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Abstract

Purpose Posterior instrumentation is the state-of-the-art surgical treatment for fractures of the thoracic and lumbar spine.
Options for pedicle screw placement comprise open or minimally invasive techniques. Open instrumentation causes large
approach related muscle detachment, which minimally invasive techniques aim to reduce. However, concerns of accurate
pedicle screw placement are still a matter of debate. Beside neurological complications due to pedicle screw malplacement,
also affection of the facet joints and thus motion dependent pain is known as a complication. The aim of this study was
to assess accuracy of pedicle screw placement concerning facet joint violation (FJV) after open- and minimally invasive
posterior instrumentation.

Methods A retrospective data analysis of postoperative computer tomographic scans of 219 patients (1124 pedicle screws)
was conducted. A total of 116 patients underwent open screw insertion (634 screws) and 103 patients underwent minimally
invasive, percutaneous screw insertion (490 screws).

Results In the lumbar spine (segments 1.3, L4, L5), there were significantly more and higher grade (open=0.55 vs. percuta-
neous=1.2; p=0.001) FJV’s after percutaneously compared to openly inserted screws. In the thoracic spine, no significant
difference concerning rate and grade of FIV was found (p > 0.56).

Conclusion FJV is more likely to occur in percutaneously placed pedicle screws. Additionally, higher grade FIV’s occur
after percutaneous instrumentation. However, in the thoracic spine we didn’t find a significant difference between open and
percutaneous technique. Our results suggest a precise consideration concerning surgical technique according to the fractured
vertebrae in the light of the individual anatomic structures in the preop CT.
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Introduction

Posterior instrumentation is the gold standard for the surgi-
cal treatment of unstable traumatic fractures of the thoracic
and lumbar vertebral columns. Exact anatomical pedicle
screw placement is a prerequisite for avoiding complica-
tions such as neurological complications and facet joint vio-
lation (FJV). FJVs have different clinical and therapeutic
consequences that are dependent on the surgical procedure,
whether it involves posterior instrumentation and interbody
fusion (bone augmentation or cage implantation) or just tem-
porary posterior instrumentation with planned removal of
fixation hardware. In patients with posterior instrumentation
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and interbody fusion, only the most cranial facet joint is
therapeutically relevant for FIV. In patients with temporary
fixation, however, every facet joint will be affected if FIV
is present. FJV can cause pain, instability and adjacent seg-
ment degeneration [1, 2]. There are also cases of segment
arthrosis due to FJV after posterior instrumentation with
later progression of back pain of the initial only temporarily
stabilized segments [3].

In addition to the conventional open technique (OT) for
pedicle screw insertion, minimally invasive procedures have
been established for percutaneous pedicle screw insertion
(PT) techniques [4]. OT requires large dissection and mus-
cle retraction to identify the exact entry point of the pedi-
cle screw, which can lead to muscle damage, atrophy and
increased blood loss but allows a good overview of the surgi-
cal field and landmarks for accurate pedicle screw insertion
[4-6]. However, cortical perforation rates are reported to
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occur in up to 40%, and cranial facet joint violation (CFJV)
rates are described to be up to 100%, depending on which
pedicle insertion technique is used [7]. A cadaveric study
with 48 percutaneous screws reported FJV rates up to 58%
[8]. However, these data have not been verified when directly
compared in clinical appliances with open screw placement.

In the PT, less surgical trauma avoids extended soft tissue
damage. Therefore, this may lead to faster recovery, faster
remobilization and lower postoperative pain [4, 9-11]. On
the other hand, limited access and limited view to the surgi-
cal field raise the concern of reduced accuracy in pedicle
screw placement. Therefore, the insertion of pedicle screws
relies on image guidance as the sole means.

Navigation for pedicle screw placement may allow higher
accuracy in pedicle screw positioning but has its drawbacks
due to cost- and time-intensity [12, 13] as well as reported
malplacement [14].

Material and methods
Research question

Facet joint violation in patients undergoing posterior instru-
mentation of the thoracic or lumbar spine has been described
in several studies [7, 15, 16]. However, data in the litera-
ture are controversial, especially when comparing open and
minimally invasive surgical techniques. We suppose that
minimally invasive pedicle screw placement in favor of less
surgical morbidity comes with a higher risk of FIV com-
pared to open surgery.

Study design

In this retrospective study, we identified risk factors for FIV
and compared the rate and grade of FJV after open and per-
cutaneous posterior instrumentation for traumatic thoracic
and lumbar spinal fractures. FIV was determined by post-
operative computed tomography scans (CT) and was graded
according to a previously published grading system by Babu
etal. [17].

Patients and study design

We retrospectively investigated all patients who underwent
posterior pedicle screw stabilization for traumatic fractures
of the thoracic and/or lumbar spine from April 2014—April
2015. A total of 277 patients were identified, of which 219
received pre- and postoperative CT images and thus were
included in this study. The decision about whether a patient
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was operated on via an open or percutaneous approach was
left to the surgeon and was not randomized or blinded.

Surgical technique

All surgical procedures were performed at the authors”
institution by experienced traumatology surgeons. All pro-
cedures were performed using the Universal Spinal System
USS (DePuy Synthes, Switzerland) or the S4 System (Braun
Aesculap, Melsungen, Germany).

For the open group, a classic standard posterior approach
was used through a midline incision. After dissection of the
fascia, the musculature was detached from the posterior
aspects of the spine, and facet joints were exposed. In the
thoracic spine, the entry point of the pedicle screw was just
below the rim of the upper facet joint and approximately
3 mm lateral to the center of the joint near the base of the
transverse process. The screws converged 10° to the mid-
line and 10°-20° caudally, depending on preoperative CT
evaluation and intraoperative fluoroscopic guidance. The
entry point in the lumbar spine was at the intersection of a
vertical line tangential to the lateral border of the superior
articular process and a horizontal line bisecting the trans-
verse process. The trajectory of the pedicle screws converged
10° in the upper lumbar spine and 10° in the lower lumbar
spine, according to preoperative CT images and intraopera-
tive fluoroscopic guidance. The entry point and progression
of pedicle screw insertion were additionally controlled with
an image intensifier in 2 planes (AP and lateral view) for all
pedicle screws.

For the minimally invasive, percutaneous pedicle screw
insertion, skin incisions were made slightly lateral to the
pedicles after fluoroscopic identification of the pedicle eye.
After dissecting the subcutis and the fascia, a Jamshidi nee-
dle was used to penetrate the pedicle at the cranio-lateral
third of the pedicle eye under fluoroscopic guidance. Under
fluoroscopic guidance, the needle was advanced through the
pedicle up to the vertebral body.

The selection of screw diameter was based on preopera-
tive CT measurements. Length was measured using preop-
erative CT images and was confirmed intraoperatively.

In both techniques, the screw with the largest diameter
and the highest length was always targeted.

Radiological evaluation

All CT scans were performed using a 64 slice Somatom Sen-
sation 64CT scanner (Siemens, Erlangen Germany). Slices
of 1 mm with a pitch factor of 0.75 mm were obtained for
axial, sagittal and coronal reconstruction in all CT scans.
For image evaluation, IMPAX EE R20 VIII software (Agfa
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HealthCare, Mortsel, Belgium) was used. FIV was graded
according to Babu et al. [17] (Fig. 1).

The FJV was evaluated in the sagittal and coronal planes.
Pedicle screws without any contact with the facet joint were
graded as 0. Pedicle screws intruding the border on the lat-
eral, cranial facet joint were graded as 1. Pedicle screws
that violated the articular facet joint surface were graded as
2, and screws lying within the facet joint were graded as 3.

Fig. 1 Grade of FJV according
to Babu et al. [17]

Statistical analysis

Data were checked for consistency, and distributions
were analyzed for normality, binomial and Poisson dis-
tributions. Because several levels of each patient were
measured, generalized estimation equation models based
on binomial, Poisson and normal distributions together

Grade 0: No violation of the joint
surface

Grade 1: PS is tangent to the lateral joint
surface

Grade 2: PS is tangent to the joint
surface

Grade 3: PS lies within the joint surface
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with the identity function were used to analyze the data.
Pairwise comparisons were performed, and corresponding
95% confidence intervals were computed for the effects.
All reported tests were two-sided, and p values <0.05 were
considered as statistically significant. All statistical analy-
ses in this report were performed using PASW 22 (IBM
SPSS Statistics for Windows, Version 21.0., Armonk,
NY).

Results

A total of 277 patients were identified, of which 219 received
pre- and postoperative computer tomographic (CT) images
and thus were included in this study. The overall mean age
was 53 + 19a (16-90) years. Seventy-nine (36.1%) of the
patients were women, and 140 (63.9%) were men. A total of
116 (53%) of the patients underwent open- and 103 (47%)
percutaneous posterior instrumentation.

The mean age in the OT—group was 50.2 years and
54 years in the PT—group and did not differ significantly
(p=0.13). Overall, 563 vertebrae (OT vs. PT: n =318 vs.
n=245) were stabilized with 1124 pedicle screws (OT vs.
PT: n=634 vs. n=490). The surgical indications for stabi-
lization were fracture of a single vertebra in 145 patients
(66.2%) and two or more segments in 74 patients (33.8%).
Eighty-nine patients (40.6%) were treated for fractures of
the thoracic spine and 130 patients (59.4%) for fractures of
the lumbar spine.

Overall, in 66% of the patients, 1 vertebral body was
fractured, in 25% 2 were fractured, in 7.6% 3 were frac-
tured, in 0.4% 5 were fractured, and in 0.7% 7 vertebrae
were fractured.

Four pedicle screws were used in 51% of patients, eight
screws were used in 26.6%, six screws were used in 13.9%,
ten screws were used in 5%, twelve screws were used in 2%,
five screws were used in 1.1% and three screws were used in
0.4%. There was a significant difference between the number
of pedicle screws and age. The mean age of patients with
4 pedicle screws was 47.3 years (CI 46.3-52.1), the mean
age of patients who received 8 screws was 61.7 years (CI
56.4-67) and the mean age of patients with 12 screws was
81.1 years (CI 79.8-82.5) (p <0.001).

The number of fracture levels differed significantly
(p=0.001) and was 1.5 (CI 1.4-1.7) in the OT group and
1.2 (CI 1.1-1.3) in the PT group.

In the OT—group, a mean of 5.6 screws (CI 5.22-6.9)
were used compared to 4.8 screws (CI 4.5-5.1) in the PT—
group (p=0.001).

Intraoperative screw change due to an incorrect screw
position or incorrect screw length was performed in 24 cases
(11.0%), with no difference in the change rate between the
OT and PT groups (p=0.18).

FJV occurred in 16.5% (185) of all pedicle screws,
[OT: =84 (13.2%) vs. PT 101 (20.6%); p =0.04]. The mean
grade of FJV was 0.83 (mean, 95% CI 0.65-1.1; range 0-4)
for the PT—group and 0.59 (CI 0.48-0.71, range 0—4) for
the OT—group (p =0.033) (Table 1).

In the thoracic spine, there were no significant differences
in FJV between the OT and PT groups (p>0.5). In the lum-
bar spine, at levels L3, L4, and LS5, there were significantly
higher grade FJVs in the PT- group than in the OT- group
(percutaneous: 1.2 vs. open: 0.55, p=0.001).

No correlation was found for FJV and patient age, sex or
number of screws.

Discussion

In this study, we investigated the FJV rate after open and
percutaneous posterior instrumentation. We found an overall
FIV rate of 16.5% (OT =13.2% vs. PT=20.6%). The results
for FJV rates in the literature vary widely. In a study by Chen
et al. [7], the authors found superior facet joint violation in
100% of patients treated with the Roy-Camille technique
and approximately 25% after the Weinstein technique. In
another study by Knox et al. [15], the authors found FIV
in approximately 11% of patients after minimally invasive,
percutaneous pedicle screw placement in the lumbar spine.
In a study by Moshirfar et al. [16], the authors found FIV in
24% of patients and 15% of pedicle screws.

In our study, FIV occurred significantly more often in
the percutaneous group. Additionally, significantly higher
grade FJV was found in the percutaneous group. A possible
explanation for the higher rate of FIVs using the percutane-
ous technique might be that the skin incision for pedicle

Table 1 Grade of facet joint

violation out of 1124 implanted Overall (ABS) Overall (%) OT (ABS) OT (%) PT (ABS) PT (%)

pedicle screws FIV overall 185 16.5 84 132 101 20.6
FIV grade 0 939 83.5 550 86.9 389 79.4
FIV grade I 108 9.61 48 75 31 6.4
FIV grade II 37 3.32 16 2.5 13 2.7
FIV grade IIT 40 3.53 21 3.2 56 115

OT open technique, PT percutaneous technique
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screw insertion is often lateral to the border of the pedicle.
Therefore, it may be more difficult to find the correct entry
point, especially in the lower lumbar vertebrae with higher
convergence of pedicles, using the percutaneous technique
with restricted vision of the surgical field.

In a recently published quantitative comparative meta-
analysis from Wang et al. [18], the authors found no sig-
nificant difference in the FJV rate between percutaneous
and open posterior instrumentation in the lumbar spine in
881 patients and 1755 pedicle screws (OR 0.75, 95% CI
0.24-2.30, p=0.62). Additionally, they found no difference
in the rate of severe violation between the two groups (OR
1.20, 95% CI 0.55-2.62, p=0.64). The FIV rate was 18%
(154/847) in the percutaneous group and 19% (170/918) in
the open group, which is concordant with our findings in
the PT group of our cohort of trauma patients. However, the
number of FJVs in the OT group of the current study was
relevantly lower than the reported number by Wang et al.
[18] (OT=13.2% vs. 18.7% and PT=20.6% vs. 18.2%).

In a study by Jones-Quaidoo et al. [19], the authors found
in a comparative study significantly more FJV in the percuta-
neous group (13.6%) than in an openly operated group (6%,
p=0.005). Park et al. [4] found an incidence of 50% FJV
after percutaneously placed pedicle screws in the lumbar
spine.

In a study by Babu et al. [17], the authors found that FJV
was more likely to occur in the percutaneous group than in
the open group. Furthermore, the authors found significantly
higher grade FJVs in the percutaneous group according to
their classification system than in the open group (0.62 vs.
0.45). However, those numbers are lower than our findings
of 0.89 for the percutaneous group and 0.53 for the open
group.

Unlike in the lumbar spine, there were no differences
in the incidence of FJV in the thoracic spine between the
two groups in our study. This might be mainly due to the
anatomy of the thoracic spine. The pedicles in the thoracic
spine are less convergent and lie more in a vertical line,
which makes it easier to identify the correct trajectory, and
the facet joints are oriented more medially and thus at lower
risk for being affected. Furthermore, there is less risk for
clinical consequence due to reduced mobility of the thoracic
segments.

There are reports that CT and fluoroscopy-guided naviga-
tion systems or robotic spinal surgery increase screw accu-
racy and reduce operation time as well as radiation exposure
during surgery [20, 21]. However, the literature is still non-
homogeneous. In a study published by Ringel et al. [14],
robot-assisted spinal surgery of the lumbar and sacral spine
had a higher rate of screw malposition and longer screw
placement time but equal intraoperative radiation [14]. In a

large systematic review by Gelalis, benefits for pedicle screw
navigation compared to free-hand pedicle screw placement
and fluoroscopy placement were shown [22]. However,
navigation systems are not ubiquitously accessible due to
their cost and time intensity and have previously mentioned
limitations [14].

In a study by Yson et al. [23], the authors investigated
FJV between an open and percutaneous group rate in 370
pedicle screws (245 open, 125 percutaneous) using intra-
operative 3-D CT (o-arm). The authors found an overall
FIV rate of 18.9% and a significantly lower rate of FJVs
in the percutaneous group (open 26.5% vs. percutaneous
4%; p<0.0001) as well as an increasing rate of FJVs from
L1 to L5. The authors additionally conducted a literature
review and calculated a pooled weighted mean of FIV of
27% for the percutaneous technique and 23% for open pedi-
cle insertion.

The main limitation of this study is its retrospective
design and its lack of randomization. Multiple surgeons
performed the surgeries, and no analysis of potential risk
factors for FJV, such as scoliosis, body mass index or previ-
ous surgeries, was performed.

Conclusion

In this study, we found that FJV is more likely to occur in
percutaneously placed pedicle screws. Additionally, more
severe FJVs occur after percutaneously inserted pedicle
screws. However, in the thoracic spine, we did not find a
significant difference between the open and percutaneous
techniques. Therefore, especially in cases with challenging
anatomical aspects, open screw placement should be consid-
ered to avoid FJV, especially in the lumbar spine. Navigated
percutaneous screw placement might be a beneficial option
to use in such challenging cases.
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