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31.1             Introduction 

 Historically, lumbar fusion has been described as 
a treatment of symptomatic spondylolisthesis, 
degenerative scoliosis and spinal stenosis associ-
ated with instability [ 1 – 3 ]. Lumbar fusion is also 
performed after posterior decompressive proce-
dure when evidence of preoperative lumbar spi-
nal deformity or instability that could worsen 
after laminectomy alone exists [ 4 ]. 

 Burns [ 5 ] reported the fi rst case of lumbar inter-
body fusion in 1933. From an anterior approach 
(anterior lumbar interbody fusion, i.e. ALIF), he 
used an autogenous tibial peg to treat an adolescent 
with spondylolisthesis. The posterior lumbar inter-
body fusion (PLIF) procedure was fi rst described 
in 1944 by Briggs and Milligan [ 6 ], who used lam-
inectomy bone chips in the disk space as interbody 

graft. In 1946, Jaslow [ 7 ] modifi ed the technique 
by positioning an excised portion of the spinous 
process within the intervertebral space. It was not 
until 1953 when Cloward [ 1 ] described his tech-
nique, which used impacted blocks of iliac crest 
autograft that the popularity of PLIF technique 
increased. The PLIF procedure was found to have 
substantially increased fusion rates, often in excess 
of 85 %. Despite controversy about the effi cacy of 
lumbar interbody fusion, because of the introduc-
tion of pedicle screw fi xation [ 8 ], some clinicians 
have continued to use this procedure as Lin [ 9 ], 
Branch [ 10 ] and Takeda [ 11 ]. Then, advances in 
bone physiology, biomechanics, and fusion 
 techniques with synthetic interbody implants have 
renewed interest in posterior interbody fusion. The 
BAK cage, which is a perforated stainless steel 
 cylinder and fi lled with local autologous bone 
graft, was developed by Bagby and Kulisch [ 12 , 
 13 ]. The concept was to use two parallel implants 
interposed between the vertebral bodies, with 
 distraction, that restored the disk space, and the 
compression of the implants against the subchon-
dral bone produces immediate stability [ 14 ]. More 
recently, interbody cages have become popular and 
are now composed of a wide range of materials, 
such as titanium mesh, carbon fi bre and polyether 
ether ketone (PEEK) [ 15 ]. Finally, the addition of 
pedicle screws increases the stability of the con-
struct and has been reported to signifi cantly 
increase the fusion rate of this  procedure compared 
with stand-alone grafts [ 16 ,  17 ].  
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31.2     Rationale 

 Damage and degeneration of the lumbar disk can 
be the result of ageing, activity and trauma. 
Therefore, the degradation of the disk matrix 
leads to loss of disk height with or without bulg-
ing of the intervertebral disk and distension of the 
ligaments that create segmental instability. Thus, 
constraints on facet joints are increased and that 
may cause deformation, hypertrophy or sublux-
ation of the facet joints like in spondylolisthesis. 
Moreover, mechanical stress causes hypertrophy 
and fi brosis of the ligamentum fl avum. All these 
processes, including decreased disk height, facet 
joint and ligamentum fl avum hypertrophy and 
vertebral endplate osteophytosis, may result in 
central canal stenosis, and/or lateral recess steno-
sis and/or foraminal stenosis [ 18 ]. Moreover, spi-
nal stenosis may be emphasised by congenital 
abnormalities, or disorder of postnatal develop-
ment [ 19 ]. 

 Nerve root and cauda equina compression 
may arise from the combination of prolapsed 
disk, vertebral bone lesions anteriorly, but also 
from degenerated facet joint and hypertrophied 
ligamentum fl avum posteriorly. Most often, 
degenerative spondylolisthesis occurs at the 
fourth lumbar vertebrae in middle-age women. 
As a result of a slipping forward of the vertebrae, 
cauda equina and spinal nerve roots may be tight-
ened between the edge behind the top of lower 
vertebrae and frontal edge of the lower part of 
upper lamina, also linked to the subluxation of 
the facet joints. 

 Imaging studies are indispensable for diag-
nostic evaluation and treatment planning in 
symptomatic patients. There are many morpho-
metric methods for the description of the spinal 
canal. Such terms as absolute and relative spinal 
stenosis are defi ned by purely radiological crite-
ria and lack any clinical correlation. Lumbar 
MRI is the standard procedure for the demonstra-
tion of stenosis and cauda equina compression. 
As reported in the literature, its sensitivity is 
87–96 % and its specifi city is 68–75 % [ 20 ]. 
Lumbar CT may be useful for the assessment of 
bone condition and potential osteoporosis with a 
view towards the planning of surgery. On the 

other hand, lumbar myelography with post- 
myelographic CT should now only be performed 
in exceptional cases. The main indications for 
this invasive study are the presence of metal 
implants in the lumbar spine that would make 
MRI uninterpretable because of artefacts [ 21 ]. In 
our practice, we perform routinely full spine 
radiograph in order to analyse sagittal balance 
and lumbar dynamic radiographs to explore seg-
mental instability. Electrophysiological studies 
are mainly useful in that they can reveal potential 
differential diagnoses. 

 One of the major objectives of spinal fusion is 
to relieve pain arising from spinal structures by 
removing potentially pain-generating disk tissue 
and stabilising one or more motion segments. 
Various methods of posterior lumbar fusion 
(PLF) have long been used for this purpose. 
Interbody fusion procedures became more widely 
used for their stabilising effect on the spine seg-
ment and as the role of the lumbar disk as a pain 
generator became better appreciated. The pri-
mary concept behind lumbar interbody fusion is 
that by removing all or most of the disk and sta-
bilising the operated segment with bone graft, the 
primary pain generator is removed. Stabilising 
the segment should then eliminate mechanical 
stimulation that may provoke symptoms and may 
avoid future problems associated with collapse of 
an unsupported space. In a biomechanical study, 
interbody fusion was found to be stiffer than pos-
terior lumbar fusion [ 22 ]. In addition, the surface 
area between the host bone and the graft is much 
greater with interbody fusion than with inter-
transverse process fusion. 

 The two primary purposes of interbody fusion 
are to relieve pain and stabilise the symptomatic 
spine segment. In cases of disk-related pain, the 
symptom-related tissue is removed. However, the 
removal of this tissue may cause the disk space to 
collapse with a concomitant narrowing of the 
foramen and related changes of the facet joints, 
causing nerve root compression. By fi lling the 
disk space with bone graft, the disk space height 
is re-established. This may also increase the 
height of the foramen. The bone graft grows into 
the bone of the adjacent vertebra, fusing them 
into a single unit. This stabilising effect is 
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 particularly important in cases of pseudarthrosis, 
spondylolisthesis, spinal instability and postlami-
nectomy syndrome. 

 Evidence supports interbody fusion over pos-
terior fusion alone in the treatment of lumbar 
disk-related pain. Weatherley [ 23 ] reported using 
discography to identify symptomatic disks at the 
level of a solid posterior fusion. More recently, 
successful outcome was reported for such 
patients with persistent symptoms despite a solid 
posterior fusion when symptomatic disks within 
the previously fused segment were treated with 
ALIF [ 24 ]. Results of a biomechanical study 
found that following simulated posterior fusion 
with pedicle screw fi xation, the intradiscal pres-
sure during spinal fl exion was as great as that 
measured in the intact, nonoperated segment 
[ 25 ]. These studies provide biomechanical and 
clinical support for the need to use an interbody 
fusion technique to adequately address pain aris-
ing from the disk. ALIF and PLIF have been 
found to be effective in the treatment of disk-
related pain [ 26 – 31 ], particularly that associated 
with a chemically sensitised disk identifi ed by 
discography [ 32 ]. Fusion not involving an inter-
body technique has yielded poor results for disk-
related pain [ 32 – 34 ]. The potential benefi ts of 
using cages in interbody fusion procedures are 
that they may increase the chances of achieving a 
successful fusion and they provide some imme-
diate stability to the operated segment whilst the 
bone graft incorporates [ 35 ]. 

 Several cages are designed to be implanted 
into the disk space using either the anterior or 
posterior approach. Based on the review of the 
literature, there is no general preference for the 
approach to be used. The decision regarding the 
type of approach should be made based on sev-
eral factors, such as the sagittal balance, pathol-
ogy present, spinal anatomy, patient’s history of 
prior surgery (either approach may be more dif-
fi cult if there is signifi cant scarring from prior 
surgeries), vascular anatomy (and conditions that 
may make an anterior procedure more diffi cult, 
such as calcifi cation of vessels) and the surgeon’s 
individual training and experience. 

 The main challenge in the surgical treatment 
of lumbar degenerative spinal stenosis is to 

achieve adequate decompression of the neural 
structures without inducing iatrogenic instabil-
ity, keeping or restoring a good lordosis and 
correcting or preventing spinal deformity. 
Sometimes nerve root decompression could be 
achieved only by restoration of the height of the 
intervertebral space and by a large opening of 
the lateral recesses and the foramen. Large 
bone resection may be indeed required. 
Decompression surgery for spinal stenosis due 
to degenerative changes producing claudication 
is successful in most patients. According to the 
literature the rate of further spinal instability is 
from 5 to 10 % and the risk of postoperative 
 additional forward slip in degenerative spondy-
lolisthesis is assessed between 10 and 18 % of 
the patients treated without fusion [ 36 ,  37 ]. 
Even if further horizontal dislocation did not 
lead to worse clinical results, it is logical for 
the surgical treatment not only to aim the most 
effi cient decompression of the neurological 
structures by using adequate bone resection and 
restoration of the intervertebral height by the 
distractive interbody fusion, but also the second 
aim for surgery is to prevent postoperative 
destabilisation by using the same intervertebral 
fusion.  

31.3     Indications 

 The principal indication for lumbar interbody 
fusion surgery is the stabilisation and fusion of 
adult spinal instability and/or deformity. 
Therefore, lumbar fusion has been described as a 
treatment of symptomatic spondylolisthesis, 
degenerative scoliosis and spinal stenosis asso-
ciated with instability [ 1 ,  2 ,  9 ,  38 ]. For those 
with lumbar stenosis but without spondylolisthe-
sis (deformity), the surgical management has 
traditionally involved posterior decompressive 
procedures, including laminectomy or laminot-
omy, and judicious use of partial medial facetec-
tomies and foraminotomies, with or without 
diskectomy [ 39 ,  40 ]. In patients with evidence of 
spinal instability, however, in situ posterior lum-
bar fusion is recommended as a treatment option 
in addition to decompression in the setting of 
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lumbar stenosis [ 39 ]. Due    to early surgical failures 
(the mean rate of poor outcome is 20 % in large 
series of  laminectomies [ 36 ,  37 ]) and late deterio-
rations due to iatrogenic instability (5–18 %), 
restenosis (7 %) or disk herniation at adjacent spi-
nal levels (10 %), careful selection of patients for 
fusion must be carried out by assessing radiologi-
cal parameters that are associated with the greatest 
risk of postoperative destabilisation. 

 Secondary indications include recurrent lum-
bar disk herniation, where extensive bony 
removal is necessary for exposure of the disk 
fragments, lateral or massive disk herniations, 
failed previous lumbar fusions by other tech-
niques and  discogenic low back pain [ 38 ]. 
Because the cause of spinal pain is not com-
pletely understood and remains controversial, 
surgical efforts to treat such conditions also 
remain controversial [ 41 ]. The description of 
 spinal pain is often referred to as “lumbar seg-

mental instability” [ 42 ,  43 ] caused by degenera-
tive disk disease [ 34 ] or facet joint syndrome [ 42 , 
 44 ] when no signs of increased motion or spon-
dylolisthesis exist [ 45 ]. 

 As a consequence, the main parameters for 
indication of fusion after surgical decompression 
are (Fig.  31.1 ) as follows:

•     Sagittal orientation of the facet joints  
•   Total facetectomy  
•   Lumbar stenosis associated with lumbar pre-

vious idiopathic scoliotic deformity  
•   Degenerative scoliosis  
•   Intracanal synovial cysts alone or associated 

with listhesis  
•   Flat back with loss of lordosis  
•   Degenerative spondylolisthesis  
•   Recurrent lumbar disk herniation  
•   Secondary displacement after failed previous 

decompressive surgery     

Lumbar degenerative
disk disease

• Severe instability

• No stenosis

• Stenosis secondary to
subligamentar herniated disk

• Previous lumbar surgery

• Isthmic spondylolisthesis

• Severe stenosis

• Stenosis due to
osteophytic/hypertrophic facets

One side Lateral
stenosis

TLIF or PLIFPLIF

Central stenosis ±
foraminal stenosis

ALIF

Antero-posterior fusion by combined approach is an alternative for all these
indications but requiring two surgical procedures

  Fig. 31.1    Surgical indications of fusion in lumbar stenosis       
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31.4     Technical Aspects (Fig.  31.2 ) 

    To perform PLIF, patients are positioned in the 
prone on chest and iliac crests rolls in order to 
lower intra-abdominal pressure and improve 
venous drainage. Arms are placed on arm boards 
with abduction limited to 80° as to prevent bra-
chial plexus injury. 

 A dorsal midline incision is made and subcuta-
neous tissues are dissected with monopolar until the 

deep fascia. This fascia is incised adjacent to the 
spinous processes bilaterally preserving supra-spi-
nous ligament. Then the para-spinous muscles are 
released from the laminae in a subperiosteal fash-
ion, and the dissection is taken out to the facets 
bilaterally until the transverse processes are visual-
ised. Lateral radiographs should be obtained to con-
fi rm the operative levels prior to arthrodesis. Then, 
soft tissues should be removed on and around the 
lamina, pars, facet joint and dorsal transverse pro-

  Fig. 31.2    Ten main surgical steps for PLIF procedure: (1) 
Complete exposure of the posterior arches of the two adja-
cent vertebras, (2) bilateral facetectomy (inferior facets of 
upper vertebra and superior facets of lower vertebra), (3) 
insertion of pedicle screws, (4) laminotomy with control of 
the adjacent nerve roots (i.e. the two upper and the two lower 

roots), (5) complete diskectomy via bilateral approach, (6) 
intervertebral distraction through the disk space, (7) cleaning 
of the end plates using curettes and/or dedicated rasps, (8) 
insertion of lordotic peek cages fi lled with autologous bone 
graft, (9) contouring of the rod, (10) rod placement with com-
pression performed along the rod between the screw heads       
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cesses including the facet capsule and intrafacet 
synovium. After    all, the fi xation with pedicle screws 
is realised prior to the decompression, therefore 
limiting the risk of neural and dura mater injury 
during screws insertion and reducing the timing 
with the canal opened (associated with potential 
epidural bleeding). In addition slight and gentle dis-
traction between the screw head using appropriate 
distractor could facilitate the insertion of the inter-
body implants. For this procedure, a facetectomy is 
done, keeping the bone that will be morselised for 
future graft, and then pedicle screws are inserted 
with lateral radiograph control  bilaterally for all 
interbody fusions. Laminotomy and foraminotomy 
can be performed as needed for neural decompres-
sion of the thecal sac and nerve roots. 

 In most cases, complete laminectomy is not 
necessary and only partial laminotomy of the 

upper vertebra is suffi cient to perform the decom-
pression and to permit the insertion of the inter-
body cages. Epidural veins must be coagulated to 
avoid bleeding and cut to move apart neural ele-
ments without tether and discover disk space. Care 
should be taken to protect neural structures with 
nerve root retractor. Another cause of epidural 
bleeding is the emissary vein of the vertebral body, 
which can be plugged by haemostatic gauze. 
Complete diskectomy and endplate preparation are 
performed, also removing the cartilaginous end 
plates using rasps. Then, spacers are inserted in 
order to progressively distract the disk space and 
determine the adequate gauge implant size 
(Fig.  31.3 ). Morselised autogenous bone, obtained 
from the laminectomy, is packed anteriorly before 
the implants are placed. According to our experi-
ence, the dimensions of the cages have to be high 

  Fig. 31.3    Main surgical steps of PLIF procedure with 
perioperative views. Control of the four adjacent nerve 
roots, i.e. right and left L4 and L5 roots for L4–L5 level, 
is crucial to avoid any damage to neurologic structures. 

Intervertebral distraction on one side can be helpful to 
complete the decompression on the other side.  uf  upper 
facet,  ds  dural sac       
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enough (at least 10 mm) and large (25 mm) to 
obtain a good primary  stabilisation and thus a good 
fusion. Also, wedge- shaped cages (8° lordotic at 
minimum) are superior to rectangular cages in 
restoring segmental lordosis and sagittal alignment 
and avoiding fl at back deformity [ 46 ]. The cages, 
fi lled with autogenous bone (perfectly cleaned 
with removal of all soft tissues), are inserted into 
the disk space with the medial aspect on the pedi-
cles bilaterally. Then pedicle screws and rods are 
compressed to restore segmental lordosis and pro-
mote fusion by graft compression. After haemosta-
sis is ensured, the wound is irrigated and closed in 
layers. A subfascial drain may be left.

31.5        Advantages/Limitations 

 Unlike posterolateral intertransverse fusion, 
PLIF is a biomechanically optimal fusion because 
the graft and/or the interbody implant maintains 
the disk height (i.e. the lateral foraminal open-
ing), protects the nerve roots, restores weight 
bearing to anterior structures and controls both 
horizontal and vertical instabilities. The cagelike 
implants (titanium or polyether ether ketone 
(PEEK) cages) meet the mechanical require-
ments for PLIF by serving both a mechanical 
function and a biologic bone growth function. 
The cages stretch the intervertebral space to its 
normal anatomic height and prevent the postop-
erative collapse of the graft. The implant is 
packed with cancellous bone graft obtained from 
the laminectomy [ 47 ]. PLIF and anterior lumbar 
interbody fusion (ALIF) with cages, without a 
complementary posterior fi xation for 360° 
 stabilisation, are associated with pseudo-arthro-
sis, secondary displacement and subsequent 
complications. The role of the pedicle screw-
based posterior fi xation is fi rst to carry out tem-
porary control of AP, lateral or rotational 
translation before the achievement of the defi ni-
tive bone fusion, second to enhance osteogenesis 
and third to allow early mobilisation without the 
need of a postoperative corset to avoid external 
contention (except in case of osteoporosis), loss 
of lordosis and further destabilisation at the adja-
cent level to the arthrodesis. 

 PLIF is neither useful nor safer when reoper-
ations are performed and in which the spinal 
canal was already opened. There exists an 
increased risk of dural breach and neural injury 
due to fi brosis and nerve root distortion. ALIF or 
TLIF may be a good alternative for these 
patients, thus avoiding the dissection in the 
region of the  epidural fi brosis. Another draw-
back of this technique is the blood loss that can 
be excessive, particularly in older patients. Also, 
in patients with a high pelvic incidence, ALIF 
may be a better alternative. ALIF facilitates a 
good fusion and restores an optimal sagittal bal-
ance. This parameter is crucial to respect, 
because the L4–S1 segment represents two-third 
of the total lumbar lordosis. As a consequence, 
arthrodesis should be performed with these 
parameters in mind.  

31.6     Complications (Table  31.1 ) 

    Posterior lumbar interbody fusion provides 
 circumferential release of the dural sac and/or 
nerve roots as well as a biomechanically stable 
construct with anterior and middle-column load 
sharing combined with pedicle screw devices. 
However, PLIF has some risks for surgical com-
plications [ 48 ]. Along with risks related to the 
surgical approach, the use of implants increases 

   Table 31.1    Complications due to PLIF procedures   

 Perioperative complications  Late complications 

 Dural laceration, cerebrospinal 
fl uid (CSF) leakage: 4–17 % 

 Subsidence rare 

 Pseudarthrosis: 
2–15 % 

 Neurological complications:  Cage migration: rare 

   Transient (radicular pain, 
weakness) 3–17 % 

    Adjacent segment 
disease (no specifi c 
to PLIF): 3–11 % 

   Permanent (radicular pain, 
weakness) 0–7.5 % 

 Deep wound infection: 0.5–5 % 

 Hematoma: 1.2 % 

 Pedicle screw misplacement: 4 % 

 Injury to major abdominal 
vessels 

 Pulmonary embolism: 0.4 % 
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the risk for additional complications [ 49 ]. 
Complications are divided here into perioperative 
complications that occurred during and within 
1 month of surgery and late complications after 
1 month of surgery. 

31.6.1     Perioperative Complications 

 The incidence of perioperative complications 
following single-level PLIF has been reported to 
be 18–37.5 % [ 48 ,  50 ], and the incidence after 
two- level PLIF has been reported as 46 % [ 51 ]. 
Moreover, Deyo et al. found that patients who 
underwent lumbar surgery with fusion had a 
complication rate twice as high as those who 
underwent surgery without fusion [ 49 ]. Amongst 
several kinds of fusion techniques, PLIF is con-
sidered one of the most technically demanding 
procedures and a defi nite learning curve exists. 
One of the most dangerous manipulations in 
PLIF is excessive retraction of the dural sac 
with the cauda equine and nerve roots whilst 
removing disk material and inserting cages and 
bones. Nerves are often taut and immobile 
because of severe adhesion due to canal steno-
sis. Surgeons may unknowingly retract the dural 
sac beyond a critical pressure and/or period 
whilst concentrating on the disk space. 
Neurological defi cits have been reported in only 
2 % of patients after posterolateral lumbar 
fusion, in which access to the disk is not required 
[ 52 ]. Hosono et al. found that the surgery dura-
tion  was the only signifi cant risk factor for neu-
rological complications and therefore suggested 
that the dural sac or roots should have been 
retracted for unusually long periods in patients 
presented with neurological defi cits [ 49 ]. Also, 
the rate of neurological complications in proce-
dures with total facetectomy is much lower than 
procedures with partial preservation of facet 
joints. It may reduce the intensity and period of 
retraction of the dural sac and nerve roots and 
the risks of neurological complications by tak-
ing advantages of the large working space pro-
vided by total excision of bilateral facet joints. 

 As a consequence, perioperative complica-
tions of PLIF procedures are as follows:

•    Dural laceration, cerebrospinal fl uid (CSF) 
leakage: 4–17 % [ 53 ,  54 ]  

•   Neurological complications
   Transient (radicular pain, weakness) 3–17 % 

[ 54 ,  55 ]  
  Permanent (radicular pain, weakness) 0–7.5 % 

[ 54 ,  55 ]     
•   Deep wound infection: 0.5–5 % [ 49 ,  53 ]  
•   Hematoma: 1.2 %  
•   Pedicle screw misplacement: 4 %  
•   Injury to major abdominal vessels [ 56 ]  
•   Pulmonary embolism: 0.4 %     

31.6.2     Late Complications 

 The intracorporeal penetration on the cages or 
subsidence, and thus the loss of the restored 
intervertebral height, is perhaps the most signifi -
cant late complication. It mainly occurs in osteo-
porotic patients, but remains rare – one patient in 
the authors’ series [ 55 ]. 

 Pseudarthrosis is an uncommon complication 
of PLIF – less than 2 % [ 54 ,  55 ]. 

 Cage retropulsion after PLIF is another com-
plication that has been described. The risk factors 
are insuffi cient cage size, multilevel fusion, inad-
equate seating of the cage anteriorly and surgery 
at segment L5/S1. Fundamental techniques in 
performing PLIF must be mastered as follows:

•    The degenerated disk materials must be 
removed and the end plates cleaned from car-
tilaginous layers thoroughly.  

•   The cage must be inserted without damaging 
the bony end plates.  

•   Undersized cages should not be selected.  
•   Adequate compressive force must be applied 

to the disk space by the pedicle screws.  
•   Use of lordotic cages [ 57 ].    

 A prospective randomised study reported that 
fusion accelerates degenerative changes at the 
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adjacent segment of the fused spine, compared 
with naturally occurring changes [ 58 ]. Spinal 
fusion alters the biomechanics of spinal motion 
and increases intradiscal pressure or the load on 
facet joints of the adjacent motion segment of the 
fused spine [ 59 ]. Within 5 years of lumbar fusion 
surgery, the clinical incidence of symptomatic 
adjacent segment disease (ASD) is reportedly 
5.2–18.5 % [ 59 ] and the incidence of additional 
surgery for symptomatic ASD is reportedly 
3–11 % [ 60 ,  61 ]. Moreover, the deterioration rate 
for repeat PLIF (44 %) [ 62 ] is higher than that for 
initial PLIF (5.2–18.5 %) [ 59 ]. Biomechanical 
studies have demonstrated greater intradiscal 
pressure at the adjacent segment in double-level 
fusion than in single-level fusion [ 59 ]. This is one 
reason why repeat PLIF leads to higher incidence 
of ASD than the initial PLIF. Deyo et al. [ 63 ] 
reported in their study of 31,543 patients with 
surgery for lumbar stenosis that prior spinal sur-
gery was the strongest risk factor for repeat sur-
gery and that the hazard ratio for this was 1.58. 
These results suggest that patients undergoing 
repeat PLIF for ASD would incur more risk fac-
tors for additional surgery than those undergoing 
single- or double-level PLIF at the initial surgery. 
Furthermore, age was reported to be a major risk 
factor for ASD [ 59 ,  60 ].   

31.7     A Comparison of PLIF 
and TLIF 

 Interbody fusion techniques have been developed 
to preserve the load-bearing capacity of the spine, 
restore local lordosis and facilitate compressive 
loading onto interbody graft – all of which 
enhance the potential for fusion acquisition [ 64 ]. 
Lumbar interbody fusion with supplemental pos-
terior pedicle screw fi xation (“circumferential” 
fusion), based on biomechanical evaluation, sta-
bilises all three columns of the spine and has 
been used routinely for the operative treatment of 
painful spinal disorders. PLIF, TLIF and ALIF 
approaches are the most frequently performed 
options and, when accompanied by posterior 

pedicle screw fi xation, result in circumferential 
fusion. Each of the former procedures has advan-
tages and drawbacks. 

 Posterolateral graft and fi xation is easily 
added to the PLIF, further enhancing spinal sta-
bility and the induction of fusion. 

 Unfortunately, the PLIF is usually limited to 
use at levels below L3, because of the risk of 
damage to the conus medullaris and to the cauda 
equina that may result from bilateral root retrac-
tion here. The suggested modifi cation of PLIF 
presented by Harms and Jeszenszky [ 65 ], the 
TLIF, is equivalent to the PLIF and is simpler and 
safe, and some believe superior in result. The 
technical advantages of the TLIF include avoid-
ance of thecal sac and/or nerve root retraction 
injury, safe performance below L3 and a decrease 
in epidural bleeding and scarring [ 65 – 67 ]. Harms 
and Jeszenszky, in their presentation of the origi-
nal TLIF procedure, as well as many other 
authors of biomechanical reports, have recom-
mended additional posterior pedicle screw fi xa-
tion to enhance stability. 

 The PLIF and TLIF are familiar to most spine 
surgeons and both require only a single approach. 
These two procedures have therefore recently 
become the most popularly used techniques to 
treat spinal disorders. They are associated with a 
few differences with regard to the actual surgical 
technique, however. The TLIF requires a com-
plete unilateral facetectomy and spares the con-
tralateral lamina, facets, and pars interarticularis. 
The PLIF procedure requires a bilateral laminot-
omy as well as partial, and at times complete, 
facetectomy to place an adequate interbody 
spacer device. The TLIF implants are usually 
semilunar and only one is implanted, whereas 
those used for PLIF are cubic or cylindrical in 
shape and are placed in pairs resulting in a greater 
surface of bone graft and better distribution of 
loads. With the PLIF procedure, a portion of the 
posterior longitudinal ligament (PLL) is cut to 
position the interbody space devices, whereas the 
TLIF procedure preserves most of the PLL [ 68 ]. 

 On the other hand, the diskectomy and  clearing 
of end plates performed during PLIF procedure 
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via bilateral approach are probably more com-
plete and have better quality compared to TLIF. 

 From a biomechanical consideration perspec-
tive, Sim et al. showed that the PLIF provides a 
higher immediate stability than the TLIF,  especially 
for the lateral bending motion. The implant  position 
in the disk space, however, is not an important 
 factor for the immediate stability of a single-level 
TLIF. If the TLIF implant is placed further anteri-
orly, although there were no  statistically signifi cant 
differences in this study, there is a tendency for this 
position to be more stable [ 68 ]. 

 Another difference between PLIF and TLIF is 
that performing a TLIF at the L5–S1 segment is 
quite diffi cult due to the pelvic position that 
 prevents the good positioning of the cage in the 
disk space.  

31.8     Tips and Tricks 

•     During exposure, a goal should be to avoid 
dural tear and nerve roots injury that can result 
from the manipulation of instruments and also 
to reduce the amount of bleeding coming from 
the canal (epidural veins).  

•   During the procedure when the nerve roots are 
retracted to prepare the disk space, there is 
most often signifi cant bleeding that arises 
from the emissary vein of the vertebral body. 
This may be diffi cult to stop. The most 
 effective strategy is to clog the vein with 

 haemostatic gaze and thus to perform an 
embolisation of the vein.  

•   When preparing the disk space, the vertebral 
bodies must be maximally distracted in order 
to put the higher cage (10–12 mm of height in 
most cases). The distractor used should be 1 or 
2 mm higher compared to the implant to facil-
itate the insertion of the cage on the contralat-
eral side. It also facilitates the decompression 
of the nerve roots in the foramen and confers 
maximum stability to the spine – thus avoid-
ing the retropulsion of the cage.  

•   Morselised and perfectly cleaned bone is 
compressed into the cage, but the area of 
fusion is quite reduced. To enhance the chance 
of fusion, we also put morselised bone into the 
anterior disk space before inserting the cages.  

•   The fi ve key points to restore lumbar lordosis 
during PLIF procedure are as follows:
    1.    Patient positioning   
   2.    Use of lordotic cages   
   3.    Optimal size for the cages   
   4.    Optimal AP placement of the cages (placed 

at the anterior part of the disk space)   
   5.    Posterior inter-pedicular compression after 

cage insertion         

31.9     Clinical Cases 

 Clinical cases are illustrated in Figs.  31.4 ,  31.5 , 
 31.6  and  31.7 .

  Fig. 31.4    CT scan in sagittal and coronal views that demonstrate a solid fusion with remodelling of the bone graft 
between L4 and L5 after a PLIF procedure       
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  Fig. 31.5    A 54-year-old woman operated with an L4–L5 PLIF procedure because of a degenerative L4–L5 spondylo-
listhesis with an intra-canalicular synovial cyst       

  Fig. 31.6    A 56-year-old man who underwent an opera-
tion for lumbar stenosis via an L3–L4 PLIF procedure that 
suffered postoperatively from left cruralgia. An emer-
gency CT scan was performed, which demonstrated mor-

selised bone graft located in the left recess ( red arrows ). 
The patient underwent immediate reoperation to decom-
press the nerve root and remove the bone graft that had 
migrated into the canal       
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