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A noninvasive laser-guided preincision localizer for spine
surgery
Clinical article
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Object. The design and utilization of a novel device for noninvasive preincision localization of the target spine
segment during lumbar spine surgery is presented.
Methods. The device consists of 4 low-energy laser diodes, emitting planar beams, mounted around the perimeter of a ring at right angles to each other. The beams are used to align 2 radiopaque cables hanging off the sides of
the patient with the target spine segment and the radiographic source and film. The performance of the device in guiding the placement of the skin incision was prospectively evaluated in 76 consecutive patients undergoing unilateral
1-level microsurgical lumbar laminotomy. Preincision lateral radiographs obtained with the device were compared
with postincision localizing radiographs in all patients.
Results. In all patients, the location of the incision guided by the final preincision radiograph was found to precisely overlie the target segment as confirmed by a postincision radiograph, the latter obtained after exposure of the
underlying laminae. In no instance was it necessary to extend the incision, modify the surgical trajectory, or repeat the
postincision radiograph due to improper incision placement. The device’s radiopaque cables were clearly visualized
on radiography as they traversed the spine image, regardless of body mass index. The initial preincision radiograph
based on the surgeon’s estimate of the location of the target site localized the target segment in 58 patients (76.3%)
and an adjacent segment in the remaining 18 patients (23.7%). Accuracy of the surgeon’s initial estimate of the target
site (but not accuracy of the device) was found to be inversely associated with body mass index (p < 0.001), thickness of the subcutaneous fat layer overlying the spine (p < 0.001), and presence of transitional lumbosacral anatomy
(p = 0.03).
Conclusions. The localization device presented herein provides accurate noninvasive localization of the target
spine segment and guides precise placement of the incision over the target segment during lumbar spine surgery.
(DOI: 10.3171/2008.10.SPI08463)
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W

spine surgery is performed through a small
skin incision, precise placement of the incision
over the target spine segment is the key to an
optimal surgical trajectory that facilitates the subsequent
steps in the operation. Preincision localization of the target in lumbar spine surgery is commonly achieved solely
by palpation of anatomical landmarks,1,4 which is prone
to inaccuracy,4 not infrequently requiring enlargement of
the incision or redirection of the surgical trajectory to a
less optimal angle. Aiming for greater accuracy, many
surgeons insert a needle in the target region and obtain a
lateral radiograph before making the skin incision.9 A few
surgeons use less desirable methods, such as requesting
preoperative placement of a cutaneous tattoo under fluohen

Abbreviation used in this paper: BMI = body mass index.
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roscopy at the time of myelography.2 Other invasive or
cumbersome methods have been devised for localization
in the thoracic spine.3,5,8,10 The common needle localization technique is invasive and may still be inaccurate. If
the needle is inserted before the surgical site is prepared
and draped, it may contribute to a risk of surgical site
infection. If the needle is inserted after the site is prepared and draped, the anatomical landmarks that guide
the localization process (such as the iliac crest and sacrum) may be more difficult to palpate under the drapes,2
resulting in inaccurate localization. Thin needles may be
difficult to visualize on radiographs, particularly in obese
patients. Thicker needles may cause subcutaneous and
intramuscular bleeding, which create a nuisance in microsurgical exposures. Localization accuracy suffers if
the needle is inserted at an angle or is placed too superficially in obese patients. Although rare, dural puncture
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may occur if the needle is inserted too deeply. Because
of the shortcomings of the needle localization technique,
many spine surgeons continue to rely solely on palpation
of anatomical landmarks for incision placement.1,4 Omission of intraoperative radiographic imaging has been
identified as one of the most important contributors to
wrong-level spine surgery.4
A novel device (named the “localizer”) was designed
to achieve rapid noninvasive preincision localization, allowing precise placement of the incision over the target
spine segment. A prototype of the localizer was evaluated
in patients undergoing microsurgical lumbar surgery.

Methods

Localizer Design and Construction

The localizer consists of 4 low-energy laser diodes
mounted around the outer perimeter of a ring at right
angles to each other (Fig. 1). The diodes, similar to those
found in household laser levels, emit planar beams that
project a line on the surfaces they intersect (Fig. 2). Two
radiopaque cables are attached to the ring just below 2 of
the opposing laser diodes. The latter are named axial diodes because they emit beams in the axial plane when in
position on the patient’s body. The remaining 2 diodes are

Fig. 1. Schematic representation of the localizer. The device components consist of a central ring (R), 4 laser diodes (D) emitting laser
beams in the sagittal (S) and axial (A) planes, 2 radiopaque cables (C),
2 weights attached to the cables (W), a clear plastic window (B) on
which crosshairs are etched, and a power compartment (P) that houses
the batteries and the power button.

Fig. 2. Schematic representation of the localizer positioned over the patient’s body in prone position, demonstrated by a
cross-section. Two opposite laser diodes project planar beams in the axial plane. The beams form horizontal alignment lines on
the body surface (used for alignment of the cables) and vertical alignment lines on the radiographic source and film. The end
result is superimposition of the radiographic images of the 2 cables on a theoretical plumb line hanging from the center of the
localizer ring.
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named sagittal diodes. Weights are attached to the free
ends of the cables to keep them under tension. Crosshairs
at the center of the ring and a battery compartment complete the composition of the device.
A prototype of the localizer was constructed from the
internal components of 2 household laser levels, 1/16-inch
aircraft cable, and metal rings acting as weights (Fig. 3).
The diodes were mounted on a compact disc and wired in
parallel configuration to a battery compartment containing 4 AA batteries. The laser assembly was housed in a
clear, plastic, cylindrical compact disc container to which
the weighted cables were attached.
Method of Localization

After the patient is placed prone on the operating table or frame, the surgeon estimates and tentatively marks
the location of the surgical target based on palpation of
anatomical landmarks. The localizer ring is then positioned on the patient’s back such that the intersection of
the crosshairs overlies the marked site. After the lasers
are turned on, the 2 sagittal laser beams are first aligned
with the midline of the body (Fig. 4). The 2 radiopaque
cables are allowed to hang off the sides of the patient
and are aligned with the axial beams. The radiographic
source and film (or fluoroscopy unit) are positioned parallel to the body in the typical configuration used for a lateral spine radiograph. The positioning of the radiographic
source is then fine-tuned such that one of the axial laser
beams bisects the face of the radiographic source or passes through the intersection of crosshairs normally found
on the face of the radiographic source (Fig. 4). The radiographic film may also be centered on the other axial laser
beam. A radiograph is then obtained, demonstrating the
superimposed images of the 2 cables crossing the underlying spine segment (Fig. 5A). After satisfactory localization of the target segment, the surgical site is prepared
and draped in preparation for the incision.

Study Design

The localizer was prospectively evaluated in 76 consecutive patients undergoing single-level unilateral lumbar laminotomy with or without microsurgical discectomy or foraminotomy. All surgeries and localizations were
performed by the author at a single institution. No patients were excluded. Institutional review board approval
and patient informed consent were obtained.
If the initial preincision radiograph obtained with the
localizer did not localize the desired spine segment, the
device was repositioned and a second preincision radiograph was obtained until the target segment was localized.
After the incision, the thickness of subcutaneous fat, defined as the distance between the skin and lumbar fascia,
was measured with a depth gauge. After exposure of the
underlying spine, a curette was placed under the superior
lamina of the target segment and a postincision lateral radiograph was obtained. All radiographs were interpreted
intraoperatively by the author on a high-resolution Picture
Archival and Communication System monitor and also by
the hospital radiologists. After skin closure, the length of
the incision was measured. Data regarding patient age, sex,
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Fig. 3. Photographs of a homemade prototype of the localizer. A:
Internal view demonstrating the 4 laser diodes (black arrows) arranged
around a ring at right angles to each other. B: External view with the
lasers turned on, demonstrating the 4 laser beams (arrowheads) and the
2 axial cables (white arrows).

target spine segment location, presence of transitional lumbosacral anatomy, BMI, incision size, and subcutaneous fat
thickness at the incision site were collected.
Device accuracy was defined as the accuracy of incision placement over the target segment, guided by the
final preincision radiograph and confirmed by a postincision radiograph. The accuracy of the surgeon’s initial estimate of the target site was defined as the correspondence
between the initial preincision radiograph and the actual
location of the target site on preoperative imaging studies.
Cables on the final preincision radiograph were defined
as “aligned” if the distance between them was less than
the target disc space height or less than one-third of the
height of an adjacent normal vertebral body, whichever
was larger (Fig. 5A). Cables were defined as “nonaligned”
if the distance between them exceeded these limits (Fig.
5B). Nonaligned cables were further classified as “straddling” if the cables straddled the target segment (Fig. 5B)
or “nonstraddling” if the target segment was outside the
boundaries defined by the 2 cables.
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Fig. 4. Artist’s representation of the localizer in use. The sagittal beams are first aligned with the midline of the body. The
2 cables are then aligned with the axial beams. The radiographic film and the crosshairs on the radiographic source are then
aligned with the axial beams. Reprinted with permission from Delilah Cohn (www.medillustrationstudio.com).

Statistical Analysis

The chi-square test was used to evaluate the association between categorical variables. When the expected
value in any cell of a contingency table for analysis of
categorical variables was < 10, the Fisher exact test was
used. The 2-tailed Student t-test was used to compare
means of 2 categories of continuous data. Adherence to
normal distribution was assessed using frequency histograms. The Bartlett test was used to test for homogeneity
of variances. A probability value < 0.05 was considered
statistically significant. A correlation coefficient > 0.8
was considered to indicate a strong correlation. All mean
values are presented with SDs.
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Results

The study population consisted of 36 females (47.4%)
and 40 males (52.6%). Patient age ranged from 23 to 76
years (mean 50.2 ± 13.5 years). Body mass index ranged
from 20.4 to 56.7 (mean 28.2 ± 7.1). Subcutaneous fat
thickness at the incision site ranged from 0.5 to 6.5 cm
(mean 2.0 ± 1.2 cm). Target segments included L2–3 (2
patients), L3–4 (18 patients), L4–5 (31 patients), and L5S1 (25 patients). Nine patients (11.8%) had transitional
lumbosacral anatomy.
The cables of the device were readily visualized on
all preincision radiographs regardless of BMI. In 58 patients (76.3%), the surgeon’s initial estimate of the locaJ. Neurosurg.: Spine / Volume 10 / February 2009
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Fig. 5. Preincision lateral radiographs obtained with the localizer. A: Example of “aligned” cables traversing the target motion segment, observed in 70 patients. B: Example of “nonaligned” cables straddling the target motion segment, observed in
6 patients.

tion of the target site was correct. In the remaining 18
patients (23.7%), the initial estimate was off by 1 motion
segment. According to the study protocol, the localizer
was repositioned and a second preincision radiograph was
obtained in these 18 patients to obtain definitive localization of the target segment prior to making the incision. A
third preincision radiograph was not needed in any of the
patients.
Inaccuracy of the surgeon’s estimate of the location
of the target segment (based on palpation of anatomical landmarks) was found to be associated with greater
BMI, greater thickness of the subcutaneous fat layer at
the incision site, and presence of transitional lumbosacral
anatomy, but not with age, sex, or location of the target
segment (Table 1).
Device Accuracy

In all patients, the location of the incision guided by the
final preincision radiograph was found to overlie the target
segment as confirmed by a postincision radiograph, the latter obtained after exposure of the underlying laminae. In no
instance was it necessary to extend the incision, modify the
surgical trajectory, or repeat the postincision radiograph due
to improper incision placement. Incision size ranged from
1.7 to 6 cm (mean 2.8 ± 1.0 cm) and correlated strongly with
BMI (Fig. 6; correlation coefficient 0.90).
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The 2 cables of the localizer were found to be aligned
on radiographs in 70 patients (92.1%; Fig. 5A). Cable
alignment was not associated with BMI (p = 0.56) or subcutaneous fat thickness (p = 0.53). In all of the remaining
6 cases with nonaligned cables, the cables were found to
straddle the target spine segment (Fig. 5B).
Complications

No device-related complications were expected or
observed. No surgical site infections were observed in
this group of patients.

Discussion

How the Localizer Works

The concept behind the localizer is quite simple: instead of taking a lateral radiograph of a needle inserted
in the spine, one takes a lateral radiograph of 2 cables
hanging off the sides of the patient. The result is the radiographic image of the superimposed cables traveling
“through” a disc space (Fig. 5A). The radiographic information obtained with the localizer is used in exactly the
same way as it would be used with needle localization.
Specifically, if the cables have localized the desired disc,
the incision is made at the center of the localizer ring.
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TABLE 1: Accuracy of the surgeon’s initial estimate of target segment location

Variable
no. of patients (%)
mean age (yrs)
sex
   female
   male
spine segment
   L2–3
   L3–4
   L4–5
   L5–S1
transitional lumbosacral anatomy present
mean BMI
mean subcutaneous fat thickness (cm)

Initial Estimate
Correct*

Initial Estimate
Incorrect*

58 (76.3)
49.6 ± 14.1

18 (23.7)
52.1 ± 11.7

25
33

11
7

1
15
23
19
4
26.6 ± 5.4
1.7 ± 1.1

1
3
8
6
5
33.4 ± 9.3
2.9 ± 1.1

Statistical Test

p Value

Student t-test
chi-square

0.50
0.29

chi-square

0.72

Fisher exact test
Student t-test
Student t-test

0.03†
<0.001†
<0.001†

* Values for categorical variables (sex, spine segment, and transitional anatomy) are given as absolute values, whereas values
for continuous variables (age, BMI, and subcutaneous fat thickness) are given as means ± SD.
† Statistically significant.

If not, the localizer is moved to a new location and the
process is repeated. The only function of the lasers is to
ensure that the cables are superimposed on an invisible
plumb line hanging from the center of the ring (Fig. 2).
This theoretical plumb line takes the place of the needle.
If lasers were not used to align the cables and the radiography equipment, the 2 cables would not be superimposed
on each other and their location on radiography would
not correspond to the plumb line, resulting in inaccurate
localization.
The following is a step-by-step description of the
how the localizer is used in surgery:
1. After the patient is positioned prone on the
operating table or frame, the surgeon estimates
the location of the incision based on palpation of
anatomical landmarks and marks the center of
the putative incision on the skin.
2. The localizer is placed on the patient’s
back such that its crosshairs are centered on the
surgeon’s mark.
3. The sagittal laser beams are aligned with the
midline of the patient’s back. This places the axial
laser beams perpendicular to the patient’s spine.
4. The cables are aligned with the axial laser
beams.
5. The center of the radiographic source and
film are aligned with the axial laser beams.
6. A lateral radiograph is obtained. If the radiograph reveals the cables traveling through the
desired disc space, the surgeon proceeds to Step
7. Otherwise, the localizer is moved cephalad or
caudad and Steps 1–6 are repeated.
7. The skin underlying the center of the
crosshairs is heavily marked with a surgical
150

marker (or scratched). The localizer is removed.
The skin is prepared and draped. The incision is
made, centered on the marked site.
Although this description focuses on localization of a
disc space, the same technique can be used with minor
modifications for localization of pedicles in conjunction
with lateral fluoroscopy.
Misalignment Mechanisms and the Rationale for Laser
Alignment

To understand why it is necessary to align the cables
and radiographic equipment to obtain an accurate plumb
line through the target spine segment, let us consider a
simplified scenario in which a radiopaque object is held
next to the patient’s side and a lateral radiograph is obtained. Unlike needle localization, the radiopaque marker
is now away from the midline of the spine by a distance
equal to half of the patient’s body width. The requisite lateral displacement of the radiopaque marker from the midline spine target in this scenario produces a susceptibility to alignment errors. A small degree of misalignment
between the radiographic source, the radiopaque marker,
the target spine segment, and the radiographic film can
produce a significant misalignment between the images
of the radiopaque marker and the target spine segment on
the radiographic film (Fig. 7). If the radiopaque marker
or cable is between the patient and the radiographic film
(Fig. 7A), the alignment error ε is given by the following
formula:
ε = w tan α (w + s + f) / (w + s)
in which α = the angle of misalignment of the “distal”
cable, w = the patient’s body width, s = the distance beJ. Neurosurg.: Spine / Volume 10 / February 2009
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Fig. 6. Scatter plot of incision size versus BMI demonstrating a strong correlation (correlation coefficient = 0.90). Fewer than
76 data points appear on this graph due to overlap of some data points.

tween the radiographic source and the body, and f = the
distance between the radiographic film and the body.
When the film is positioned very close to the body, the
formula is reduced to:
ε = w tan α
If, instead, the proximal cable (the cable between the
radiographic source and the patient’s body) is misaligned
(Fig. 7B), the error caused by the misalignment angle β
would be:
ε = w tan β (w + s) / 2s
Depending on the relative size of w and s, the error
caused by misalignment of the proximal cable may be
greater or smaller than that caused by misalignment of
the distal cable. If both cables are well aligned with the
target, but the radiographic source is misaligned by an
angle δ (Fig. 7C), the proximal and distal cables would
straddle the target image on the radiographic film, giving
2 alignment errors:
ε1 = w tan δ
ε2 = w tan δ (w + s) / 2s
in which ε1 = the distal cable alignment error, and ε2 =
the proximal cable alignment error. In any given clinical
situation, misalignment of the distal cable, the proximal
cable, and the radiographic source may occur simultaneously, thus compounding the error. These errors could
J. Neurosurg.: Spine / Volume 10 / February 2009

readily exceed the height of 1 vertebral body on the radiographic image, yielding inaccurate localization. Hence
the need for a mechanism for alignment of the cables and
the radiographic source with the target spine segment.
The planar laser beams emitted by the localizer have 2
properties that make them a suitable solution for this alignment problem. First, the line projected on the skin surface
follows the contour of the body, thus permitting alignment
of the beams with the cables that also conform to the curvature of the body. Second, the axial laser beams project
horizontal lines on the body surface and vertical lines on
the radiographic equipment, making simultaneous alignment of the cables and radiographic source possible.
In this study, the laser alignment mechanism provided excellent alignment in 70 cases (92.1%). Interestingly,
in the remaining 6 cases in which the cables where not
aligned, they always straddled the target spine segment.
This finding has 3 important implications. First, it implies
that the most common cause of misalignment in the clinical setting is radiographic source misalignment, in which
the target is captured between the 2 cables, producing a
straddling effect (Fig. 7C). This is consistent with our experience in the operating room, in which alignment of
the radiographic source requires slightly greater care than
alignment of the cables. Second, the straddling effect is
a useful feature that permits accurate localization of the
target segment, even when the radiographic source is not
perfectly aligned. Third, this finding supports the use of
2 cables instead of 1 in the design of the localizer, so that
accurate localization can be achieved even when some
misalignment occurs.
151

P. Pakzaban
tive and intraoperative radiographs to avoid such errors.4
The availability of an accurate and consistent means of
preincision localization may encourage greater use of radiographic imaging during spine surgery. The superior
visualization afforded by the 2 long and large-diameter
cables of the localizer compared with the needle localization technique may address many of the problems with
inadequacy of radiography images.
Unusual patient anatomy is the other main contributor to wrong-level surgery.4 In the present study, estimation of the location of the target spine segment based on
palpation of anatomical landmarks by an experienced
spine surgeon proved inaccurate in 23.7% of patients. Not
surprisingly, this estimation error occurred with greater
frequency in obese patients and in those with transitional lumbosacral anatomy. This error rate reinforces the
need for accurate preincision localization, especially in
patients with unusual anatomy. Furthermore, the exact
correspondence between the pre- and postincision radiographic localization offered by the localizer adds another
level of security when the surgeon approaches unusual
spine anatomy through a deep and narrow hole.
Efficiency and Safety Issues

Fig. 7. Schematic representation of the 3 types of misalignment. A:
Misalignment of the “distal” cable by angle α. B: Misalignment of the
“proximal” cable by the angle β. C: Misalignment of the radiographic
source by the angle δ. The symbol ε represents the error projected on
the radiographic film (F). The geometrical shapes represent the target
site (black circles), radiographic image of the target site (black ovals),
cables (gray circles), radiographic image of the cables (gray ovals), and
the radiographic source (gray triangles).

Implications for Wrong-Level Surgery

In this study, the location of the skin incision guided
by the localizer was consistently found to overlie the target segment in all cases, providing an optimal trajectory
for the surgical approach without the need to modify the
incision or the surgical trajectory. This was true even for
very small incisions or for very large patients.
In a recent survey of Canadian neurosurgeons, the incidence of wrong-level lumbar spine surgery was found to
be 4.5 occurrences per 10,000 operations. Inadequacy of
the intraoperative radiography images or omission of the
radiographic process was cited as the cause of the error in
30% of patients. Only 68% of the surgeons always used
intraoperative imaging. The neurosurgeons in that survey
emphasized the importance of obtaining both preopera-
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The device was easily constructed with commonly
available materials as outlined above. Its use in the operating room was also found to be quite easy, adding no
delays to the process of radiographic localization. No device-related complications were expected or encountered
in this study. The low-energy laser diodes used in the localizer are similar to those used in common laser pointers
and laser levels and do not pose a risk of thermal injury
to the patient. As with a laser pointer, the usual precautions for avoiding direct and prolonged eye contact with
the beam apply.
No surgical site infections were encountered in this
group of 76 patients. Published surgical site infection
rates in spine surgery are in the range of 2–3%,6,7 which
is consistent with the author’s personal data before the
routine use of the localizer, when a prepreparation needle
localization technique was used. A larger study directly
comparing noninvasive to invasive preincision localization would be required to determine whether there is a
difference in surgical site infection rates.

Conclusions

The noninvasive laser-guided localizer presented in
this study accurately and reliably determined the optimal
location of the incision over the spine target during lumbar spine surgery.
Disclosure
A US patent is pending for the device presented in this article.
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