................ 25
Fig. 17: Incision for the transmanubrial-

transclavicular approach. .........c..cccceeeeeeeiiiiinnnie. 26
Fig. 18: Deep dissection of the transmanubrial

tranclavicular approach............cccccoeveeeeeeeiiiiniiiiinnnnnn. 26



Tist of Grigures con.

Fig. No. Title Page No.
Fig. 19: Incision for the transsternal approach..................... 27
Fig. 20: Structures exposed during transternal

APPTOACH .oevviiiiiieii i 28
Fig. 21: Transpedicular approach............ccceeeeiiiiiiiinnnnnnnin. 30
Fig. 22: Transpedicular corpectomy..........cccceeeveeeeeeeeeeeeeennnnn. 30
Fig. 23: The costotransversectomy approach ........................ 31
Fig. 24: The lateral extracavitary parascapular

extrapleural approach incision ........cccccceevveeeeeenennnn.. 32
Fig. 25: Dissection plane for the the lateral

extracavitary parascapular extrapleural

APProaCh. ..ooooiiiiiiiiiii e 32
Fig. 26: Illustration of 3 cervicothoracic junction

construct types, with a smaller rod diameter

on the left side (3.5 mm) than on the right

side (4.0 MIM) cooeveiiiiiiiieeee e 35
Fig. 27: Posterior segmental instrumentation

crossing the cervicothoracic junction (C7-T7)

using C7 and thoracic pedicle screws, 5.5-mm

rods, and two cross-links.........cccooeeeiiviiiieiiiiiiiieeennnnn. 36
Fig. 28: PRISMA flow chart for study selection. ................... 42
Fig. 29: Chart showing pathologies according to

different approaches..........ccccceevvviiiiiiiiiiiiiiiiiiieeeee, 46
Fig. 30: Chart showing neurological outcome between

anterior and posterior approach................ccceevvvnneen. 47
Fig. 31: Chart showing Rate of Complications in

Anterior Approaches ........ccccccovvvviiiiiiiiiieiiiniiee 50
Fig.32: Chart showing Rate of Complications in

Posterior Approaches ..........cccccuvvvvveeeeeeneeeneeennnnennnnnn. 50






CIntroduction &

INTRODUCTION

S/urgical fixation of the cervicothoracic spine is difficult due
Dto the complex anatomy and biomechanical properties of
this area. Several important vascular, visceral and soft tissue
structures make access to this region challenging and
knowledge of theses structures is essential for decompression
and fixation.

Pathologies at the cervicothoracic junction are relatively
uncommon but include infections (bacterial or tuberculous),
fractures (trauma, primary bone tumors, meningeal tumors)
congenital connective tissue and skeletal disorder and disc
herniation @.

Up to 80% of the unstable cervicothoracic pathologies
can be accompanied with neurological deficit and require
surgical treatment. Unfortunately, injuries to this area are often
missed on routine radiological studies . The goals of surgery
are decompression, immediate stabilization, restoration of the
spine alignment for early rehabilitation.

Posterior approach is commonly used in many disease of
the spine but is inadequate when targeting the anterior spinal
elements and thus, it can result in a higher complication rate
and can disturb spinal stability ®. For these reasons, different
posterolateral and anterior approaches have been developed.
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The first posterolateral approach described was the
costotransversectomy which gave a good exposure to the
middle and lower thoracic spine but was inadequate to
approach the upper thoracic region ®. In 1976, Larson and
colleagues ® developed a lateral extracavitary approach, which
provided a better exposure to the middle and lower thoracic
spine with less complications and morbidity rate. However, this
approach was limited by the shoulder girdle for exposure of the
upper thoracic spine. In 1991, a lateral parascapuar extrapleural
operation was described and provides exposure to the upper
thoracic spine up to C7 end plate ©.

Anterior, supraclavicular approaches to the cervicothoracic
junction, were firstly described by Jonesco and Brunig in 1923
() However exposure of the thoracic region was restricted by
the presence of the clavicule, so the tansclavicular and
transmanubrial approach was developed by Sundaresan and
colleagues ® in 1984 and modified by Birch and colleagues ©
in 1990.
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AIM OF THE WORK

'fl[’/he aim of this review is to compare these different surgical
approaches, indicating pathologies, outcomes and
complications.
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Chapter 1

SURGICAL ANATOMY

I. Surgical anatomy of posterior subaxial spine and
cervico-thoracic junction

a. Surface Anatomy and Bony Landmarks

Several landmarks can be palpated on the posterior aspect
of the cervical spine. Superiorly, the external occipital
protuberance marks the midline of the occipital region. More
laterally, a small bony bridge, the superior nuchal line, can be
felt. Inferiorly and more lateral, the mastoid process can be
palpated. The tip of the transverse process of the atlas lies just
inferior to the tip of the mastoid process. The spinous processes
of the cervical spine mark the posterior midline and could be
palpated through the ligamentum nuchae. The most superior
spinous process is that of the axis vertebra and is quite large
and can be easily felt while the spinous processes of C3-C6 are
bifid and located slightly more deep. The C7 and T1 spinous
processes are more pronounced and not bifurcated. The
zygapophysial joints are found about 25 mm lateral from the
midline (fig 1).
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External occipital
protuberance

Superior nuchal line
Inferior nuchal line
Mastoid sulcus
Mastoid process
Transverse process C1
Spinous process C2

Spinous process C7

Fig. 1: Bony landmarks of posterior cervical spine
b. Relevant Muscular Anatomy

The posterior aspect of the cervical and the upper
thoracic spine are covered by six muscle layers %%,

Deep to the skin and the subcutaneous tissue, the first
layer, is formed by the trapezius and the sternocleidomastoid
muscles. They both insert to the occipital bone and are covered
by the superior nuchal fascia.
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Fig. 2: Picture shows the 4-6th layers of the neck muscles.

The second layer includes three muscles: the levator
scapulae, the rhomboid minor muscle and the rhomboid major
muscle. They lie deep to the trapezius muscle and are inserting
on the medial border of the scapula.

The third layer is formed by the serratus posterior
superior muscle, a thin quadrangular muscle, the fourth layer
is formed by the splenius capitis muscle, a thin and flat muscle
covered by the deep nuchal fascia.

The fifth layer is formed by a large group of back
muscles called the erector spinae located just deep to the
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splenius capitis muscle. They can be divided into three groups
of muscles: the group of the iliocostalis, the longissimus and
the spinalis muscles (from lateral to medial). Each of them can
be divided according to their insertion into three subgroups:
thoracis, cervicis, and capitis.

The sixth layer contains transversospinalis group of
muscle which is the most important segmental stabilizers of the
spine. They generally originate from transverse processes and
attach to spinous processes. This muscle group is made up of
the semispinalis, multifidus, and rotatores muscles (Fig 2).

c. The ligamentum nuchae

The ligamentum nuchae can be compared the
supraspinous and intraspinous ligaments of the thoracic and
lumbar spine (Fig 3).

Its function is to resist flexion of the cervical spine ®?. It
Is composed of two parts:

e The superficial part is strong and forms the funicular
portion, made of a thick fibroelastic membrane extending
between the external occipital protuberance and the spinous
process of C7. It joins the superficial and deep cervical
fascias and the aponeurosis of the trapezius muscle.

e The deep part, the lamellar portion is made by a double-
walled septum separating the multiple layers of the muscles




