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Facet Joint Violation by Thoracolumbar 
Percutaneous Pedicle Screw and Its Effect on 

Progression of Facet Joint Osteoarthritis
Takeshi Sasagawa

Department of Orthopedics Surgery, Toyama Prefectural Central Hospital, Toyama, Japan   

Study Design: A retrospective study.
Purpose: This study aimed to investigate the rate and associated factors of facet violation (FV) in percutaneous pedicle screws (PPS) 
from the thoracic to the lumbar spine and the effect of FV on facet osteoarthritis (OA) progression.
Overview of Literature: Some reports claim PPS has a higher FV rate than conventional open surgery. However, previous reports of 
FV in PPS were limited to the lumbar spine; only a few reports included the thoracic spine.
Methods: The present study includes 1,028 PPS inserted from T4 to S1 in 218 patients. The rate of FV and facet OA progression after 
FV were assessed using computed tomography (CT) scans conducted postoperatively at 1 week and 6 months or more. To identify 
factors associated with FV or facet OA progression after FV, a multivariate logistic regression analysis was conducted. To investigate 
whether FV caused facet OA progression, we compared OA progression between patients with FV and matched controls.
Results: FV was observed in 68 (6.6%) of the 1,028 facets, and the thoracic spine was identified as an independent factor associated 
with FV. OA progression was detected in 48.2% of the cases with FV via CT scans conducted postoperatively at a mean duration of 
22.6 months. The time between CT scans was identified as an independent factor for facet OA progression after FV. The rate of OA 
progression in patients with FV was significantly greater than that of the controls.
Conclusions: FV was observed in 6.6% of the patients, and the thoracic spine was identified as an independent factor associated 
with FV. OA progression of a violated facet occurs over time. FV is considered a complication leading to facet OA progression.
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Introduction

Spinal stabilization using percutaneous pedicle screws 
(PPS) has many advantages, including less blood loss and 
muscle invasiveness compared with conventional open 
surgery. It is a widely accepted method for the manage-

ment of a variety of spinal conditions requiring stabi-
lization from the thoracic to the lumbar spine [1-4]. In 
contrast, there are some reports that the facet violation 
(FV) rate of PPS is higher than that of the conventional 
open surgery [5,6]. Clinically, superior FV is thought 
to contribute to accelerated adjacent segment disease 
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(ASD) after instrumented spinal fusion [7,8]. Although 
the natural history of the adjacent disc and the increased 
biomechanical stress placed on the segments adjacent to 
the fusion construct are inevitable, the iatrogenic disrup-
tion of the adjacent facet joint can contribute to ASD and 
is potentially avoidable. The rate of ASD varies widely in 
literature, from 5.2% to 100% [7]. The rate of symptomatic 
ASD is lower, however, and ranges from 12.2% to 18.5% 
in patients with transpedicular instrumentation [7]. This 
highlights the importance of avoiding adjacent FV during 
instrumented posterior fusions, and thus understanding 
the nuances of FV in PPS is important. However, previ-
ous reports that referred to FV in PPS were limited to the 
lumbar spine [5,6,9-13], and only a few reports included 
the thoracic spine [14,15]. Thus, details of FV in PPS in-
cluding the thoracic spine are still unclear. Furthermore, 
although FV may be a risk factor for facet osteoarthritis 
(OA), only a few reports have investigated the occurrence 
of facet OA after FV [15,16]. Therefore, it remains unclear 
whether FV causes facet OA. This study aimed to inves-
tigate the risk and rate of FV in PPS from the thoracic to 
the lumbar spine, and to determine the effect of FV on 
facet OA progression.

Materials and Methods

1. Patient

This study was approved by the medical ethics commit-
tee of Toyama Prefectural Central Hospital (approval no.,  
5932). Informed consent to use all the patient data was 
obtained from all patients. At Toyama Prefectural Central 
Hospital (Toyama, Japan), PPS was introduced in Febru-
ary 2013. The present study includes data of 218 patients 
out of 254 who underwent posterior spinal stabilization 
using PPS for a variety of spinal conditions requiring 
stabilization from the thoracic to lumbar spine between 
February 2013 and October 2020. The 36 patients that 
were excluded from this study include 34 who had diffuse 
idiopathic skeletal hyperostosis and two who did not have 
computed tomography (CT) scans within 1 week post-
operatively. There were 115 men and 103 women with a 
mean age of 62.3±15.6 years (range, 12–95 years) a mean 
body mass index (BMI) of 23.1±3.9 kg/m2 (range, 13.7–
38.2 kg/m2). A total of 1,161 PPS were inserted from T4 to 
S1 across the 218 patients; 133 facet joints were excluded 
because of an associated facetectomy. Of the remaining 

1,028 screws, 516 were inserted on the right side and 
512 on the left side. The levels were classified into three 
regions [15]: the thoracic spine (T4–T11, n=226), thora-
columbar spine (T12–L1, n=179), and lumbosacral spine 
(L2–S1, n=623). Among the 218 patients, 110 presented 
with degenerative disease (n=337 PPS), 68 with trauma 
(n=416 PPS), 21 with a tumor (n=138 PPS), and 19 with 
infection (n=137 PPS). All PPS insertions were conducted 
by a single surgeon using fluoroscopy. The entry point was 
at 2 or 10 o’clock, along the right or left side of the pedicle, 
respectively, using a posteroanterior view technique with 
a lateral-to-medial trajectory [14].

FV was assessed using CT scans conducted postopera-
tively within 1 week. FV was classified as a craniocaudal 
violation, a mediolateral violation, or a screw head viola-
tion [15]. Craniocaudal screw violations were further clas-
sified as extraarticular (grade 1), intraarticular (involving 
the caudal third of the facet joint; grade 2), or transarticu-
lar (grade 3) (Fig. 1). Mediolateral screw violations were 
further classified as extraarticular (grade 1), intraarticular 
(involving the lateral third of the facet joint; grade 2), or 
transarticular (grade 3) (Fig. 1). The extent of facet de-
pression caused by the screw head was further classified 

Fig. 1. Grading of the cranio-caudal screw position: grade 1, extraarticular; 
grade 2, intraarticular involving the caudal third of the facet joint; grade 3, 
trans-articular. Grading of the medio-lateral screw position: grade 1, extraartic-
ular; grade 2, intraarticular involving the lateral third of the facet joint; grade 3, 
trans-articular. Grading of the extent of facet depression caused by the screw 
head: grade 1, no depression; grade 2, depression <1/3 of the facet joint; grade 
3, depression >1/3 of the facet joint. Grading of facet osteoarthritis: grade 
1, absent; grade 2, minor osteoarthritis characterized by cartilage thinning, 
subchondral sclerosis and/or presence of intraarticular gas; grade 3: severe 
osteoarthritis if the joint space was very narrow and osteophytes present.

Grade 1 Grade 2 Grade 3

Cranio-caudal 
screw position

Medio-lateral 
screw position

Facet osteoarthritis

Facet depression 
by the screw head
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as: no depression (grade 1), depression <1/3 (grade 2), or 
depression >1/3 of the facet joint (grade 3) (Fig. 1) [15].

2. Rate and associated factors of facet violation

The rate and type of FV were investigated at each level of 
instrumentation. We divided the screws into the FV and 
non-FV groups. We compared the two groups for sex, age, 
BMI, type of disease, level of instrumentation, laterality, 
and PPS diameter and length. To understand the influ-
ence of the learning curve on FV, the consecutive surger-
ies were numbered chronologically from 1 to 254, which 
included the 36 patients excluded from the study. To iden-
tify the factors associated with FV, a multivariate logistic 
regression analysis was conducted wherein the presence 
or absence of FV was used as a dependent variable, and 
items that were significantly different on univariate analy-
sis were independent variables.

3.   Occurrence and associated factors of progression of 
facet osteoarthritis after facet violation

The occurrence and progression of facet OA were investi-
gated. Of the violated facets, those that had postoperative 
CT images after 6 months or more were included in this 
investigation. Facet OA was classified into three grades 
(Fig. 1) [15]: absent (grade 1); minor OA (characterized by 
cartilage thinning, subchondral sclerosis, and/or presence 
of intraarticular gas; grade 2); or severe OA (very narrow 
joint space with osteophytes present; grade 3). We defined 
progression as those wherein the OA grade changed by 
at least one grade within 1 month or less preoperatively 
and 6 months or more postoperatively. We divided the 
FV facets into the OA progression and nonprogression 
groups, comparing the two groups for sex, age, BMI, time 
between CT scans, type of disease, instrumentation level, 
range of stabilization, laterality, PPS diameter and length, 
facet stabilization, and violation grade. The most cranial 
facet joint of the instrumented spinal segments is defined 
as the “not stabilized facet”, whereas the others are the 
“stabilized facets”. To identify the factors associated with 
progression, a multivariate logistic regression analysis was 
conducted wherein the presence or absence of progres-
sion was used as a dependent variable, and items which 
were significantly different on univariate analysis were the 
independent variables.

4.   Investigation of facet violation as a cause for facet os-
teoarthritis progression

To investigate whether FV caused facet OA progression, 
we compared OA progression between the FV and non-
FV groups. To exclude the influence of items other than 
FV, we used the nonviolated facets of patients who had vi-
olated facets as a control group (non-FV group) and com-
pared the occurrence of facet OA progression between the 
groups.

5. Statistical analyses

All data are expressed as mean±standard deviation. 
Mann-Whitney U-test, chi-square test, or Fisher exact 
test were performed to compare each item, as appropriate. 
Multivariate logistic regression analysis was used to iden-
tify the factors associated with FV and those with progres-
sion of facet OA after FV. Differences with p<0.05 were 
considered statistically significant. All statistical analyses 
were conducted using IBM SPSS Statistics for Windows 
ver. 22.0 (IBM Corp., Armonk, NY, USA).

Results

1. Rate and associated factors of facet violation

FV was observed in 68 out of the 1,028 facets (6.6%) on 
CT scans conducted postoperatively within 1 week, in-
cluding 43 screws (43/226, 19.0%) inserted in the thoracic 
spine, 2 (2/179, 1.1%) in the thoracolumbar spine, and 
23 (23/623, 3.7%) in the lumbosacral spine. The rate of 
FV at each vertebra is presented in Table 1. Almost all 
FVs in the thoracic spine and thoracolumbar junction 
were craniocaudal and mediolateral. In the lumbosacral 
spine, screw head violation was more frequent compared 
with craniocaudal or mediolateral violation. The types 
and grading of FV at each level are described in Table 2. 
Tumors occurred at significantly higher rates in the FV 
group (n=68) than in the non-FV group (n=960). In con-
trast, the rate of trauma in the FV group was significantly 
less compared with that in the non-FV group. The FV 
group, compared with the non-FV group, had signifi-
cantly greater proportion of PPS placed in the thoracic 
spine and significantly less proportion of PPS placed in 
the thoracolumbar junction and lumbosacral spine. In the 
FV group, the PPS were significantly smaller in diameter 
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and shorter in length than the non-FV group (Table 3). A 
multivariate logistic regression analysis was conducted to 
identify the factors associated with FV. Only the thoracic 
spine was identified as an independent factor associated 
with FV (odds ratio, 4.73; 95% confidence interval, 2.18–
10.23) (Table 4).

2.   Occurrence and associated factors of progression of 
facet osteoarthritis after facet violation

Of the 68 violated facets from 36 patients, 57 facets (83.8%) 
from 30 patients had CT images available at 6 months or 
more after surgery. After excluding one facet because it 
became osteolytic due to a postoperative tumor, 56 facets 
were included this investigation. The mean time between 
CT scans was 22.6±13.3 months (range, 6–48 months). 
Of the 56 facets, OA progressed in 27 facets (48.2%). The 
time between CT scans in the OA progression group 
(n=27) was significantly longer than in the nonprogres-
sion group (n=29). Screw length was significantly shorter 
in the OA progression group than in the nonprogression 
group (Table 5). A multivariate logistic regression analy-
sis revealed that time between CT scans was the only 
independent factor associated with progression of facet 
OA after FV (odds ratio, 1.07; 95% confidence interval, 
1.02–1.12) (Table 6).

Table 2. Types and grading of facet violation

Level Cranio-caudal violation Medio-lateral violation Screw head violation Totala)

Thoracic spine (T4–11) 41 (3) 38 (13)   1 (1) 43 (14)

Thoracolumbar junction (T12–L1)   2 (0)   2 (0)   0 2 (0)

Lumbosacral spine (L2–S)   9 (4)   9 (7) 15 (3) 23 (9)

Total 52 (7) 49 (20) 16 (4) 68 (23)

The values without parentheses describe the total number of FV screws of grade 2 + grade 3, and the values given in parentheses are only for grade 3.
FV, facet violation.
a)Some screws had multiple types of FV.

Table 3. Demographic data and the relationship between FV group and non-FV 
group

Variable FV group 
(n=68)

Non-FV 
group (n=960) p-value

Sex 0.706

Men 40 540

Women 28 420

Age (yr)   64.5±11.3   60.9±16.2 0.216

Body mass index (kg/m2) 22.9±5.0 22.9±3.9 0.339

Consecutive no. of surgeries 128.7±78.6 123.3±73.5 0.610

Type of diseases <0.05

Degeneration 16 321

Trauma 18 398

Infection 10 127

Tumor 24 114

Level <0.05

Thoracic spine (T4–11) 43 183

Thoracolumbar junction (T12–L1)   2 177

Lumbosacral spine (L2–S1) 23 600

Laterality 0.803

Right 33 483

Left 35 477

Screw diameter (mm)   5.7±0.7   6.0±0.5 <0.05

Screw length (mm) 41.8±4.6 44.2±3.6 <0.05

Values are presented as number or mean±standard deviation.
FV, facet violation.

Table 1. Rate of FV at each vertebra

Variable
Level

T4 T5 T6 T7 T8 T9 T10 T11 T12 L1 L2 L3 L4 L5 S1

Total 14 23 16 18 30 25 34 66 99 80 98 131 201 165 28

FV   1   6   5   7 11   6   4   3   2   0   1     5     5   11   1

Non-FV 13 17 11 11 19 19 30 63 97 80 97 126 196 154 27

FV (%)   7.1 26.1 31.3 38.9 36.7 24.0 11.8   4.5 2.0   0   1.0     3.8     2.5     6.7   3.6

FV, facet violation.
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3.   Determining whether facet violation causes facet os-
teoarthritis progression

There were 119 nonviolated facets from 30 patients who 
had violated facets had available CT images at 6 months 
or more after surgery. After excluding one facet because 
of facet dislocation due to trauma, 118 facets were used 
as a control group (non-FV group). Sex, age, BMI, time 
between CT scans, and type of disease were not differ-
ent between the FV (n=56) and non-FV groups (n=118). 
OA progression was observed in 27/56 facets (48.2%) of 
the FV group and in 12/118 facets (10.2%) of the non-FV 
group. The rate of OA progression was significantly more 
frequent in the FV group compared with that in the non-
FV group (Table 7).

Discussion

At present, the rate of FV due to PPS is reported to be 
between 1.5% and 58% [5,6,9-13]. In the present study, 
the rate of FV was 6.6%. Although there are some reports 
concerning the risk factors for FV after PPS, those studies 
were limited to the lumbar level. Lumbar spine location, 
L5, high BMI, and large facet angle have been identified 
as risk factors for FV due to PPS [11-13]. In this study, we 
included not only the lumbar spine but also the thoracic 
spine, and we were able to identify the thoracic spine as 
an independent risk factor associated with FV due to PPS. 
This high risk in the thoracic spine is thought to be the 
result of its unique anatomy, such as the coronal facet, the 
sloped cortex of the transverse process, and the narrow, 
large sagittally angled pedicle. Previous studies suggested 

that FV is more likely to occur with a coronal facet in the 
lumbar spine [12,13]. In the thoracic spine, the facet joint 
is more coronally oriented than in the lumbar spine [17]. 
The coronal facet blocks the pathway of the PPS. Because 
of the sloped cortex of the transverse process, inserting a 
conventional pedicle screw at the thoracic level involves 
using a burr or rongeur to remove cortical bone over the 
superior aspect of the pedicle to visualize the cancellous 
bone [18]. However, the percutaneous approach cannot 
be achieved with this process. Because the entry point of 
the thoracic PPS is at a rounded, sloping surface with cor-
tical bone, the starter needle can easily deviate from the 
entry point and migrate medially to cause FV [18] (Fig. 
1). Inserting the pedicle screw at the thoracic level is also 
technically challenging due to the narrow pedicle [17-
20]. Because the sagittal angle of the thoracic pedicle is 
large, it should be inserted along the craniocaudal direc-
tion [17,21], which easily can violate the cranial facet joint 
(Fig. 1). In the present study, the rate of FV at T5–T10 was 
>10%, and especially high at T7 and T8, which are levels 
with a large sagittal angle and narrow pedicle [17,20]. For 
these reasons, PPS in the thoracic spine are more likely 
to pass the facet, leading to more frequent craniocaudal 
and mediolateral FV. The univariate analysis revealed that 
in the FV group, the PPS were significantly smaller in 
diameter and shorter in length than the non-FV group. 
This fact explains how the thoracic spine was a factor as-
sociated with FV because the PPS would be smaller and 
shorter in the thoracic spine than in the lumbar spine. On 
multivariate logistic regression analysis, only the thoracic 
spine was identified as an independent factor associated 
with FV.

Table 4. Data for each associated factor using binomial logistic regression analysis

Factor p-value Odds ratio (95% confidence interval) Beta coefficient

Type of disease -0.020

Degeneration 0.32 1.50 (0.68–3.33)

Infection 0.75 0.87 (0.37–2.05)

Tumor 0.06 2.01 (0.99–4.09)

Level -0.182

Thoracic spine (T4–11) <0.05  4.73 (2.18–10.23)

Thoracolumbar junction (T12–L1) 0.15 0.33 (0.07–1.51)

Screw diameter 0.61 0.87 (0.50–1.49) -0.044

Screw length 0.31 0.96 (0.89–1.04) -0.064

The category with the most facet violations (trauma for type of disease and lumbosacral spine for level) was used as a reference (R2=0.055).
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In the lumbosacral spine, screw head violations were 
more frequent compared with craniocaudal or mediolat-
eral violations. This may be caused by deep PPS insertion 

because the depth of the screw head cannot be confirmed 
directly, and the screw head can violate a sagittally di-
rected lumbar facet joint (Fig. 1). The use of intraopera-

Table 5. Demographic data and the relationship between the OA progression group and non-progression group

Variable OA progression group (n=27) OA non-progression group (n=29) p-value

Sex 0.06

Men 10 19

Women 17 10

Age (yr)   64.4±11.2   67.4±11.2 0.71

Body mass index (kg/m2) 22.4±3.8 21.3±2.6 0.10

Time between computed tomography (mo)   28.2±13.4   17.4±10.8 <0.05

Type of disease 0.64

Degeneration   8   5

Trauma   6 10

Infection   8   9

Tumor   5   5

Level 0.33

Thoracic spine (T4–11) 18 16

Thoracolumbar junction (T12–L1)   0   2

Lumbosacral spine (L2–S1)   9 11

Range of stabilization 0.40

1 or 2 levels   7 11

3 levels or more 20 18

Laterality 0.40

Right 14 13

Left 13 16

Screw diameter (mm)   5.5±0.6   5.8±0.8 0.40

Screw length (mm) 40.6±4.4 43.1±4.6 <0.05

Facet stabilization 0.78

Not stabilized facet   3   6

Stabilized facet without anterior support 21 19

Stabilized facet with anterior support   3   4

Violation grade 0.09

Grade 2 16 23

Grade 3 11   6

Values are presented as number or mean±standard deviation.
OA, osteoarthritis.

Table 6. Data for each associated factor using binomial logistic regression analysis

Factor p-value Odds ratio (95% confidence interval) Beta coefficient

Time between computed tomography <0.05 1.07 (1.02–1.12)  0.377

Screw length  0.09 0.89 (0.78–1.02) -0.222

R2=0.213.
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tive three-dimensional CT computer navigation in the 
lumbar spine reportedly has a lower FV rate [22], but this 
requires expensive special equipment that not all facilities 
are capable of operating. Therefore, using a longer PPS is a 
simple countermeasure to prevent screw head FV.

In this study, the time between CT scans was identified 
as an independent factor for the progression of facet OA 
after FV. Thus, OA progression from a violated facet may 
occur over time. To our knowledge, only two reports have 
investigated the occurrence of facet OA after FV due to 
PPS, both targeting spinal trauma patients [15,16]. These 
two reports had conflicting findings about whether FV is 
related to facet OA [15,16]. Tromme et al. [15] reported 
no differences in FV rate between an OA progression ver-
sus a nonprogression group. However, the time between 
CT scans was significantly different between groups, 
and thus factors other than FV may have contributed 
to facet OA in that study. Therefore, our study analyzed 
the nonviolated facets of patients who had violated fac-
ets as a control group to exclude other influences. With 
that approach, we found that OA progression in the FV 
group was significantly more frequent compared with in 
the non-FV group. Therefore, we concluded that FV is a 
complication leading to facet OA progression. Although 
Proietti et al. [16] reported that FV is related to facet OA, 
that study had some limitations such as small sample size 
and short-term follow-up. Our study, which has a larger 
sample size and longer follow-up supports the finding that 

FV is related to facet OA. As the time between CT scans 
was identified as an independent factor for the progres-
sion of facet OA after FV, we conclude that facet OA oc-
curs chronologically even in the nonprogression group. 
Furthermore, because OA progression was significantly 
more frequent in the FV group compared with in the 
non-FV group, FV especially in a nonstabilized cranial 
adjacent facet or temporally fixed facet should be avoided.

The current study had more PPS inserted by a single 
surgeon compared with previous studies. It has been 
reported that the incidence of FV declines with more 
surgical experience [13]. However, in the present study, 
the consecutive number of surgeries was not significantly 
different between the FV and non-FV groups. Thus, FV is 
a complication that must always be considered, even if the 
surgeon has become more familiar with PPS insertion.

There are some limitations to the present study. In this 
study, the FV rate was low (6.6%), so the sample size of 
FV is still small. It is possible that some variables would 
have been significantly different between the groups if the 
sample size were larger. For example, although severe FV 
(grade 3) caused more frequent progression of facet OA 
than mild FV (grade 2), there was no significant differ-
ence in FV grade (Table 5). This study also cannot address 
ASD caused by FV. In this study, no patient required revi-
sion due to ASD caused by FV. This may be the result of a 
small sample size and short follow-up period because only 
eight cases (nine facet joints) had FV at the most cranial 

Table 7. OA grade, progression and the relationship between the FV group and the non-FV group

Variable FV group (n=56) Non-FV group (n=118) p-value

Time between computed tomography (mo) 22.6±13.3 19.6±10.1 0.27

OA grade (1 month or less preoperatively) 0.95

1 37 84

2 17 33

3   2   1

OA grade (6 months or more postoperatively) <0.05

1 15 78

2 21 28

3 20 12

OA progression <0.05

+ 27 12

- 29 106

Values are presented as number or mean±standard deviation.
OA, osteoarthritis; FV, facet violation.
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facet joint. Therefore, further studies with a larger sample 
size and longer follow-up period are needed to verify this. 
Spinal degeneration, including facet OA, may be affected 
by overall sagittal alignment, which was not assessed in 
this study. We were able to identify the independent fac-
tors associated with FV or OA progression, but it is not 
suitable to use those results to predict FV or OA progres-
sion because the R2 values of the multivariate model were 
low. Furthermore, all PPS insertions were conducted by a 
single surgeon. Therefore, the tendency for the type of FV 
may be strongly affected by the surgeon’s technique. Fur-
ther studies are necessary to understand the occurrence of 
FV from PPS and its effect on facet OA.

Conclusions

FV from thoracolumbar PPS was observed in 68 (6.6%) 
out of the 1,028 facets, and the thoracic spine was identi-
fied as an independent factor associated with FV. Progres-
sion of OA was seen in 48.2% of violated facets on CT 
scans conducted postoperatively at a mean duration of 
22.6 months. The time between CT scans was identified as 
an independent factor associated with progression of facet 
OA after FV. Therefore, OA progression of a violated facet 
occurs over time. The FV group had significantly greater 
rate of OA progression than the non-FV group. Therefore, 
FV is considered a complication leading to facet OA pro-
gression.
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