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a b s t r a c t 

Wrong-level spinal surgery (WLSS) can lead to increased morbidity, cost, and worse long- 

term outcomes. Current intraoperative localization methods rely on counting spinal levels 

from a known reference location using fluoroscopy. Miscounting from a reference is an in- 

traoperative error that leads to WLSS, especially for those with anatomical variations. The 

problem is exacerbated when fluoroscopy is not able to produce images with the clarity 

needed to confidently count levels, a prevalent issue for obese patients. 

A new feature called the “2D Long Film’’ is available for the Medtronic (Minneapolis, MN) 

O-arm Surgical Imaging System. Using this novel technology and standard fluoroscopy, this 

study reports the imaging of two obese adult female patients with a body mass index of 

36.9 and 42.0 undergoing transforaminal thoracic interbody fusion. Fluoroscopy images of 

obese patients are difficult to capture for two reasons: increased scatter and restricted field 

of view. This report demonstrates that 2D Long Film can improve both these issues for obese 

patients in need of thoracic localization. The 2D Long Film captures existing instrumenta- 

tion, localization needles, and the vertebral levels in a clear single image. 

We display the differences between standard fluoroscopy and the 2D Long Film for tho- 

racic level localization, demonstrating a potential new standard of care and better visual- 

ization, leading to a less challenging vertebrae localization process, potentially mitigating 

WLSS risk. The quality of this new 2D Long Film feature could also reduce time in the oper- 

ating room and the necessity of other visualization methods. 
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Introduction 

Wrong-level spinal surgery (WLSS) can lead to increased mor-
bidity, cost, and worse long-term outcomes. Of surveyed sur-
geons, 50% reported performing WLSS at least once in their
career, and it is strongly associated with legal action [1] . An
estimated rate of WLSS is 0.09 to 4.5 per 10,000 surgeries with
8% performed on the thoracic region [ 1 ,2 ]. These rates are vari-
able across studies and likely underreported. 

Current intraoperative localization methods rely on count-
ing spinal levels from a known reference location using fluo-
roscopy. For example, starting from the sacrum, standard flu-
oroscopy will capture a limited number of vertebrae, and us-
ing an external marker, the imaging apparatus will be walked
up to the next set of vertebrae. Percutaneous needles can be
placed at every third level. This will continue until the opera-
tive level is reached. Required preoperative imaging will also
be referenced to properly count levels for patients with abnor-
mal segmentation. 

This time-consuming process can lead to human error and
inaccuracy, such as simple poor communication of whether
to count up or down vertebrae levels [3] . Also, miscount-
ing from a reference is an intraoperative error that leads to
WLSS, especially for those with anatomical variations such as
lumbosacral transitional vertebrae or a different number of
lumbar vertebrae or thoracic ribs [4] . The problem is exacer-
bated when fluoroscopy is not able to produce images with
the clarity needed to confidently count levels, particularly
if no clear reference is located. Using standard fluoroscopy,
various preoperative and intraoperative methods have aimed
to mark the operative level with a visual contrast to over-
come a distorted visual field [5–9] . However, each method
relies on the same visualization tools to make accurate
decisions. 

With the current tools, localizing the accurate location of
the vertebrae can be challenging in patients with obesity,
anatomical variations, and at the cervicothoracic junction. Of
the reported WLSS cases from 1999 to 2010, 42.3% were still
due to misinterpretations of images [10] . 

Case presentations 

This study reports the imaging of two obese adult female pa-
tients. Fluoroscopy images of obese patients are difficult to
capture for two reasons. The excessive soft tissue envelope
leads to poor radiation penetration and increases scatter, de-
creasing quality of images [11] . In addition, limitations of film
size may restrict the field of view for important anatomical
features in larger patients. To identify the operative level, the
subjects had standard fluoroscopy images taken. In addition,
imaging of a new feature called the “2D Long Film’’ was used.
This feature is available for the Medtronic (Minneapolis, MN)
O-arm Surgical Imaging System. The figures display the im-
provement of localization imaging using 2D Long Film com-
pared to standard fluoroscopy for these two patients under-
going thoracic surgery. 
Case 1 

The first case is a patient with a body mass index of 36.9 under-
going transforaminal thoracic interbody fusion at levels T7-T9.
Figure 1 demonstrates that 2D Long Film can improve upon
the increased scatter and restricted field of view seen in stan-
dard fluoroscopy for obese patients in need of thoracic local-
ization. Panel C utilizes the 2D Long Film and shows improved
image quality compared to standard fluoroscopy in Panel B. 

Case 2 

The second case is a patient with a body mass index of 42.0
undergoing transforaminal thoracic interbody fusion at lev-
els T6-T7. Comparing the subject’s images, in Figure 2 , the 2D
Long Film in Panel C demonstrates both the improved image
quality and the increased area of visibility compared to Panel
B. Such enhancements can clarify ambiguous imaging intra-
operatively for patients and allow surgical procedures to pro-
ceed with more confidence. 

Discussion 

WLSS is a “never event” in spine surgery that unfortunately
continues to occur and may be under-reported in the liter-
ature. Visualization of vertebral landmarks such as the C7
spinous process can be difficult for many patients with obe-
sity, low bone mineral density, and anatomical variations.
Methods such as skin markers, injected polymethylmethacry-
late cement or methylene blue dye, and reference frames have
been used to aid visualization, but each comes with its own in-
herent disadvantage [12] . The 2D Long Film is a new tool for
clinicians to use with minimal drawbacks to get a better visu-
alization of the operative level and avoid WLSS. 

The 2D Long Film allows surgeons to look at one long
construct of the spine, similar to other computed and digi-
tal radiography methods, but with an increased image quality
when compared to other long film xrays [ 12 ,13 ]. Radiographic
images of long constructs are typically confirmed outside the
operating room (OR), but newer methods are allowing for au-
tomatic digital stitching of fluoroscopy images. Long radio-
graphic images can be acquired using CT or the EOS Imaging
system in settings outside the OR. In the OR, the Medtronic
O-arm captures ∼4-6 vertebrae in one fluoroscopic image [14] .
The new 2D Long Film in the O-arm allows for ∼12-16 vertebral
levels to be in one image [15] . If the O-arm is a part of the sur-
geon’s typical workflow, the 2D Long Film could be used with
minimal disruption. 

Traditional stitching of long cassette-type images has been
done manually and can lead to increased distortion. Sem-
brano et al. 2015 concluded that shoulder–pelvis balance and
T1–pelvic angle were not reliable measurements on manually
stitched images, which can be created by unintended motion
of the imaging apparatus, imager, and/or patient, creating a
parallax discrepancy [16] . Manual stitching of images intro-
duces human variability to a tedious, time-constrained task
and can lead to inaccuracy and potential WLSS. 
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Fig. 1 – The first case is an obese (BMI 36.9) adult female with thoracic myelopathy, who underwent a decompression of 
spondylosis and TTIF at levels T7-T9 (A). Standard fluoroscopic images were taken, and the upper instrumented level, 
known to be L3, was used to count up to a K-wire over 2 images for level confirmation, indicated by the arrow (B). The 2D 

Long Film captures the known L3 instrumentation and K-wire in a single image for localization of the K-wire in the T8 
pedicle (C). BMI, body mass index; TTIF, transforaminal thoracic interbody fusion. 

Fig. 2 – The second case is an obese (BMI 42.0) adult female who also underwent a TTIF at the T6-T7 levels for spondylosis 
(A). The standard fluoroscopic images display arrows to the localization needles (B). The 2D Long Film clearly depicts all four 
incision localization needles (C). Level confirmation with the pedicle probe is localized to the T5 level, shown with an arrow 

(D). BMI, body mass index; TTIF, transforaminal thoracic interbody fusion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

More modern automatic stitching methods have also been
reported to be a cause of misdiagnosis, inaccurate measure-
ments, and miscounting of vertebrae [17–19] . A case report
demonstrated the misalignment of images in an automatic
stitching software, which created a false image that appeared
to have a broken rod. However, the rod was completely intact
intraoperatively [17] . Another report found a missing vertebra
from the automatic stitching of a long cassette-type image,
which would have ultimately led to WLSS in many cases [18] .
These errors are reported rarely in the literature. Despite im-
provements, the image artifacts from other automatic stitch-
ing methods can lead to mismanagement due to technological
errors. The largest study on error rates in stitched imaging for
the spine reported 16% of 86 scoliosis patients had a misdi-
agnosis when based solely on the long film imaging [19] . The
novel technology of 2D Long Film is only reported in one clin-
ical study, and it is important to emphasize the utility of this
new feature to aid proper localization, not just as an alterna-
tive to unclear imaging, but also as a new standard of care [20] .

The Medtronic O-arm gathers the 2D Long Film via a multi-
slot collimator along a gantry which is not used in any other
current apparatus. The EOS imaging apparatus uses a single
slot scanning system, while several other imaging systems
utilize one source and detector along the longitudinal axis of
the spine [15] . This unique method of 2D Long Film imaging
minimizes the x-ray scatter that is caused by long film im-
ages through a reduction in noise and increased spatial accu-
racy [ 13 ,14 ]. The multi-slot collimator is an improvement to
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the current stitching methods since it captures different an-
gles of the object as the gantry travels, leading to increased
sampling size and resolution. The images are acquired with
less radiation than standard fluoroscopy and reconstructed
using tomosynthesis methods to form the final 2D Long Film.
A cadaver study demonstrated this new technology improves
depth resolution and rejection of out-of-plane clutter com-
pared to traditional fluoroscopy [14] . These factors could al-
low for improved localization of vertebrae and a reduction of
WLSS. 

Conclusion 

The thoracic spine can be difficult to visualize due to the uni-
formity of the levels, variation of the number of ribs, and
scapulohumeral shadows. However, the non-anatomical fac-
tors of intraoperative radiographic imaging are among the
most commonly reported causes of WLSS [4] . Our report dis-
plays the differences between standard fluoroscopy and the
2D Long Film for thoracic level localization, demonstrating a
potential new standard of care for better visualization, leading
to a less challenging vertebrae localization process, potentially
mitigating WLSS risk. The quality of this new 2D Long Film
feature could potentially reduce time in the operating room,
the necessity of other visualization methods, and lead to accu-
rate localization. A large multicenter study is likely needed to
demonstrate and expand upon the utility of this new feature
presented in this study. This tool could also help surgeons ver-
ify the construct before closure and allow for other quantita-
tive measurements of spinal alignment. Visualization of long
constructs with 3D-2D registration, automatic vertebral label-
ing and measurements are some potential developments that
could follow this new technology. 

Patient consent 

Patient consent was obtained, and all identifying patient in-
formation is redacted. 
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