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Abstract

Introduction: There is a lack of research investigating the variance and accuracy of different pedicle probe
designs for detecting pedicle tract breaches. This study aims to assess the accuracy of three different ball-tip
probes in detecting pedicle breaches in a lumbar spine model as assessed by orthopaedic surgery trainees

Methods: Pedicle tracts were created bilaterally in six lumbar Sawbones models using a 2mm drill bit. L1-L5
pedicles were randomized to no breach, superior, inferior, medial, or lateral breaches. Breach presence and
location were assessed using one of three ball-tip probes with varying head diameter and shaft flexibility.
Residency year, spine case logs and probe preference were recorded. Probe accuracy; level of agreement
between participants by specific probe; and correlation between accuracy, case volume, and residency year
were assessed.

Results: For all probes, breach detection was 80.5%, and location accuracy was 64.1%. There was no
difference in breach detection between different probes. Probe B was significantly more accurate (68.8%)
than probes A or C (63.3% ; 60.3%; p=0.02) in identifying breach locations. Inter-rater reliability was highest
for Probe C regarding breach presence and location (k=0.24 and 0.21, respectively; fair) relative to probes
Aor B. Spine case logs were not correlated with the ability to identify a breach or its location. Residency year
was positively correlated with identifying breach location (r=0.47, p=0.04).

Conclusion: All probes demonstrated high accuracy in breach detection, yet detecting breach location and
inter-rater reliability varied between probe designs. Probe design preference did not correlate with accuracy.
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Introduction

Accurate and reliable pedicle screw placement is essential for the safety and success of instrumented lumbar
spinal fusion procedures.! Despite technological advances, pedicle violation in the lumbar spine is not
uncommon and varies widely in the literature, from 1% to 29% .%5 Often, numerous surgical factors contribute
to these complications, such as multi-dimensional spinal deformities and complex anatomy as seen with
idiopathic or degenerative scoliosis.® Having access to reliable and reproducible intraoperative modes of
feedback in the operating room is essential to ensure accurate pedicle screw placement and to prevent the
potential complications of pedicle breaches. Failure to identify a pedicle violation can result in serious risks to
critical neurovascular structures and the potential for postoperative neurologic deficits.”*

A variety of technologies have been developed to ensure accurate pedicle screw placement, including pedicle
probes or “feelers”, pedicle screw stimulators, computer-assisted navigation, and even robot-assisted pedicle
screw placement.’®'2 The use of pedicle probes to feel for breaches prior to screw insertion remains a critical
skill in spine surgery.''* Regardless of technological advancements, pedicle probes are often the last line of
defense to detect a breach and prevent improper positioning of pedicle screws. Pedicle probes provide a
simple means to assess for pedicle violation, despite some literature challenging the overall reliability of using
pedicle probes as the sole means for evaluating pedicle integrity.'®

Spine surgery is a complex and technically demanding field. During training, orthopaedic surgery residents
often have limited opportunity to develop the necessary surgical skills and competencies to become proficient
with spinal instrumentation. Optimal use of a pedicle ball-tip probe can help developing surgeons acquire the
manual dexterity and spatial awareness necessary for the successful and safe instrumented spinal fusion
procedures. With regards to resident education, the use of bioskills training with pedicle breach uses can be a
valuable learning experience.® This may include simulation-based training, cadaveric training, and supervised
use in live surgical settings. There is a paucity of literature evaluating different pedicle probe designs and
overall accuracy in detecting pedicle breaches. The purpose of this study is to compare the accuracy of
commonly used ball-tip probes in the detection of pedicle breaches in a lumbar spine model by a cohort of
orthopaedic surgery residents.

Materials & Methods

Lumbar spine Sawbones (Pacific Research Company, Vashon, WA) models with normal L1-sacrum anatomy
were acquired. Pedicle screw tracts were created bilaterally in all models from L1-L5. A random number
generator was used to assign each pedicle to one of five possible pedicle tracts: no violation, superior breach,
inferior beach, medial breach, or lateral breach (Figure 1). The breaches were made using a 2-mm drill bit at
the appropriate start point using landmarks for pedicle screws but headed in an aberrant trajectory to simulate
a Lenke probe breach.

A total of six L1-sacrum sawbones with lumbar spine holders were used and set up for three stations. Three
pedicle feelers (marked as probe A, B, or C) with different shaft flexibility and different size ball tip probe heads
were assigned to each station. A digital fractional caliper was utilized to measure the ball-tip probe head
diameter. The caliper was accurate to + 0.03 mm. Probe A had the stiffest shaft, greatest diameter head (1.98
mm), shortest length, and thickest handle. Probe tip B had a medium flexibility shaft, medium sized head (1.95
mm) and notched handle. Probe tip C had the most flexible shaft, smallest head diameter (1.94 mm) and a
short, notched handle. (Figure 2).

Probe A was used to feel 20 pedicles for lumbar spine models A1 and A2, probe B for lumbar spine models B1
and B2, and probe C for lumbar spine models C1 and C2. Residents had ten minutes to complete the two
lumbar spine models at each station. The total time to complete all six models using all three probes (60
pedicles) was capped at thirty minutes (Figure 3). The participants were blinded to the breach location using
cotton around the lumbar spines (Figure 1). This ensured that residents could only rely on tactile feel to
determine the presence and location of a breach if present. Participants were asked to rank the probes in order
of their preference.
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Figure 2. Probe A had the stiffest shaft, greatest diameter head,
shortest length, and thickest handle. Probe tip B had a medium
flexibility shaft, medium sized head, and notched handle. Probe tip C
had the most flexible shaft, smallest head diameter and shortest,
notched handle.

Figure 1. Representative lumbar
sawbones model for pedicle ball-tip
probe bioskills model. Cotton was
utilized to blind participants against
the presence and directionality of any
breech.

Figure 3. Residents completing each respective bioskills station.

The post-graduate year (PGY) and the total number of spine procedures performed prior to the date of the test
were recorded for each participant. PGY2 to PGY5 residents participated, all of whom had prior rotations on
the spine service and had used ball tip probes intraoperatively. Participants were asked to 1) identify if a breach
was present and 2) identify the location of the breach, if present. The accuracy of each participant was
determined by dividing the number of correct responses by the total number of questions.

Chi squared tests were utilized to assess for statistically significant differences in accuracy between the
different probe types. A Fleiss Kappa statistic was calculated to determine the level of agreement between
participants for each probe type used (0.6 k > 0.4, moderate; 0.4 k > 0.2, fair; k < 0.2, poor). Additionally, a
Pearson correlation coefficient was calculated to assess for a correlation between accuracy and case volume
as well as accuracy and year in residency. A p-value of <0.05 was considered statistically significant.

Institutional Review Board (IRB) review was not applicable due to the nature of this study. The study did not
involve any interaction, intervention, or access to identifiable information about individuals.
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Results

A total of 20 residents participated in the study. There were 10 junior residents (PGY2-3) and 10 senior
residents (PGY4-5). The overall accuracy of the group in identifying whether a breach was present was 80.5%,
however the overall inter-rater reliability was poor (k=0.17).

There was no statistically significant difference in accuracy based on probe type in determining if a breach was
present. Probe C was the most reliable probe (k=0.24, fair vs. k<0.2, poor for probes A and B) (Table 1).

Regarding accuracy in identifying the location of a breach, the overall accuracy of the group was 64.1% with
all probes. The overall inter-rater reliability was poor (k=0.19). Probe B was significantly more accurate than
probes A or C, respectively (68.8% vs. 63.3% and 60.3%, p=0.02). Probe C was once again the most reliable
probe (k=0.21, fair vs. poor for probes A and B) (Table 2.)

The number of spine cases performed was not significantly correlated with the accuracy of identifying a breach
(r=0.016, p=0.95) nor the location of a breach (r=0.14, p=0.56). Year in residency was significantly correlated

with identifying the breach location (r=0.47, p=0.04) but not with identifying a breach. When surveyed, the
order of probe preference was Probe C, followed by Probe B, then Probe A (Table 3.)

Table 1. Detecting presence of a pedicle breach (Fleiss Kappa score).

Accuracy Agreement

All 80.50% 0.17 poor
A 82.00% 0.14 poor
P=0.65
(Chi Square)
B 79.80% 0.12 poor
C 79.80% 0.24 fair

Table 2. Detecting location of a pedicle breach (Fleiss Kappa score).

Accuracy Agreement

All 64.10% 0.19 poor
A 63.30% 0.17 poor
P =0.65
(Chi Square)
B 68.80% 0.19 poor
C 60.30% 0.21 fair
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SVOA Orthopaedics


https://sciencevolks.com/orthopaedics/
https://sciencevolks.com/dentistry/
https://sciencevolks.com/dentistry/

Ball-Tipped Probe Type Demonstrates Variation in Detecting Pedicle Screw Tract Breaches by Trainees in Lumbar Spine Model

Table 3. Pearson'sr.

Spine Cases and Accuracy of Breach Location 0.14 0.56
Spine Cases and Identify Breach 0.016 0.95

PGY Year and Accuracy of Breach Location 0.47 0.04
PGY Year and Identify Breach 0.43 0.06

Discussion

Pedicle screw insertion is an essential skill for orthopaedic surgery trainees to safely perform spinal fusion
procedures. The rate of pedicle breaches in lumbar spine procedures varies widely in the literature?® and prior
studies have suggested association with a variety of factors including surgeon experience, rotational scoliotic
deformities’™®®, and the use of free-hand versus computer-assisted navigational systems.?'?? The
complications of improper pedicle screw placement vary widely, from inconsequential to spinal cord or nerve
root injuries resulting in neurologic deficits.”®'2 The purpose of this study is to compare the accuracy or
reliability of three commonly used ball-tip probes in identifying and characterizing pedicle breaches in a
sawbones lumbar spine model.'® Furthermore, the study aims to elucidate whether probe preference, number
of spine cases logged and year in residency were associated with the accuracy of identifying and categorizing
pedicle breaches.

Our findings suggest that pedicle probe design and post-graduate year of residency training were both
associated with overall accuracy of the detection and categorization of pedicle tract breaches using a
standardized sawbones model of the lumbar spine. Specifically, probe B (medium flexible shaft, medium
diameter head) was most accurate in determining the location of a breach (e.g. superior, inferior, medial,
lateral). Subjective preference for either probe and the volume of logged spine cases was not associated with
accuracy in determining the presence or location of a breach. The respective year in residency was associated
with localizing a breach and nearly associated with identifying a presence of a breach. Inter-rater reliability
varied significantly between the different probes used in this study.

Prior literature has shown that accuracy of pedicle breach detection with manual probing can vary depending
on several factors, including the level of the spinal column, directionality of the breach, size of the breach, the
probe's size, the probe tip's shape, and the surgeon's experience.'®?%3 Much of the literature regarding the
accuracy of manual pedicle probing has specifically investigated the thoracic spine.'®2%3" The flexible shaft of
the ball-tip probe provides an advantage by allowing the probe to deflect from cortical bone, particularly the
medial cortical bone of the pedicle.?® However, there is limited research investigating how the shape, size, and
flexibility of these probes impact breach detection. Probes with a large diameter provide a larger surface area
for detecting breaches. However, pedicle probes with a sharper or more tapered tip could theoretically be more
effective at detecting minor breaches. The flexibility or angle of the probe’s shaft can also theoretically impact
the effectiveness of detecting pedicle breaches at different trajectories (e.g. medial versus lateral breach,
superior or inferior breach). For example, a curved probe may be advantageous for pedicle screw insertion in
the subaxial cervical spine where a more medial trajectory can minimize vertebral artery injury.?

Our findings suggest that the probe with the medium diameter head and flexible shaft was more accurate in
determining the direction of the breach, perhaps because the flexible shaft and diameter were optimal for
maneuvering in the bony pedicle space and assessing directionality. Additionally, the probe’s diameter was
potentially optimal to detect the 2 mm breach, because the probe head was able to easily enter the breach site,
but also large enough to have adequate surface contact within the breach site to provide robust tactile
feedback to the user. Another factor to consider is the directionality of the breech. Prior literature has
suggested that lateral breaches are often detected less than medial breaches in cadaveric models.?* However,
our data did not specifically confirm this previously described finding.
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Another critical factor in breach detection is surgeon experience. Surgeons with less experience may be less
effective at using pedicle probes, which can lead to missed breaches.?! Our findings suggested that even on
a residency level, senior residents seemed to have improved accuracy of detecting pedicle breaches relative
to junior residents, further corroborating prior literature. However, there was not a significant correlation
between the total number of spine cases logged and overall detection of pedicle breaches in our cohort. This
may be due to variability in the type of spine cases logged or possibly the level of participation by each
individual resident in the respective cases — although these two variables were not readily accessible for
analysis.

Our analysis essentially indicates that the probe with medium shaft flexibility and medium head size is the most
sensitive for pinpointing the location of a breach. The feedback provided by this combination allows the user
to accurately identify the breach site. In contrast, the probe with the largest ball tip diameter and the least
flexible shaft was found to be the most accurate in determining the presence of a breach. This suggests that
for larger breaches, the stiffness of the shaft and the size of the head make the detection more apparent to the
user. Therefore, we recommend that more experienced users (higher PGY year) would benefit most from using
the medium shaft and flexible head probe for precise breach location. This is supported by the data in Table 3.
Conversely, less experienced users (lower PGY training) might find a probe with a thicker shaft and larger head
more beneficial, as they may not yet be adept at detecting the subtle feedback provided by a more sensitive
probe.

Several inherent limitations exist with regards to this cohort and study design. The most obvious limitation is
that the Sawbones model only partially replicates the intraoperative environment of a pedicle breach. Different
patient factors, such as bone quality, can significantly affect the ability to recognize an intraoperative breach
with different probes. The standardized Sawbones model used here provided a consistent, durable tactile feel
that may overestimate a resident’s ability to recognize an intraoperative breach. Another limitation and
potential confounding variable is the type of spine cases performed by each resident. We attempted to control
for each resident’s prior spine surgery experience by accounting for the total number of prior spine cases
logged. However, the type of cases and participation level were not identified. For example, minimally invasive
fusions often use intraoperative navigation or fluoroscopy to safely place pedicle screws, potentially bypassing
the use of a pedicle feeler. Therefore, residents who had a higher minimally invasive case load may have had
lower exposure to pedicle probes. Another limitation is the lack of a comparative arm, such as a fellowship-
trained spine surgeon.

The breach was created using a 2mm drill to ensure its precise location by the test administrators for the
sawbone model pedicle breach evaluation. However, this method presents a limitation, as breaches are more
likely to occur during Lenke probe insertion or after the tract is tapped, the latter of which would involve cortical
tract ridges. Therefore, this sawbone model study does not exactly replicate an intra-operative pedicle breach.
Nonetheless, the authors believe that the study demonstrates that the differing pedicle probes provide varying
levels of feedback when breaches are present. Understanding this feedback can potentially correlate with what
occurs intra-operatively.

Despite these limitations, this study provides a framework and initial investigation of the influence of pedicle
probe design and surgeon experience on the manual detection of pedicle breaches.

Conclusion

Pedicle probe design and post-graduate year of residency training were associated with overall accuracy of
determining the location of pedicle tract breaches using a standardized Sawbones model of the lumbar spine.
The pedicle probe with the largest ball tip diameter and least flexible shaft was the most accurate in
determining the presence of breach. The pedicle probe with medium shaft flexibility and medium head size was
the most accurate in determining the exact location of a pedicle breach. Inter-rater reliability varied significantly
between the different probes used. Interestingly, subjective probe preference had no association with overall
accuracy in the detection of a pedicle breach or the exact location of the breach. This study demonstrates that
pedicle probe designs may correlate with overall accuracy in the detection of pedicle breach location.
Furthermore, it provides a standardized bioskills model that can be utilized for further investigation of resident
education and skills training in lumbar spinal fusion procedures.
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