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BACKGROUND: Superior-level facet joint violation by pedicle screws may result in
increased stress to the level above the instrumentation and may contribute to adjacent
segment disease. Previous studies have evaluated facet joint violations in open or
percutaneous screw cases, but there are no reports describing a direct institutional
comparison.

OBJECTIVE: To compare the incidence of superior-level facet violation for open vs
percutaneous pedicle screws and to evaluate patient and surgical factors that affect this
outcome.

METHODS: We reviewed 279 consecutive patients who underwent an index
instrumented lumbar fusion from 2007 to 2011 for degenerative spine disease with
stenosis with or without spondylolisthesis. We used a computed tomography grading
system that represents progressively increasing grades of facet joint violation. Patient
and surgical factors were evaluated to determine their impact on facet violation.
RESULTS: Our cohort consisted of 126 open and 153 percutaneous cases. Percutane-
ous procedures had a higher overall violation grade (P = .02) and a greater incidence of
high-grade violations (P = .006) compared with open procedures. Bivariate analysis
showed significantly greater violations in percutaneous cases for age < 65 years, obesity,
pedicle screws at L4, and 1- and 2-level surgeries. Multivariate analysis showed the
percutaneous approach and depth of the spine to be independent risk factors for high-
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grade violations.

CONCLUSION: This study demonstrates greater facet violations for percutaneously
placed pedicle screws compared with open screws.
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he most widely used technique for instru-

mented posterior lumbar fusion is the

traditional open approach." However,
there is increasing interest in the minimally
invasive technique of placing pedicle screws
percutaneously. The standard open technique
requires extensive dissection of soft tissue and
muscle to expose anatomic landmarks, resulting
in increased blood loss, greater risk of post-
operative infection, and prolonged recovery
time."” The percutaneous technique attempts
to reduce some of these issues by decreasing the

ABBREVIATIONS: ASD, adjacent-segment disease;
BMI, body mass index; Cl, confidence interval; OR,
odds ratio
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operative time and extent of dissection, leading
to decreased blood loss, faster recovery time, and
less postoperative incisional back pain."®'?

An important consideration in all instru-
mented pedicle screw cases is preventing the
development of adjacent-segment disease (ASD)
by limiting injury to the adjacent-level structures,
specifically the superior facet. Damage to this
facet joint can contribute to increased stress at the
adjacent level and possibly lead to radiological
and symptomatic adjacent segment stenosis,
requiring additional surgery and increasing med-
ical costs.'®'* Previous studies report the rates of
facet joint violation in open procedures to be
24% to 100%, depending on the specific screw
insertion technique used.””™” For percutaneous
procedures, rates range from 11% to 50%.'®"?

www.neurosurgery-online.com



A recent cadaveric study by Patel et al*° found a 58% rate of facet
violation with percutaneous pedicle screw insertion. Overall,
there is no consensus on which approach has a greater incidence
of facet joint violations.

To the best of our knowledge, no study has directly compared
facet joint violations in open and percutaneous procedures
performed by a surgical team. The purpose of this study was to
investigate the incidence of cranial facet joint violations with open
and percutaneous pedicle screw insertion methods at a single
academic institution with surgeons routinely performing both
techniques. Patient and operative characteristics were evaluated to
determine whether they affect the rate of facet violation. Post-
operative computed tomography (CT) was used in this study to
assess facet joint violations because CT has been shown to be more
accurate than plain radiography in detecting the placement of
pedicle screws.”"**

MATERIALS AND METHODS

Patient Cohort

Institutional review board approval was obtained for this study. We
retrospectively reviewed all patients who underwent instrumented lumbar
fusion (open or percutaneous) by our 6 spine surgeons from January 2007
to November 2011 for degenerative spine disease with stenosis with or
without spondylolisthesis. Additional inclusion criteria for the study
included age > 18 years, bilateral pedicle screw fixation, and the presence
of a postoperative CT scan performed no later than 3 months after
surgery. We performed 2 different methods to confirm that all patients
meeting these criteria were included. We evaluated a list of all surgeries
performed at our institution during the study period for these criteria and
then checked the medical and radiological records to confirm patients
who had postoperative CT. We also searched a hospital-based database
by current procedural terminology codes for lumbar instrumentation
(22840 and 22842) and coding for CT lumbar spine (72131-72133). A
total of 279 patients met our inclusion criteria and were the basis of this
study. This cohort included 126 open and 153 percutaneous cases
(Table 1). Because all patients had screws placed bilaterally, this study
evaluated 558 screws. The surgical indications for the procedures
included stenosis with spondylolisthesis (51.4%), stenosis with degen-
erative spine disease and arthropathy (33.2%), degenerative scoliosis with
stenosis (12.9%), and stenosis with pseudoarthrosis at a cranial level
(2.5%). In addition, there were no significant differences between the
indications for open and percutaneous cases. Of the 279 patients, 133
(47.7%) were male and 146 (52.3%) were female. The average age of our
cohort was 62 years, with ages ranging from 22 to 90 years. Table 1
demonstrates that the percutaneous and open groups had similar baseline
and surgical demographics.

Surgical Team

The surgical team consisted of 6 surgeons who performed percutaneous
and open surgeries during the study period (Table 2). Three surgeons
performed both percutaneous and open cases; the 3 others used only 1
approach. The study surgeons had a median posttraining experience of
4.5 years (range, 3-24 years). Of the 4 surgeons who performed
percutaneous screws, 2 placed screws through a direct or target view of
each pedicle on fluoroscopy, and the other 2 lined up the fluoroscopic
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TABLE 1. Patient, Screw, and Violation Characteristics: Open vs
Percutaneous Screws
Open Percutaneous P
Screws, n 252 306 NA
Mean age, y 60.1 = 1.1 61.1 = 1.1 .55
Mean body mass 309 £ 055 294 £ 051 .06
index, kg/m?
Male (n = 133), % (n) 50 (63) 45.8 (70) A8
Female (n = 146), % (n) 50 (63) 54.2 (83) 48
Top screws, % (n)
L1 (n = 29) 7.9 (10) 12.4 (19) 22
L2 (n = 56) 14.3 (18) 24.8 (38) .03
L3 (n = 52) 24.6 (31) 13.7 (21) .02
L4 (n=111) 42.1 (53) 37.9 (58) A8
L5 (n =31) 11.1 (14) 11.1 (17) 1.0
Fusion length, % (n)
5 Levels (n = 10) 4.0 (5) 3.3 (5) .76
4 Levels (n = 33) 7.1 09) 15.7 (24) .03
3 Levels (n = 37) 13.5 (17) 13.1 (20) 92
2 Levels (n = 71) 26.2 (33) 24.8 (38) .80
1 Level (n = 128) 49.2 (62) 43.1 (66) 31
Depth of spine (SD), mm 79.7 = 19.5 716 = 184 .001
Mean facet violation grade  0.45 = 0.045 0.62 = 0.053 .02
Incidence grade 1, n (%) 63 (25.0) 82 (26.8) 70
Incidence grade 2, n (%) 18 (7.1) 15 (4.9) 34
Incidence grade 3, n (%) 5 (2.0) 26 (8.5) .006
Long-term follow-up, n (%) 48 (84.2) 9 (15.8) <.001

images based on the endplates and spinous process. There were no
significant differences in violations between these 2 techniques. In
addition, no significant differences in the grades of facet joint violations
were found between surgeons.

Radiographic Evaluation

All CT scans were obtained with 0.6-mm slices and allowed coronal and
sagittal reconstructions. Postoperative CT scans were acquired primarily
for routine hardware evaluations (41.9%). CT scans were also ordered for
persistent back or leg pain (28.0%) and the presence of postoperative
complications such as new neurological deficit/symptoms, hematoma, or
evaluation of surgical-site infection (18.3%). The remaining scans
(11.8%) were performed for nonneurosurgical indications, including

TABLE 2. Technique and Experience of Study Surgeons
Approaches Spine Years From Training/
Surgeon Used Fellowship Fellowship Experience
1 Percutaneous/ No 3
open
2 Percutaneous/ Yes 5
open
3 Open Yes 24
4 Percutaneous Yes 9
5 Open Yes 4
6 Percutaneous/ Yes 3
open
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TABLE 3. Facet Joint Violation Grading Scale

Grade 0 Screw not in facet

Grade 1 Screw in lateral facet but not in facet articulation
Grade 2 Penetration of facet articulation by screw

Grade 3 Screw travels within facet articulation

abdominal and pelvic pathology and pain. It is important to note that
there were no significant differences in the indications for getting a CT
scan between percutaneous and open cases. We also found no significant
difference in facet violations when comparing across indications. The
presence of facet violation on the postoperative CT at < 3 months did not
guide any acute management or clearly result in new acute symptoms.
The grading criterion for facet joint violation was established before
radiographic review (Table 3). A screw that was not in the facet and did
not encroach on the facet joint was labeled grade 0. If the screw was in
the lateral facet but did not enter the articular facet, it was labeled grade 1
(Figure 1). Screws that penetrated the articular facet by = 1 mm were
assigned a grade 2 violation (Figure 2). Those screws traveling within the
articular surface of the facet were given a grade 3 designation (Figure 3).
All screws were graded by evaluating axial images together with the
coronal and sagittal reconstructed ones.

The top-level screws were evaluated by 2 different observers for
evidence and grade of facet violation. The interobserver and intraobserver
Pearson 7 coefficients were 0.98 and 1.0, respectively. Both sides were
assessed independently. Patient parameters, including age, sex, and body
mass index (BMI), and surgical factors, including the level or segment of
spine at the top of the construct, the distance from the skin surface to the
L4 lamina, and the number of operative levels, were recorded. Operative
reports and radiographic images were used to confirm whether the screws
were placed through an open or percutaneous technique.

The primary outcomes for this study were the mean grade and
incidence of facet violation resulting from open and percutaneous pedicle
screw placement. Secondary outcomes included evaluating patient and
surgical factors affecting the primary outcomes. We also evaluated
whether facet violations affected the development of clinically significant

adjacent segment disease. The charts of patients with at least 3 years of
follow-up were reviewed to determine need for subsequent lumbar surgery
for ASD. We compared facet violation grade for patients requiring surgery
for ASD and those who remained asymptomatic.

Statistical Analysis

Associations between dichotomous surgery type (open vs percutaneous
cases) and other categorical variables (sex, dichotomized BMI, age, etc) were
determined with x? tests. Relationships between surgery type and normally
distributed continuous variables were examined with the Student # test.
Multivariate analyses of dichotomized outcomes of summary grade of
violation variable and surgery type, along with risk variables (age [< 65 or
> 65 years], sex, BMI [< 30 or > 30 kg/m?], depth of spine [distance
from skin to L4 lamina], level of cranial aspect of construct, and fusion
length), were performed with logistic regression analysis. All analyses were

conducted with SAS 9.2 (SAS, SAS Institute Inc, Cary, North Carolina).

RESULTS

Outcomes Between Open and
Percutaneous Procedures

There was a statistically significant difference between percu-
taneous and open screws with respect to overall grade (0.62 vs
0.45; P = .02) and the incidence of grade 3 violations (8.5% vs
2.0%; P = .006). No significant differences were seen in the
incidences of grade 1 (25.0% vs 26.8%; P = .70) and grade 2
(7.1% vs 4.9%; P = .34) violations between the open and
percutaneous groups (Table 1).

Factors affecting the primary measures for percutaneous and
open screws were explored. Patients <65 years of age who
underwent percutaneous pedicle screw insertion had a signifi-
cantly higher overall violation grade (0.76 vs 0.48; P = .009) and
incidence of grade 3 violations (14.6% vs 2.5%; P = .002) than
those who underwent an open procedure. For obese patients
(BMI > 30 kg/m?), those who underwent a percutaneous
procedure also had a higher overall violation grade per screw

FIGURE 1. Grade 1 violation: screw violates the lateral facet (bilateral).
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FIGURE 2. Grade 2 violation: screw violates the articular facet surface (right).

(0.78 vs 0.44; P = .003) and incidence of grade 3 violations
(13.1% vs 2.4%; P = .01; Tables 4 and 5).

Analysis of the top of the fusion construct revealed a significant
difference between the percutaneous and open procedures at L4.
With the top of the construct at L4, the percutaneous group had
asignificantly higher overall grade per screw (0.69 vs 0.40; P = .009)
and incidence of grade 3 violations (10.3% vs 0.94%; P = .000).
Percutaneous screws also had a trend of higher violations at L5,
with a higher overall grade per screw (1.41 vs 1.0; P = .22)
and incidence of grade 3 violations (38.2% vs 14.3%; P = .14;
Tables 4 and 5).

The number of operative levels and the grade and incidence of
facet violation were different between the percutaneous and open
groups. Those who underwent a 2-level surgery percutaneously

had a higher overall violation grade (0.58 vs 0.30; P = .02) and
incidence of grade 3 violations (5.3% vs 0%). Analysis of those
who underwent a 1-level procedure also revealed significant
differences in the primary measures, with those in the percuta-
neous group having a significantly higher overall violation grade
(0.81 vs 0.55; P=.04) and incidence of grade 3 violations (16.7%
vs 4.0%; P =.009; Tables 4 and 5). Finally, no grade 3 violations
were found in either group during 3-, 4-, or 5-level surgeries.
Stepwise logistical regression analysis was conducted with age
(< 65 vs = 65 years), BMI (< 30 vs = 30 kg/m?), depth of the
spine (distance from skin to L4 lamina), level of cranial aspect of
construct, and fusion length variables. These results need to be
interpreted with caution because of the relatively low incidence of
high-grade violations. These results revealed factors that

FIGURE 3. Grade 3 violation: screw lies within the articular facet surface (bilateral).
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TABLE 4. Impact of Patient and Surgery Factors on the Mean Grade
of Facet Violation: Open vs Percutaneous Screws
Mean Facet Violation
Risk Factor Open Percutaneous P

Age >65y 0.40 = 0.066 0.46 = 0.054 48
Age <65y 0.48 = 0.060 0.76 = 0.085 .009
Male sex 0.46 = 0.062 0.66 = 0.077 .05
Female sex 0.44 = 0.065 0.59 = 0.072 15
Body mass > 30 kg/m?  0.44 + 0.064 0.78 £ 0.096 .003
Body mass < 30 kg/m?  0.49 * 0.069 0.53 = 0.061 .69
Top screws

L1 0.65 = 0.13 0.18 = 0.064 <.001

L2 0.31 = 0.087 0.47 = 0.071 .16

L3 0.32 = 0.072 045 *= 0.11 .30

L4 0.40 = 0.064 0.69 = 0.089 .009

L5 1.0 = 0.22 141 = 0.24 22
Fusion length

4 Levels 0.28 = 0.14 0.38 = 0.087 .56

3 Levels 041 = 0.10 0.53 = 0.095 42

2 Levels 0.30 = 0.061 0.58 = 0.094 .02

1 Level 0.55 = 0.076 0.81 = 0.097 .04

independently contributed to a high-grade violation, including
the percutaneous approach and depth of the spine. The odds ratio
(OR) for significant risk factors for high-grade facet violation was
8.55 (95% confidence interval [CI], 2.51-29.14) for the
percutaneous approach and 1.04 (95% CI, 1.02-1.07) for depth
of the spine. Interestingly, age << 65 years showed increased risk
for high-grade violations for percutaneous screws (OR, 8.5; 95%
CI, 1.20-15.95).

The effect of pedicle screw insertion by residents was also
evaluated by comparing facet joint violation of screws on each side of
the spine. One surgeon using the open approach had a significantly
higher overall violation grade in left-sided screws (0.59 vs 0.22;
P =.05). All other surgeons inserting pedicle screws using the open
approach had similar overall violation grades between screw sides

(P = .86, .26, .17, and .98). However, right-sided screws had

TABLE 5. Impact of Patient and Surgery Factors on Grade 3
Violation: Open vs Percutaneous Screws

Incidence Grade 3, % (n)

Risk Factor Open Percutaneous P
Age > 65y (n = 236) 1.1 (1) 42 .82
Age < 65y (n =322) 2.5 (4) 146 (24) .002
Male sex (n = 266) 24 (3) 6(12) .07
Female sex (n = 292) 1.6 (2) 4 (14) .04
Body mass index > 30 kg/m? (n=248) 2.4 (3) 13 1(16) .01
Body mass index < 30 kg/m? (n=292) 1.8 (2) 6 (10) .16
L4 (n = 222) 0.94 (1) 10 3 (12)  .006
L5 (n = 62) 14.3 (4) 38.2 (13) 14

1 Level (n = 256)
Depth of spine, mm

4.0 (5) 16.7 (22)  .009
818 29 903 =41 .37
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a significantly higher overall violation grade for 1 surgeon using the
percutaneous technique (0.53 vs 0.30; P = .05). The remaining 3
surgeons performing percutaneous cases had similar violation
grades between screw sides (P = .79, .29, and .27).

Facet Joint Violations in Patients Who Underwent
Additional Lumbar Surgery

There were 57 patients in our cohort who had at least 3 years of
follow-up, most of whom underwent open lumbar fusion surgery
(84.2%). Of these patients, 7 (12.3%) had a subsequent lumbar
surgery for symptomatic adjacent-level stenosis and degeneration
requiring adjacent-level decompression with extension of fusion.
ASD was diagnosed with CT or magnetic resonance imaging, with all
patients having mild to moderate facet hypertrophy and degenera-
tion, mild to severe central canal stenosis, and foraminal narrowing,.
Patients who had additional lumbar surgery had a significantly higher
overall violation grade (1.1 vs 0.49; P = .002) and incidence of grade
2 violations (35.7% vs 7.0%; P = .01) compared with all patients
with 3 years of follow-up. In addition, the incidence of grade 3
violations was greater in those who underwent additional surgery,
although this difference did not reach statistical significance (7.1%
vs 0.88%; P =.08). No other patients had symptoms from ASD or

required postoperative or remote surgery for other indications.

DISCUSSION

Because of the increasing use of lumbar fusion with pedicle
screws, there is concern about the short- and long-term complica-
tions and consequences of these procedures.”>***> Although most
of the focus on the complications of pedicle screws is on cortical
violation and neurological injury, there is increasing focus of the
impact of the top of construct screws on ASD.''**® Bio
mechanical studies show increased intradiskal pressure and facet
loading after fusion, accelerating degenerative changes.'**”’
However, it is also thought that violation of adjacent facet joints
by hardware may be a large contributor to postfusion ASD.'>?" Tt
is therefore important to preserve adjacent facet joints when
inserting pedicle screws.

A thorough review of the literature demonstrates that it is
unclear whether open or percutaneous pedicle screw placement
results in more facet violations. Moshirfar et al'® evaluated 204
patients who underwent open screw placement and found that
24% of cases had cranial facet joint violations. Another study by
Shah et al'’ evaluating facet joint violation during open
procedures found violations in 37 of 106 patients (35%). The
incidence of facet joint violation varies, depending on the method
of pedicle screw insertion; a study by Chen et al'> revealed
a 100% incidence of facet violation with the Roy-Camille method
but only 36% when the Weinstein method was used. A few
studies have also evaluated percutaneous pedicle screw placement
on facet joint violations. Knox et al'” evaluated 61 patients and
found 7 patients (11.5%) with superior-level facet violations,
whereas Park et al'® found a 50% incidence of violations after
reviewing 184 pedicle screws (92 cases). In addition, a cadaveric
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study performed to evaluate facet violations with percutaneous
pedicle screw placement found a 58% incidence of violations after
the placement of 28 screws.2’ Thus, the literature is unclear on
which surgical approach results in more facet joint violations, and
risk factors that increase the incidence of facet violation are poorly

defined.

Comparison of Facet Joint Violation Between Open and
Percutaneous Approaches

We describe a direct comparison of the incidence of superior-
level facet joint violations for percutaneous and open techniques
performed at a single institution in surgeons skilled at both
procedures. In our series, the overall violation grade (2 = .02) and
incidence of grade 3 violations (P = .006) were significantly
higher in those patients who underwent percutaneous pedicle
screw placement compared with those in the open group.
Additionally, the likelihood of having a high-grade violation
with percutaneous placement was significantly higher (OR, 8.55;
95% Cl, 2.51-29.14). We hypothesize that there was a higher
violation grade and greater incidence of grade 3 violations for the
percutaneous cases because these cases rely on radiographic and
limited tactile feedback for determination of screw entry site and
trajectory. In contrast, the open approach allows direct visual-
ization of the facet. An incorrect or too medial starting point on
the facet joint makes it impossible to avoid getting a higher-grade
violation. In some cases, it is possible to feel the tools on the
transverse process and not on the facet, but certain patient factors
could make this maneuver more difficult, as described below.
Even with perfect fluoroscopic images, a slightly poor choice of
entry site or too much medial angulation can result in a violation.
The low incidences of grade 1 and 2 violations in this study
indicate that experienced surgeons can avoid facet injury with
both percutaneous and open approaches. However, the differ-
ences in primary outcomes for overall grade and grade 3 violations
reflect the fact that certain factors predispose percutaneous cases
to facet violation.

Patient factors such as age and BMI may contribute to increased
difficulty in avoiding the facet in percutaneous cases. For example,
patients < 65 years of age had a higher incidence of facet violations
and a higher incidence of grade 3 violations. The likelihood of
high-grade violations in these patients was significantly higher for
percutaneously inserted screws. A possible explanation is that these
younger patients have greater skin elasticity and muscle strength,
density, and thickness compared with elderly patients.”’
Younger patients also have firmer muscles because the lower
paraspinal muscles undergo fatty replacement in an age-progressive
manner.”’ This stronger tissue may make it more difficult to get
the tactile sensation needed to palpate and avoid the facet for an
entry site. In addition, the increased resistance from the muscle
may make it difficult for the surgeon to obtain appropriate medial
angulation of the screw from a properly selected entry site, leading
the surgeon to move the entry site more medially starting on the
facet. Obese patients (BMI > 30 kg/m?) also had increased
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violations for percutaneous cases. Obese patients may have poorer-
quality radiological intraoperative images, which are absolutely
important for percutaneous screw placement.?>*® Additionally, the
distance from the skin to the spine may be increased in obese
patients, therefore increasing the length of the instruments and
decreasing tactile sensation for feeling the facet joint and ideal entry
site, making appropriate angulation more difficult to achieve. This
study reveals the depth of the spine to be an independent risk factor
for high-grade violations (OR, 1.04; 95% CI, 1.02-1.07).
Traditional open methods avoid these issues by direct tissue
dissection and retraction and by exposure of the facet.

Evaluation of operative parameters revealed more facet joint
violations in the percutaneous group for screws at L4 and 1- to
2-level surgeries. More violations at L4 may be due to the typically
increased lordosis at this level, resulting in greater depth and lower
lumbar screw skin incisions being very close to one another if not at
same location, limiting ideal screw placement owing to the close
proximity of the other lower-level screw hardware extending out of
the skin.”” Additionally, patients have a higher prevalence of facet
joint arthropathy and hypertrophy at the L3-4 and L4-5 facets,
therefore increasing the risk of facet joint violation with pedicle
screw insertion.”® A larger facet may be harder to avoid with
percutaneous techniques because it is difficult to get lateral
enough to avoid the facet and try to get appropriate medial
angulation to cannulate the pedicle. The percutaneous approach
may have had more facet joint violations for 1- to 2-level surgeries
because these procedures in our population involved mostly
pedicle screw insertion at L4 and L5 or the most commonly
arthritic levels.'”*® Others have noted difficulty with placement
of percutancous screws at these levels."”*® In cases with =3
instrumented levels, the surgeon could have had a warming-up
effect and had a better appreciation of the individual’s facet
anatomy to avoid the top of the construct joint. Additionally,
multiple levels permit better incision location selection, allowing
easier anatomic localization for screw insertion.””

Examination of pedicle screws inserted by residents revealed
significant differences only in open and percutaneous cases
involving 2 surgeons, with no significant differences being found
for the entire group. Although intuitively it is more challenging to
instruct residents using the percutaneous technique, increased
facet joint violations were not seen when all percutaneous cases
were examined. Although this technique relies heavily on tactile
feedback to determine the ideal entry site, intraoperative fluoros-
copy and surgeon instruction aid in the safe insertion of
percutaneous pedicle screws.

Because of the complexities of placing percutaneous pedicle
screws, technologies such as intraoperative navigation are of great
interest. Although many studies have demonstrated more accurate
pedicle screw placement during open procedures with the use of
computer-assisted image guidance, few studies have examined the
utility of this technology in minimally invasive cases.®*** A study
by Nakashima et al*> compared pedicle screw placement precision
with the use of the 3-dimensional fluoroscopic method and
conventional fluoroscopy. Of 150 screws implanted with
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3-dimensional fluoroscopy-based image guidance, 7.3% were
classified as exposed screws, with no cases involving pedicle
perforation. However, of 150 screws inserted under conventional
fluoroscopy, 12% were exposed and 3.3% perforated the pedicle.
Similarly, 3-dimensional fluoroscopy has been shown to signifi-
cantly reduce minimally invasive pedicle screw misplacement and
the incidence of electromyography warnings compared with using
preoperative CT images merged to intraoperative 2-dimensional
fluoroscopy.** Further studies are needed to evaluate the use of
these technologies for the avoidance of facet joint violations.

Development of ASD

Because facet joint violation may be a factor for the development
of ASD, we evaluated the violation grades of those who underwent
further lumbar surgery as a result of symptomatic ASD. It was seen
that the overall violation grade (P = .002) and the incidence of
grade 2 violations (P = .01) were significantly higher in these
patients. Although the incidence of grade 3 violations in this group
was not statistically significant, it was 8-fold higher compared with
those who did not develop ASD. These preliminary results may
implicate facet joint violations as a contributor to the development
of ASD. However, a multitude of other factors such as the length
of the fusion construct may also contribute to the development of
ASD. Because we did not control for these factors, the exact impact
of facet joint violations on this outcome is unclear. In addition, the
small number of patients with long-term follow-up is inadequate
to make conclusive statements regarding the development of ASD
in patients with facet joint violations. Additional studies are
needed to identify independent predictive factors for ASD.

Grading System for Facet Joint Violation

Several articles have categorized different facet violations, but
there is no consistently used scale that takes into consideration the
fact that different types of facet joint violations may differ in severity
and contribution to future outcomes. Thus, we used a descriptive
grading scheme based on progressive violation of the facet to
document this injury more accurately. This new scale differentiates
between screws that lie in the lateral facet joint, those that penetrate
the facet articulation, and those that travel within the articulation.
We hypothesize that greater injury to the articulation would result
in greater risk of future adjacent disease. Biomechanical studies
show that the nature of each of these facet violations may
significantly affect spine biomechanics because screws placed even
in the proximity of the articular surface may cause increases in
intradiskal pressure and facet contact force.'* The impact of the
lower-grade violations remains to be determined. We cannot
advocate for further use of this scale until it is validated in future
studies.

Limitations

A limitation of this study is its retrospective nature and the
limitations of recall bias and imperfectly matched groups.
However, we have tried to minimize these biases by selecting
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patients with the same indication for lumbar fusion. Additionally,
patients were selected because of the presence of postoperative CT
scans, so this study was more likely to include and describe patients
with poorer outcomes by selecting only patients who had the need
for this image modality. However, we show that the most common
indication for postoperative CT scans is routine follow-up because
some study surgeons order scans after every fusion procedure.
Additionally, our rates of facet violation are similar to those found
in the literature. In addition, although we suggest that facet joint
violations contribute to the development of postfusion ASD, the
small sample size of patients with long-term follow-up does not
allow conclusive statements about the role of facet joint violations
in this outcome, and many other factors may contribute to this
effect. Because ASD is typically a remote complication, we plan to
follow up all of the 279 patients (of the current cohort) to 3 to
5 years, allowing more conclusive evidence concerning the
development of ASD as a possible result of facet joint violation
and other factors. Finally, the grading scale used in this study for
facet joint violations was developed for descriptive purposes. This
scale has not yet been validated, and future studies are needed to
determine the impact of violations of various grades on outcome.
Therefore, the role of lower-grade (grade 1 and 2) violations on
facet joint damage and subsequent ASD remains unclear.

CONCLUSION

The results of this study show that percutaneous pedicle screw
insertion is associated with a higher incidence of higher-grade facet
joint violation compared with the traditional open approach. The
incidence of facet violation is greater with percutaneous screws in
patients who are < 65 years of age, in the obese, in 1- or 2-level
fusion surgeries, and in surgeries ending cranially at L4. The
depth of the spine is also an independent risk factor for high-
grade facet violation. Because facet joint violation may increase
the risk of ASD, it is important to limit or reduce these injuries.
This study will help spine surgeons limit this complication by
providing knowledge of patient and operative factors with
greatest risk. This study also demonstrates that spine surgeons
experienced in the techniques of open or percutaneous screw
placement are good at avoiding facet injury in the majority of
cases with a low incidence of clinically relevant violations.
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COMMENTS

his very interesting article highlights some of the technical challenges
in placing percutaneous pedicles screws with standard fluoroscopy.

The authors demonstrate that higher-grade superior facet disruptions
occur in percutaneous screw placement compared with traditional open
techniques. Independent risk factors for high grade 3 disruptions include
body mass index > 30 kg/m?, age << 65 years, cranial screw placement at
L4, increased depth of tissue to the spine, and 2-level percutaneous screw
placement. I believe that as spine surgeons, we should look at advanced
technologies for instrumentation placement, especially in minimally
invasive procedures, such as navigation in reducing superior facet dis-
ruption and the incidence of adjacent-segment disease and revision
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surgery. The authors have presented an article worthy of discussion
among the community of spine surgeons as we continue to evolve our
procedures into more minimally invasive procedures.

Daniel Refai
Atlanta, Georgia

his article reports a retrospectively reviewed cohort of 126 open and

153 percutaneously instrumented lumbar fusion cases by 6 neuro-
surgeons. The grades of facet violation of the 558 screws at the uppermost
level of the constructs were evaluated by postoperative computed
tomography scans. Patients undergoing percutaneous procedures and
obese patients (body mass index > 30 kg/m?) who had percutaneous
procedures had a higher overall proximal facet violation grade.

The effect of upper-facet violation on adjacent segment disease is still
unclear. The authors found that among the 57 patients who had at least 3
years of follow-up in this study, 7 patients underwent additional lumbar
surgery for adjacent-level disease and had a significantly higher overall
facet violation grade than those who did not require additional surgeries.
As minimally invasive techniques become more widespread, this study
reminds surgeons to pay attention to avoid upper-facet violation so as to
decrease possible adjacent-segment disease. More complete long-term
follow-up of the entire cohort can further elucidate the impact of upper-
facet violation on the proximal adjacent segment.

Tsung-Hsi Tu
Praveen Mummaneni
San Francisco, California
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