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Introduction

A variety of minimally invasive surgical (MIS) techniques 
have been developed to reduce the morbidity associated 
with traditional open spinal surgery (1). Because MIS 
procedures involve reduced exposure, narrow surgical 
corridors, and/or novel approaches to minimize damage to 
surrounding tissues, they introduce a unique set of potential 
complications. The literature suggests that surgeons less 
familiar with these techniques exhibit elevated complication 
rates until the learning curve has been overcome (2). 
However, knowledge of these risks as well as strategies 
to avoid them can allow surgeons to perform MIS spinal 
surgery safely and reliably (3-5). This goal of the present 
paper therefore is to identify complications specific to 
MIS techniques and provide tactics for their prevention. 
This is accomplished via a review of the relevant literature 
combined with the authors’ personal experiences. 

Posterior cervical foraminotomy (PCF)

Decision making and pre-operative planning

PCF is best suited for foraminal pathology rather than 
central neural compression. It should be avoided in patients 
presenting with axial neck pain in the absence of neurologic 
symptoms, as it is unlikely to provide relief in this setting. 
Gross cervical instability or significant kyphosis limits the 
effectiveness of posterior decompression may exacerbate 
deformity and/or instability. Extensive ventral neural 
compression will not be adequately addressed by PCF (3). 

Pre-operative imaging, including anteroposterior (AP), 
lateral, flexion-extension radiographs as well as magnetic 
resonance imaging (MRI) or computed tomography (CT) 
myelogram should be used to confirm that the pathology 
is amenable to PCF and to rule out instability or kyphotic 
deformity. 
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Positioning and set up

Pre-operative cervical spine range of motion should be 
examined and should not be exceeded in the operating 
room during induction of anesthesia or patient positioning 
to avoid neurologic damage (6). If intubation via standard 
techniques would require neck extension beyond that 
tolerated by the patient pre-operatively, fiberoptic 
intubation should be performed. 

Sitting and prone positioning have been described 
(3,7). All boney prominences should be well padded to 
avoid pressure injury. The eyes should be free of external 
pressure and protected to avoid chemical injury from 
preparation solutions (8). Mayfield three-point or an 
analogous rigid head fixation device is used when the 
patient is in the sitting position and by some surgeons in 
the prone position as well. While outside the scope of this 
article, the surgeon should be comfortable with use of such 
devices as improper pin placement can result in damage to 
underlying structures or insufficient purchase on the skull. 
If prone positioning is utilized, the patient’s head is at least 
slightly elevated to decrease intraoperative bleeding. The 
cervical spine is placed in mild flexion but neutral rotation 
to facilitate access (3,7).

Radiographic landmarks

It is important that the operative level can be adequately 
visualized on fluoroscopy, and this should be confirmed 
prior to prepping and draping. Obtaining an acceptable 
lateral view may prove difficult at lower cervical levels 
where the shoulders may obscure cervical anatomy. Should 
this be the case, the shoulders can be taped down. However, 
excessive tension can produce brachial plexopathies and 
should be avoided (9). 

Surgical technique 

The incision should be placed in line with the disc space 
as confirmed on lateral fluoroscopy and approximately 
0.5–1 cm lateral to midline. Placing the incision too far 
laterally necessitates a more medially-directed trajectory 
and makes it more likely that the surgeon will encounter the 
central canal than the neuroforamen.

The fascial incision should be made just lateral to 
the spinous process, preserving the midline ligamentous 
structures to maintain stability. It is important to incise 
completely through the fascia so that dilators can be passed 

without undue force (3,7). 
During dilation for and placement of the tubular 

retractor, the goal is to dock on the medial aspect of the 
lateral mass, parallel to the disc space. The authors do not 
use guide wires because of the risk of inadvertent entry into 
the spinal canal. An initial dilator can be carefully guided 
onto the lateral mass using finger palpation of the boney 
structures. Avoid a too-medial trajectory, and do not use 
undue force during passage of the dilators as it is possible to 
enter the intralaminar window with potentially disastrous 
neurologic consequences. Sliding laterally off the facet joint 
could result in vertebral artery injury (3); the lamina and 
facet joints in the upper cervical spine tend to slope more 
laterally so extra care should be taken at these levels (7). 
Fluoroscopic imaging should be used periodically during 
dilator and retractor placement to confirm appropriate 
level, docking position and trajectory. 

The microscope is usually required to provide optimal 
visualization. While the medial 1/3rd of the facet joint 
will be removed to access and decompress the foramen, 
the remainder of the capsule and joint should be carefully 
preserved to avoid iatrogenic instability. A least 50% of the 
facet joint should be preserved to maintain biomechanical 
integrity (10). Given the more limited view via the tubular 
retractor, it is imperative that the surgeon understands the 
local anatomy before removing bone or facet capsule. This 
can be facilitated by fluoroscopic imaging and by “wanding” 
the retractor as necessary. It may also help to begin 
exposure on the lateral edges of the superior and inferior 
lamina, following them to the interlaminar “V”. This site 
reflects the junction of the lamina and lateral mass. The 
authors widen the interlaminar “V” which provides access 
to the lateral spinal canal and the entrance to the foramen. 
The foraminotomy-discectomy then proceeds in a similar 
fashion to its open counterpart. 

In the event of an incidental durotomy, direct suture 
repair is often difficult within the confined field created by a 
tubular retractor. Small defects may be addressed with some 
combination of muscle or fat grafts, gelatin or thrombin-
based topical hemostatic agents, dural substitute, and dural 
sealant (3). Care should be taken to avoid leaving large 
volumes of these materials in close proximity to the neural 
elements to avoid neural compression. Larger durotomies 
should be directly repaired with suture. Minimally invasive 
dural repair sets contain instruments designed to be used 
down tubular retractor systems. However, inability to 
perform adequate repair via the tubular retractor should 
prompt the surgeon to convert to an open approach. 
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When removing the tubular retractor after completion 
of the decompression, it is advisable to withdraw it slowly 
while simultaneously coagulating any sites of muscle 
bleeding to prevent post-operative epidural hematoma (7). 
Fascial closure can be facilitated by the use of heavy suture 
on a urology needle (e.g., UR-6)—these needles have a 
smaller radius of curvature and are therefore easier to pass 
through a small incision (7). 

Post-operative management

Post-operative management is similar to that of open PCF.

Lateral lumbar interbody fusion (LLIF)

Decision making and pre-operative planning

Pre-operative planning for LLIF involves assessment of 
anatomic structures uniquely relevant to this procedure. 
The level of the iliac crests on the AP and lateral radiograph 
should be noted. High-riding iliac crests may impede 
access to L4–5 and may be a contraindication to this 
approach. The locations of the major vascular structures 
[aorta and inferior vena cava (IVC) cranially and iliac 
vessels rostrally] should be assessed on axial MRI. The 
position and morphology of the psoas muscles should also 
be noted on axial MRI cuts at the level of the disc. At the 
L4–5 level, branches of the lumbar plexus are situated 
more anteriorly (11). Teardrop psoas morphology has 
been associated with a more anterior location of the lumbar 
plexus as well as more posterolateral position of the major 
vessels, which may place these neurovascular structures at 
risk (12). Failure to recognize these factors pre-operatively 
and modify the operative plan accordingly could result in 
vascular or neurologic injury. Additionally, approaching 
the spine from the side of prior retroperitoneal disease or 
surgery (e.g., nephrectomy) should be avoided.

In the setting of deformity, it is important to understand 
the expected degree of correction from an LLIF to prevent 
post-operative regional or global malalignment. This 
technique has demonstrated excellent ability to correct 
coronal deformity (13-15) but has been shown to produce 
only modest improvements in lumbar lordosis and pelvic 
tilt (15,16). If more substantial sagittal correction is desired, 
lateral techniques such as anterior column realignment 
(ACR) via anterior longitudinal ligament (ALL) release and 
placement of a hyperlordotic cage should be considered. 
ACR can be expected to produce 14° of segmental lordosis, 

which can be increased to 21–27° with the addition of 
posterior facetectomies and up to 30° with facetectomies, 
spinous process resection, and hyperlordotic cage 
placement (17). 

If performing LLIF in patients with spinal instability 
or significant coronal or sagittal imbalance, supplemental 
posterior fixation is advisable. Stand-alone LLIF should 
also be avoided in patients with low bone mineral density to 
reduce the risk of subsidence. 

Positioning/set up

The patient is placed in the lateral position on an operating 
table, which has been oriented to allow for unimpeded 
access for the C-arm. This is essential given the importance 
of image guidance during this procedure. 

All boney prominences should be well padded to prevent 
pressure injuries, and an axillary roll is placed to protect the 
brachial plexus. The hips are flexed to 45° and the knees 
to 90° to reduce tension on the psoas muscle and lumbar 
plexus. 

The operative level should be located at the break in the 
table, which can be flexed to improve access as the ilium or 
ribs may obstruct the approach to L4–5 or upper lumbar 
levels, respectively. However, table flexion should be limited 
to that necessary to safely access the level of interest as this 
jack-knife position alone has been associated with post-
operative neuropraxia (18). 

Silk tape is used to firmly hold the patient in this 
position, and a supplemental kidney post can be placed 
behind the pelvis. Secure positioning is essential as this 
procedure depends upon perfect fluoroscopic imaging to be 
performed safety. 

Patient positioning and/or the operating table should 
be adjusted until perfect AP and lateral fluoroscopy views 
can be obtained with the fluoroscopy beam parallel and 
perpendicular to the floor, respectively. This allows the 
surgeon to avoid straying too far anterior or posterior, 
which would place neurovascular structures at risk. 

Radiographic landmarks

The quality of the AP and lateral fluoroscopy views should 
be confirmed after the patient is prepped and draped to 
confirm that there has been no change in positioning. If 
necessary, the table should be adjusted to ensure perfect 
vertebral endplate views with no rotation. 
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Surgical technique

During the approach, the abdominal wall muscles should 
be bluntly split in line with their fibers, avoiding monopolar 
electrocautery to prevent damage the abdominal wall 
innervation (e.g., iliohypogastric and subcostal nerves) 
and the potential  for abdominal  wall  paresis  and 
pseudohernia (19). After entering the retroperitoneal space, 
the surgeon should sweep the peritoneal contents anteriorly 
to avoid ensnaring them during the process of retractor 
docking and placement. Depending on the surgical level, 
injuries to bowel, kidney, diaphragm, and major vascular 
structures are possible (13,14,20,21). All dilators and the 
retractor itself should be guided down to the disc space 
ensuring that the surrounding tissues are free. An auxiliary 
posterior incision, placed just lateral to the ipsilateral 
paraspinal muscle can be used to help with this process. 

The use of directional, real-time electromyography 
(EMG) is critical to minimize the risk of motor nerve 
injury (22). This is especially pertinent at L4–5 due to the 
more anterior location of the intra-psoas lumbar plexus 
at this level (11). Unacceptably low EMG values should 
prompt the surgeon to reposition the dilators or retractor. 
Docking in a slightly more anterior position will often result 
in improved EMG values. If working in the anterior 1/3rd 
of the disc space, care should be taken to avoid inadvertent 
sectioning of the ALL and injury to anterior vascular 
structures. If a safe docking site cannot be identified, the 
lateral procedure should be aborted. Once the retractor 
is docked and opened, the surgical field should be visually 
inspected to confirm that no crossing structures overly the 
intervertebral space. EMG stimulation of the surgical field 
should be performed. 

During the intra-discal work, all instruments as well as 
the final implant should be directly visualized entering the 
disc space by the surgeon. Fluoroscopy should be used to 
avoid plunging past the far side of the vertebral body, which 
could cause injury to contralateral structures. 

The integrity of the endplates should be carefully 
maintained during disc space preparation and cage 
insertion. Violation of these structures increases the risk 
of subsidence which may result in pseudarthrosis, loss of 
indirect decompression, and loss of lordosis. Optional 
slides are available with many lateral fusion systems and 
may minimize endplate damage while inserting the final 
implant. Avoid the use of an excessively tall cage in an effort 
to maximize indirect decompression as doing so may result 
in endplate damage, especially in patients with low bone 

mineral density (23). The use of cages with wider footprints 
appears to be protective against subsidence, with published 
subsidence rates of 14.1% vs. 1.9% with 18- and 22-mm 
wide cages respectively (24). 

While every surgery should be performed deliberately 
and methodically, LLIF must also be performed efficiently. 
Longer intra-psoas retraction times have been associated 
with elevated rates of lumbar plexus-related neurologic 
deficits (25,26). Uribe and colleagues reported significantly 
longer retractor times in patients with symptomatic post-
operative neuropraxias compared to those without (32.3 
vs. 22.6 minutes) (25). If it appears that retractor times 
will exceed 25–30 minutes, the surgeon should consider 
temporarily collapsing the retractor to take stretch and 
pressure off the lumbar plexus. 

Post-operative abdominal wall hernia is an uncommon 
complication of lateral approaches but one that may 
necessitate return to the operating room for repair (5,15,27). 
These hernias may be the result of inadequate fascial 
closure at the time of the index surgery and might therefore 
be prevented by meticulous attention to this portion of 
the procedure. Robust closure of the transversalis fascial 
should be performed, avoiding the underlying muscle layers 
as damage to traversing nerves contained within them can 
result in abdominal wall paresis and pseudohernia (27).

Post-operative management

Post-operative ileus has been documented in 7% of 
patients after LLIF and has been associated with a history 
of gastroesophageal reflux disease, placement of posterior 
instrumentation, and surgery at the L1–2 level (28). Because 
unrecognized ileus may progress to Ogilvie’s syndrome with 
associated mortality rates exceeding 50%, close monitoring 
of post-operative bowel function is essential (29). Patients 
with suspected ileus should be appropriately worked up and 
managed.

Consider bracing the patient post-operatively to avoid 
subsidence or cage migration, especially if performing a 
stand-alone LLIF or in patients with low bone mineral 
density.

Oblique lumbar interbody fusion (OLIF)

Decision making and pre-operative planning

OLIF is a modification of the LLIF technique developed 
to avoid traversing the psoas muscle, theoretically reducing 
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the incidence of psoas and lumbar plexus injury. To achieve 
this, an oblique, anterolateral course is taken to the spine, 
and the entry corridor to the disc space lies between the 
anterior border of the psoas muscle and the lateral border of 
either the aorta or the left common iliac artery. However, 
much of the subsequent surgical technique is similar to 
LLIF. Considerations specific to OLIF are discussed below.

A left-sided approach is typically performed as the major 
arteries more robust than their corresponding veins. This 
is even more pertinent than in LLIF as the more anterior 
trajectory inherent to OLIF places the surgical window 
closer to these vessels. While a right-sided approach is 
possible, it is inadvisable except by surgeons who are highly 
experienced with this technique (30). 

The distance between the anterior border of the psoas 
the lateral border of the artery should be measured on the 
pre-operative axial imaging and should be 1 cm or larger 
to reduce the risk of vascular damage or retraction-related 
injury to the psoas or lumbar plexus (31). Otherwise, another 
technique for lumbar fusion should be utilized. The presence 
of teardrop psoas morphology at L4–5 is associated with 
anterior migration of the psoas and posterolateral location of 
the iliac vasculature, properties that may narrow the approach 
corridor and increase the risk of vascular injury (12).

Positioning/set up

Patient positioning is analogous to that described in the 
above section on LLIF with similar considerations for 
avoiding complications. The patient is positioned in the 
lateral decubitus position with the knees and hips flexed. 
The operative level should be situated at the table break, 
which can be flexed slightly to improve access. All boney 
prominences should be well padded. The patient is then 
secured to the table using adhesive tape with or without a 
supplemental post.  

Radiographic landmarks

Perfect AP and lateral views are required as in the LLIF 
procedure. 

Surgical technique

Given the more anterior skin incision and oblique approach 
trajectory of the OLIF procedure, peritoneal lacerations 
have been reported significantly more frequently with 
OLIF than with LLIF (0.8% vs. 0.05%, P=0.001) (32). The 

transversalis fascia should therefore be penetrated as far 
laterally as possible with an oblique, posteriorly directed 
trajectory to avoid inadvertent entry into the peritoneal 
space (30,33). Blunt dissection through the retroperitoneal 
space is performed until the psoas muscle is reached. 
The anterior border of the psoas can be gently mobilized 
posteriorly using blunt finger dissection to increase the 
size of the surgical corridor and distance from the major 
vascular structures (33). Compared to LLIF, the great 
vessels, renal vessels and segmental arteries are in closer 
proximity in OLIF (31,34) and may be at elevated risk of 
injury. The L4 and L5 segmental arteries, in particular, may 
run in close proximity to or even across the intervertebral 
disc within the OLIF surgical corridor—scrutiny of pre-
operative imaging, use of a blunt cannulated dilator (rather 
than a sharp guidewire) when initially finding the disc space, 
and avoidance of pin fixation of the retractor at these levels 
may reduce the risk of vascular injury (33,34). 

The sympathetic chain runs anterior to the psoas along 
the anterolateral vertebral bodies and may be damaged 
during this procedure, causing vasodilation, swelling, 
discoloration, anhidrosis and dysesthesias in the ipsilateral 
lower extremity (35). Kim et al. described this complication 
in 13.5% of the patients in their OLIF series (36). Strategies 
for avoiding this complication include careful dissection 
with a focus on identifying the sympathetic chain if it lies 
within the surgical corridor; it may be mobilized anteriorly 
if necessary, and the retractor should be placed posterior to 
it (33,37). Ureteral injury may also occur during OLIF (32).  
This risk can be minimized by visually confirming that 
all retroperitoneal fatty tissue is bluntly mobilized and 
retracted off of the disc space prior to discectomy (33).

While the retractor is docked and opened obliquely over 
the anterolateral aspect of the disc space, disc preparation, 
trialing, and implant insertion should all be performed 
orthogonally to the disc space. This entails the use of 
angled instruments and/or pushing the instrument handle 
posteriorly while working. Failure to do so can result in 
violation or impingement of posterior neural structures 
because insertion in line with the approach trajectory 
places the contralateral foramen and exiting nerve root at 
risk. Kraiwattanapong et al. reported a case of contralateral 
nerve root compression requiring return to the operating 
room as a result of posterior and deep positioning of an 
OLIF cage (38). At least one instance of a large, irreparable 
ventral dural tear has also been reported (39). Occasional 
fluoroscopic checks can help avoid working too far 
posteriorly in the disc space. 
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Post-operative management

Post-operative protocols are similar to that described in the 
above LLIF section. 

Lumbar decompression (microdiscectomy and 
laminectomy)

Decision making and pre-operative planning

The AP radiograph and axial imaging should be studied 
for the presence of spina bifida occulta and/or prior 
laminectomy defects before every procedure. Failure to 
appreciate defects in the posterior arch could result in 
inadvertent dural violation and neurologic injury during 
retractor placement or exposure. 

The approach is typically performed from the side of 
greatest pathology by the authors. In patients with central 
or bilateral pathology, it is advisable to approach from the 
most symptomatic side. Decompression from either side 
can be justified if both sides are equally affected. 

Positioning/set up

The operating room is arranged such that the surgeon 
stands on the side of the approach, and the fluoroscopy 
unit enters from the contralateral side (40). Other than 
placement of an attachment clamp onto the table frame for 
the tubular retractor arm, positioning is similar to that of a 
standard lumbar decompression. 

Radiographic landmarks

Incision localization can be performed on AP or lateral 
fluoroscopy. Regardless of the preferred view, a perfectly 
orthogonal image should be obtained. On the AP, this 
entails crisp endplates at the level of interest, symmetric 
pedicles, and a midline spinous process. The authors also 
ensure that a clear view of the interlaminar window is 
obtained on the AP projection. On the lateral, endplates 
should be crisp and pedicles perfectly superimposed. 
Utilizing suboptimal imaging can lead to improper incision 
and retractor placement, added technical difficulty during 
the procedure, and even damage to surrounding structures.

Surgical technique

A vertical incision is made approximately one cm lateral 
to midline. Given the slightly oblique trajectory of the 
retractor, the incision is made slightly more laterally in 
larger patients (40) or when contralateral decompression 
is required. Failure to make this adjustment can make it 
harder to work medially.

The initial dilator should be carefully directed onto the 
inferior border of the lamina medial to the facet joint at the 
spinolaminar junction on the side of the approach and the 
location confirmed on fluoroscopy. Sequential dilation is 
performed, and the tubular retractor placed (Figure 1). Care 
should be taken to ensure the leading edges of all dilators 
and the final retractor are in contact with bone (i.e., lamina). 

Constant, gentle downward pressure should by applied 

Figure 1 For microdiscectomy, laminectomy, and TLIF, the tubular retractor is initially docked on the inferior border of the lamina medial 
to the facet joint at the spinolaminar junction on the side of the approach and the location confirmed on AP (A) and lateral (B) fluoroscopy. 
TLIF, transforaminal lumbar interbody fusion; AP, anteroposterior. 

A B
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during dilation and retractor placement to prevent 
paraspinal muscle from entering the tube (40). Lack of 
attention to this step impairs visualization and requires 
removal of healthy muscle, which may contribute to post-
operative bleeding and pain. 

In morbidly obese patients, standard tubular retractors 
may not be sufficiently long. While custom, extra-long 
retractors can be procured, working through such long 
tubes becomes increasingly difficult. One strategy to 
address this issue is to extend the skin incision, retract the 
superficial tissues with a self-retaining retractor, and then 
dock the tubular retractor within this mini-open incision. 

While a larger diameter tube provides more working room 
and maneuverability, wider tubes do have disadvantages. 
Beyond requiring larger incisions, it may be difficult to dock 
wider tubes flush against the lamina in the presence of facet 
hypertrophy or in the narrower upper lumbar spine. 

It is imperative that the surgeon maintain sufficient 
pars  and facet  jo int  (>50%) to  avoid  ia t rogenic  
instability (41) and/or pars fracture. Despite the confined 
view of a tubular retractor, the surgeon must be acutely 
aware of the surrounding anatomy. The upslope of the 
base of the spinous process medially and the start of the 
facet joint laterally should be visualized. The caudal edge 
of the cephalad lamina should be identified to facilitate 
entry into the spinal canal. Additionally, direct palpation 
or visualization of the lateral border of the pars can help 
provide orientation and guide osseous resection. 

If performing a bilateral decompression via a unilateral 
hemilaminotomy, it is best to perform ipsilateral and 
contralateral osseous resection using a bur before removing 
ligamentum flavum, which serves as a protective barrier 
during bone removal. This will partially decompress the 
space, reducing the risk of incidental durotomy and/or 
retraction-related neurologic deficits during subsequent 
steps. A side-cutting burr is used for the majority of 
bone resection (as the smooth tip is less likely to damage 
underlying tissue), which is then completed with a Kerrison 
punch. When working to the contralateral side, follow the 
ligamentum as it slopes ventrally and laterally, removing the 
bone immediately overlying it. 

As with any tubular-based procedure, direct suture 
repair of a dural tear can be difficult via the tubular 
retractor (see PCF section above). The surgeon should 
convert to an open approach if unable to achieve adequate 
repair through the tube.

Meticulous hemostasis with attention to epidural veins, 
cut boney edges, and deep and superficial soft tissues is 

especially important in tubular-based surgery as the muscle-
preserving nature of these procedures leaves minimal dead 
space to accommodate post-operative hematoma. Less 
post-operative bleeding can therefore be tolerated before 
pressure is transmitted to the neural elements.

Post-operative management

Patients can follow similar post-operative protocols 
regardless of whether a tubular versus traditional open 
approach was utilized. 

Percutaneous pedicle screw placement

Decision making and pre-operative planning

Radiographs and advanced imaging should be inspected 
for defects in the posterior elements, which may be due to 
congenital or iatrogenic factors. Additionally, projected 
screw length and diameter can be planned in advance on 
pre-operative imaging to avoid pedicle or anterior cortex 
violation.

Positioning/set up

Given the lack of direct visualization inherent to 
percutaneous pedicle screw placement, the surgeon relies 
on a keen understanding of anatomy, tactile feedback, and 
imaging. The latter can involve fluoroscopy (one or two 
C-arms), navigation, or robotics. Each modality has unique 
benefits and drawbacks, which are beyond the scope of 
this article. Regardless, the surgeon should be well versed 
in the set up required for the selected technique. Because 
navigation and robotics are not available at every center, 
the discussion herein will focus on screw placement under 
fluoroscopic guidance. 

Radiographic landmarks

Approximately 50% of spine surgeons report performing 
at least one wrong-level surgery over the course of their 
careers (42,43). Careful attention to radiographic level 
localization is especially important in minimally invasive 
and percutaneous techniques where open landmarks are 
not available for confirmation. Counting up or down from 
a known radiographic landmark (e.g., sacrum) can help 
reduce error. In the thoracic spine, where localization 
can be especially difficult, strategies for improving 
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reliability include: (I) placing sterile spinal needles into 
osseous landmarks under fluoroscopy starting at caudal 
levels and working successively cephalad (44); (II) having 
interventional radiology place radiopaque markers into 
the boney structures of specific vertebrae pre-operatively 
(45,46), or (III) using intra-operative navigation. 

Once the correct level has been identified, perfect 
orthogonal images are required to safely and reliably place 
percutaneous screws. Relying on suboptimal images reduce 
accuracy, which can lead to improperly placed implants and 
damage to surrounding neurovascular structures. 

Surgical technique

Incisions are planned based on AP fluoroscopy—they are 
usually placed approximately 5 mm lateral to the lateral 
border of the pedicle but should be made further lateral in 
obese patients given the oblique insertion trajectory. Failure 
to account for this fact may result in difficulty sufficiently 
medializing pedicle screws and resultant lateral blowout. 

Throughout the procedure, the surgeon should not rely 
solely on image guidance but should also employ tactile 
feedback, palpating boney landmarks for the start point and 
feeling cancellous bone as the Jamshidi is advanced down 
the pedicle. It is important to stop and reassess if imaging 
findings do not correlate with physical feedback. Avoid 
multiple passes with the Jamshidi to minimize post-operative 
pain as well as potential damage to surrounding structures. 

When advancing the Jamshidi through the pedicle, it 
is important that the tip of the instrument does not cross 
the medial border of the pedicle on the AP projection until 
the pedicle has been traversed and the tip lies within the 
vertebral body on the lateral view. Crossing the medial 
border prior to entry into the vertebral body indicates a 
medial wall violation with potential damage to neurologic 
structures. Once the Jamshidi has been appropriately 
positioned, guidewires should be inserted such they traverse 
approximately 50% of the vertebral body—this leaves 
sufficient room for a small amount of anterior migration 
of the wire without penetrating the anterior vertebral body 
cortex. An oblique, owl’s eye fluoroscopy view directly 
down the pedicle can be taken once the guidewire has been 
placed to confirm that it passes within the pedicle. 

During tapping and screw insertion, periodic lateral 
fluoroscopy shots should be taken to ensure that the guidewires 
have not advanced past the anterior wall of the vertebral 
body, potentially injuring surrounding vascular structures 
and viscera. The cannulated taps and screws should always be 

introduced colinearly with the guidewires to avoid guidewire 
kinking and the potential for breakage. Dynamic EMG can be 
used during screw placement to provide real-time feedback on 
screw proximity to neurologic structures (47). 

Once the rod is inserted and held with set screws, 
confirm on fluoroscopic imaging (and with direct 
visualization if possible) that the rod has not bypassed any of 
the screw heads. Failure to recognize and address this issue 
in the operating room will result in a suboptimal construct. 
Do not break off screw tabs prior to such confirmation as 
it will make any necessary subsequent rod repositioning 
unnecessarily challenging. 

Post-operative management

No specific restrictions or post-operative concerns are 
unique to this technique as compared with its open 
counterpart.

Transforaminal lumbar interbody fusion (TLIF)

Decision making and pre-operative planning

While MIS and open TLIF have been shown to produce 
similar improvements in lumbar lordosis (48,49), these 
gains are relatively modest in nature, especially when 
compared to those achieved with anterior lumbar interbody 
fusion (ALIF) or LLIF (50,51). Watkins et al. reported 
significant increases in lumbar lordosis with ALIF and LLIF 
(4.5° and 2.2°, respectively) but not with TLIF (50). This 
technique is therefore less suited to scenarios necessitating 
substantial sagittal correction. Furthermore, using an 
MIS transforaminal approach to access and mobilize a 
severely collapsed disc space or in the setting of high-grade 
spondylolisthesis may prove technically difficult. 

Once the decision is made to perform an MIS TLIF, 
pre-operative imaging should be reviewed for the presence 
of pre-existing defects in the posterior elements. The side 
of the approach is dictated by the location of the pathology.

Positioning/set up

Set up and positioning is as described in the preceding 
section on lumbar decompression. 

Radiographic landmarks

Perfect AP and lateral fluoroscopy views, as described 
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above, are imperative to execute this procedure safely and 
reliably. 

Surgical technique

The pedicle screw placement incisions are connected on 
the side of the TLIF approach, and the tubular retractor 
inserted through this opening. A standard hemilaminotomy 
should be performed and the disc space identified prior 
to removal of the facet joint as the disc space serves as a 
guide for facet resection—bone overlying the disc space 
should be excised. While it is important to skeletonize the 
cranial aspect of the caudal pedicle to maximize the working 
window, removing the facet joint without first becoming 
oriented to the location of the disc space increases the risk 
of inadvertent pedicle violation with a bur. Additionally, the 
authors believe it is beneficial to maintain the pars cranial 
to the disc space as this structure protects the underlying 
exiting nerve root during disc preparation and cage 
insertion. 

Inserting pedicle screws and a rod held loosely with set 
screws on the side contralateral to the TLIF prior to disc 
preparation allows the surgeon to maintain paddle-based 
distraction by locking down the rod once the paddle is in 
place. This will enlarge the working window to facilitate 
disc space preparation (i.e., more thorough discectomy with 
less likelihood of endplate violation) and maximize cage 
height.

Thorough disc space preparation is especially important 
during MIS TLIF when the sole location of fusion is the 
interbody space (i.e., unless supplemental posterolateral 
or facet fusion has been performed). Great care should be 
taken during discectomy, however, because violation of the 
ALL can result in damage to surrounding structures (e.g., 
aorta) with life threatening consequences (52). Additionally, 
an intact ALL is necessary to contain bone graft and 
the interbody cage. Direct visualization and periodic 
lateral fluoroscopy should be utilized during disc space 
preparation, bone graft insertion, and cage placement to 
ensure that nothing exits the disc space anteriorly.

Midline cage positioning to produce symmetric 
distraction requires significant medialization during 
insertion. The authors initiate cage placement with a 
trajectory away from the medial neural elements. Once the 
leading edge of the cage is secure within the disc space, 
medialization begins. To avoid placing the cage too far 
laterally, the tubular retractor arm should be loosened such 
that the insertion trajectory can be medialized without 

limitation from the retractor. 

Post-operative management

Post-operative management and concerns are similar to that 
of open TLIF. 

Discussion

Minimally invasive spine surgery bears many advantages 
but comes with a unique set of potential pitfalls—many of 
which may be minimized using the techniques described 
above. In addition to reading on this topic, surgeons 
interested in incorporating MIS techniques into their 
operative repertoire should consider participating in 
cadaveric workshops, operating with experienced surgeons, 
and carefully selecting their early cases. In doing so, they 
can mount the learning curve and perform these procedures 
in a safe and reliable manner.
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