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I am pleased to know that Dr. Satish Rudrappa, 
President of Neuro Spinal Surgeon’s Association, 
has compiled a monograph on lumbar inter-
body fusion (LIF) to be released on the occasion 
of 2019 Neuro Spinal Surgeon’s Conference. It 
is pleasing to note that in this era of minimally 
invasive spinal surgeries, the editor-in-chief has 
chosen to compile the history, evolution, and 
recent developments in the field of LIF, which 
clearly indicates its enormous importance in 
the field. 

The most important aspect in treating spinal 
disorders is the maintenance of sagittal balance 
as mentioned by the editor in his column. It is 
indeed the anchor for a good functioning spine.

The editor has taken pains to invite con-
tributors from across the world to cover 
each and every aspect of the topic so that the 
monograph looks almost like a book in the 
archives. Right from the good old posterior LIF 
that I practiced and propagated, to the writ-
ing on minimally invasive surgery (MIS), and 
endoscopic transforaminal LIF, the editor has 
made humungous efforts to compile these  
methodically. The editor-in-chief has also viv-
idly described the techniques of MIS which 

all aspiring young spinal surgeons will find 
educative. 

Oblique or anterior techniques are re- 
emerging, especially in surgeries to treat 
deformities. But the general feeling that eve-
rything can be approached by posterior routes 
has kept these approaches dormant. However, 
the re-emergence of these techniques and their 
utilities have been well-described by the con-
tributors who have written the chapters. For 
a person like me, these chapters hold extreme 
importance from the point of view of recent 
developments in LIF techniques.

In the current world, there is a big hue and 
cry over the implants being overused. The 
message from the chapter on “Implants and 
Biologics in Lumbar Interbody Fusion” should 
be perceived intelligently.

Dr. Satish Rudrappa is not only a hardwork-
ing and intelligent neuro spinal surgeon, but 
also highly research-oriented in the field of 
medicine. I am confident that this monograph 
will prove to be instructive and a useful bible 
for all the readers. I would also like to keep a 
personal copy in my library.

Foreword

Dr. P. S. Ramani 
Founder President, Neuro Spinal Surgeons Association, India
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It is fascinating to see how lumbar spine sur-
gery has evolved over centuries, from external 
manipulation to endoscopy guided minimally 
invasive surgical techniques in the recent 
decade. The most common pathology affecting 
the lumbar spine is degeneration. 

There are different ways a surgeon thinks, in 
approaching a lumbar pathology. The ultimate 
aim for any surgeon in such a situation is to pro-
vide adequate decompression and reconstruct 
the spine to its normal anatomy as much as pos-
sible. Achieving sagittal balance of lumbosacral 
spine is the key for mobility in humans. Lumbar 
interbody fusion (LIF) is indispensable in restor-
ing this balance in the diseased spine. 

There are different approaches available for 
performing an LIF and the choice of surgery is 
influenced by multiple factors like patient’s 
clinical presentation, X-ray, and MRI profile. 
Making the appropriate choice of surgery has 
a definite impact on postoperative long-term 
outcomes.

The purpose of this book is to discuss the 
advantages and shortcomings of each LIF pro-
cedure and the need to pick the right approach 
or a combination of approaches for the ultimate 
benefit of the patient. I sincerely believe and 
wish that the readers, especially spine surgeons, 
will benefit from this monograph.

Note from the Editor-in-Chief

Satish Rudrappa, MCh (Neurosurgery), FASS (USA), FRCS (Glasgow)
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 1  History of Lumbar Interbody Fusion
P. S. Ramani, Sumeet Sasane, Apurva Prasad, Achal Gupta, Kumar Abhinav

Introduction

History is very important and an integral 
component of any man-made technological 
advancement, especially in the field of medicine.  
The history of treatment for any spinal disease 
follows the same path as any other medical ill-
ness dating to the beginning of human history.  
Indian and Egyptian texts reveal descriptions 
of spinal instability as early as ca. 1550 BC. 
Hippocrates (460–377 BC), the Greek physician, 
may have been a pioneer in describing spinal 
conditions in a scientific manner, and many 
physicians followed his teachings.1,2 Hence, it 
is evident that the concept of “spine correction 
and stabilization” existed for centuries, but the 
way to do so was not clear until the late 19th 
century (Fig. 1.1). Today, in the modern era, 
numerous surgical techniques are available for 
the stabilization of the spine. After reviewing 
from a historical perspective, it will be apparent 
how dependent we remain upon the work of 
those who came before us so that we can write 
further on any new advances. However, many 
times new discoveries are serendipitous.

Historical Background

The evolution of external spine-fixation devices 
was during the 15th and 16th century when 
physicians tried to understand the complex bio-
mechanical mechanisms of the spine.3,4 Later, 
the management paradigm shifted toward 
surgery because of the discovery of anesthesia 
and antisepsis in 1846 and 1867, respectively.5  
The first surgical attempt in spine was by 
Berthold Hadra,6 a Prussia-based surgeon from 
Texas, in 1891. He attempted to stabilize an 
8-month-old dislocated fracture of the sixth 
and seventh cervical vertebrae. He incised 
from occiput to first thoracic vertebra and tried 
to fuse the adjacent spinous processes using 
silver wires in a figure-of-8 fashion (Fig. 1.2). 
But he was modest enough to give the credit 
to Wilkins, who had successfully done a similar 
procedure before him in treating a dislocated 
fracture of the dorsolumbar region. There was 
a substantial rise in tuberculosis (TB) leading 
to a high prevalence of Pott’s spine and spinal 
deformities in the 18th and 19th century. This 
leads to the discovery of internal stabilization of 
spine starting from cervical spine and gradually 
finding its way to the lumbar spine. Following 
Hadra, Chipault performed the same wiring 
technique for internal fixation of five Pott’s 
spine cases by 1895.7 In 1908, Fritz Lange8 tied 
tin-plated steel rods to the spine with wires. 
However, he gave up on using steel due to cor-
rosion issues.

The Concept of Spinal Fusion 
Using “On-Lay” Bone Graft

Fred Albee9 and Russel Hibbs10 from New York 
laid the scientific foundation for lumbar fusion 
through their technique of posterior on-lay 
bone grafting for patients with TB spine. They 
published their results independently in 1911. 
Later, surgeons adapted the same technique for 
the correction of scoliosis or spinal fractures. Fig. 1.1 Hippocrates.
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Fig. 1.2 Berthold Ernest Hadra (a), a physician and surgeon from Prussia who revolutionized spinal surgical 
techniques and the figure-of-8 interspinous wiring (b).

ba

This technique was further elaborated by other 
surgeons adding iliac crest or tibial bone grafts. 
As a matter of interest, within a short period of 
time, Albee preceded Hibbs in using grafts. He 
compared the strength of bone grafting over 
internal metal splints and found high rates of 
failure of rods and wires due to direct absorp-
tion and bone atrophy.

Posterior approach gained popularity and 
small case series on spine instrumentations 
started coming up. Campbell in 1920 first 
described trisacral fusion through autografting 
from iliac crest to the transverse processes of 
L4/L5 vertebrae.11 This is the first documented 
“lumbosacral fusion” technique, which laid 
the foundation for successive posterior spinal 
instrumentation techniques. However, non-
union due to corrosion of implants was a major 
concern. In 1933, Ghormley12 used iliac crest 
grafts on the transverse processes for fusion 
and following this, it became the procedure of 
choice and gained popularity among contempo-
rary surgeons.

In 1936, Venable and Stuck introduced 
Vitallium13 (an alloy of cobalt, chromium, and 

molybdenum) that was inert and resistant to 
corrosion, overcoming the major issue with 
steel. In the late 1940s, King adapted Hibbs’ 
technique by adding facet screw.14–16 He was the 
first to use vertebral screw fixation and thereby 
immediately obtaining good rigid fixation, 
avoiding prolonged brace immobilization. But 
the short screws in the facets resulted in high 
incidence of pseudoarthrosis.17 Despite several 
modifications to the technique, the incidence of 
pseudoarthrosis remained an ever-unsolvable 
problem in surgeries with on-lay bone grafting.

Evolution of “Interbody” 
Fusion Procedures of the 
Lumbar Spine

The Anterior Lumbar Interbody 
Fusion
The anterior approaches emerged in the 1930s 
(by Burns and Capener) mainly for treating 
spondylolisthesis. In 1933, Burns performed 
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anterior fusion, through an anterior transperito-
neal approach by left paramedian incision, drill-
ing a hole in the fifth lumbar vertebra and filling 
it with autograft. This procedure had good post-
operative outcome but the recovery was  
prolonged. This anterior approach claimed to 
have key advantages.18,19 It provides a direct 
midline view of the disc space and efficient 
preparation, leading to high fusion rates. It also 
facilitates maximization of the implant size and 
surface area and, thereby, aggressive correction 
of lordosis and foraminal height. Nonetheless, 
Mobbs et al20 reported approach-related com-
plications such as retrograde ejaculation and 
visceral and vascular injury. Moreover, ante-
rior lumbar interbody fusion (ALIF) is not suit-
able at L2–L4 vertebral level (retroperitoneal 
retraction and risk of superior mesenteric artery 
thrombosis).

Posterior Lumbar Interbody 
Fusion
Since anterior approaches were associated with 
significant morbidity and prolonged recovery 
time, Briggs and Milligan in 1944 revolution-
ized fusion surgeries and described a novel 
technique, combining a posterior approach 
with interbody fusion technique. It involved 
wide laminectomy, facetectomy, discectomy, 
and usage of a round bone peg for stability. This 
principle was later adapted by Cloward21 and 
he described the first posterior lumbar inter-
body fusion (PLIF) procedure with few modifi-
cations. He used multiple small tricortical grafts 
from the posterior iliac crest and allografts from 
cadaver, thus further improving fusion rates up 
to 85%.21 However, this was not gaining popu-
larity, as it was very difficult and not every 
surgeon could achieve his expertise. Several 
surgeons adapted their own techniques to make 
PLIF simpler and more attractive, so that maxi-
mum number of surgeons can use it.

Lin from Philadelphia was one of the spinal sur-
geons who successfully advocated PLIF using 
only cancellous bone from the posterior iliac 
crest.22 He described the principle of “Unipour 
Concept.” His concepts were also based on 
“Flagpole concept” as described by a biome-
chanical engineer named Evans.23 It states that 
a flagpole should be rooted to the ground by 

three wires so that it can remain stable. In a 
spine scenario, the three wires are anterior lon-
gitudinal ligament, facet joints laterally, and 
the interspinous and supraspinous ligaments.  
The lumbar interbody fusion (LIF) represents 
the flagpole here. However, there were short-
comings with Lin’s construct as it was too soft 
and caused early settlement with foraminal 
stenosis. Despite all these modifications, stand-
alone posterior interbody fusion fell out of favor 
due to technical difficulties, potential serious 
complications, and low fusion rates.

Ramani’s construct contains a mixture of 
cancellous portion of bone (auto and allo) 
to make a 5-mm layer at the base and at the 
sides.24 He added two tricortical bone graft from 
his own bone bank in the center and two bi-
cortical bone graft from the posterior iliac crest,  
which improved the fusion rates (Fig. 1.3).

Understanding Spinal 
Biomechanics—Emergence of 
the Pedicle Screw

Up till this stage, following any spinal fusion 
procedure, the patients had to be immobilized 
for a prolonged period; at least 6 weeks depend-
ing on the extent of instability. They will be cau-
tiously mobilized with rigid lumbar brace, with 
or without hip lock, and will be allowed to sit 
up only after another 2 weeks. After spending 
several months postoperatively, walking would 
be initiated but by then, most of the patients 
will lose the zeal to work anymore.

Boucher described placing screws in the 
pedicle in 1959, but it was Roy Camille from 
France in 1970 who described sagittal screw 
placement across three columns: from articu-
lar process through the pedicle into the body 
and combined them with a plate construct.16 
Harrington combined pedicle screws with his 
rod system, which was originally developed for 
treating scoliosis (Fig. 1.4). He felt that stand-
alone spinal instrumentation without fusion 
often resulted in implant failure owing to a 
race between development of fusion and failing 
implant material. The insight that instrumen-
tation and bone grafting should be combined 
was a major step ahead in spine surgery.25,26  


