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Abstract

Study Design: Anatomic cadaver study.

Objective: Translaminar facet screw fixation supplements unilateral pedicle screw-rod fixation in minimally invasive
transforaminal lumbar interbody fusion (TLIF). Various screw diameters, lengths, trajectories, and insertion points are
used; however, they do not represent true screw trajectory. We aimed to evaluate lumbar laminar anatomy and suggest
a safe and effective insertion point and trajectory during lumbar-translaminar facet screw fixation in an anatomic cadaver
study.

Methods: O-arm navigation simulating the true translaminar facet screw trajectory was used to evaluate L1-S1 in cadaveric
spines. The inner and outer diameters, length, and trajectory of the screw pathway were measured along the trajectory from the
spinous process base through the contralateral lamina, crossing the facet joint to the transverse process base using 2 starting
points: cephalad one-third (1/3SL) and one-half (1/2SL) of the spinolaminar junction.

Results: Using the 1/2SL starting point, the outer and inner lamina diameters did not differ significantly from L1-L5 (7.47 + 1.38
to 6.7 + 1.84 mm and 4.73 + 1.04 to 3.86 + 1.46 mm, respectively). Screw length (36.16 + 4.02 to 49.29 + 10.07 mm) and
lateral angle increased (50.28� + 8.78� to 60.77� + 8.88�), but caudal angle decreased (16.19� + 9.01� to 1.13� + 11.31�).
Lamina diameter and screw length did not differ with different starting points. L2-L3 caudal angles were lower in the 1/2SL starting
point.

Conclusion: A 36- to 50-mm translaminar facet screw—with 5.0-mm diameter for L1-L2 and 4.5-mm diameter for L3-L5—can
be inserted at the middle of the spinolamina, especially during minimally invasive TLIF, with a 50� to 60� lateral angle relative to the
spinous process, and a caudal angle of 16� to 1� relative to the spinolamina from L1-L5.

Keywords
translaminar facet screw, O-arm navigation, trajectory, insertion point, screw length, screw diameter, pedicle screws, zygapo-
physeal joint, lumbosacral region

Introduction

Facet screw fixation was first described by King in 1948 as the

placement of a short screw directly across the facet joint.1 In

1959, Boucher2 used a modified method called “transfaceto-

pedicular screw fixation,” which used a longer screw directed

toward the pedicle. Benini and Magerl3 proposed a method

called “translaminar facet screw fixation” (TLFS), which used

a much longer screw that started from the base of the spinous

process, threaded through the entire lamina, across the facet
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joint, and ended at the attachment of the transverse process and

the pedicle.

In biomechanical studies involving single and 2-level

fusion, TLFS was equivalent in stability to traditional pedicle

screw fixation.4-6 Therefore, TLFS could be used to supple-

ment anterior lumbar interbody fusions.7 The clinical use of

TLFS with a unilateral pedicle screw to supplement lumbar

interbody fixation has shown promise—especially using the

open and minimally invasive surgery (MIS) technique—with

excellent fusion rates of 87.9% to 100%, lower complications,

and 35% lower implant costs.7-10 Moreover, TLFS can be used

bilaterally in degenerative lumbar fusions, resulting in clinical

outcomes and complication rates that were comparable to bilat-

eral pedicle screw supplement to TLIF.11

Various screw diameters ranging from 4.0 to 4.5 mm and

various insertion points have been reported.1-4 Sasso et al12

used 4.0 mm screws for the placement of TLFS, resulting in

a dorsal laminar breach in 50% of cases and a terminal point of

screw breakout in 50% of cases. Further investigation of proper

screw diameter and correct trajectory is required.12 Previous

studies aimed to evaluate the lamina and facet anatomy for

TLFS placement using cadavers or computed tomography

(CT) imaging13,14; however, this did not reflect the ideal tra-

jectory of the screw. We performed this study using

3-dimensional (3D) CT-based navigation to evaluate the

lamina and facet anatomy of L1-S1 according to the true screw

trajectory pathway. This study aimed to evaluate the insertion

point, laminar diameter, screw length, and screw trajectory in

TLFS of the lumbar spine.

Methods

This study was approved by the institutional review board of

our institution. Eleven fresh frozen human cadavers (7 males, 4

females; mean age 72.7 years [range: 57-94 years]) with intact

lumbar spines from L1-S1 were used. Sixty-six vertebral bod-

ies were included. Before measurement, cadavers were first

thawed to room temperature (25 �C) and then posterior midline

dissection of the lamina of L1-S1 was performed. The O-arm

Imaging System, Synergy Spine Software, and StealthStation

system (Medtronic Navigation) were used to assess the laminae

of the lumbar spines. The navigation probe was placed at the

starting point for TLFS placement of each lamina at the base of

the spinous process at the spinolaminar junction. Two starting

points were evaluated: the cephalad one-third of the spinola-

mina (1/3SL) (Figure 1a) and the middle of the spinolamina (1/

2SL) of each vertebra (Figure 1b). The navigation probe was

inserted at the starting point, projecting through the contralat-

eral lamina, crossing the mid-portion of the contralateral facet

joint to the base of the contralateral transverse process

(Figure 1c and d). The narrowest inner and outer diameters

of the lamina along the trajectory of the navigation probe were

measured, representing the space for screw diameter placement

(Figure 1c). The trajectory length was measured from the

Figure 1. Images along the screw trajectory plane are shown. The starting point trajectory at the cephalad one-third of the spinolamina (white
line) crossing the lamina through the contralateral facet joint (asterisk) (a); the starting point at the middle of the spinolamina (white line) (b);
inner (white brace) and outer diameter (white dot) of the lamina along the screw trajectory (c); length of the translaminar screw along the
trajectory (d); lateral angle of the trajectory relative to the spinous process (e); caudal angle of the trajectory relative to the perpendicular line of
the spinolamina (white dot) (f). The solid white line represents the screw trajectory.
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starting point at the base of the spinous process to the outermost

cortex at the base of the transverse process, representing the

screw length (Figure 1d). The trajectory of the probe represent-

ing the trajectory of the screw placement was measured as the

lateral angle and the caudal angle. The lateral angle was the

angle of the navigation probe relative to the spinous process

(Figure 1e). The caudal angle was the angle of the navigation

probe relative to the perpendicular line of the spinolamina

(Figure 1f). All parameters were measured using the O-arm

Imaging System, and Synergy Spine Software under the

StealthStation system (Medtronic Navigation). All parameters

were measured thrice on both sides of the lamina of each ver-

tebra and averages were used for analysis. Statistical analyses

were performed using SPSS version 22.0 (IBM Corp, Chicago,

IL). The difference in parameters at different vertebral levels

was analyzed with a single-factor analysis of variance

(ANOVA). The differences between the 2 starting points and

the sides were analyzed with a paired t test. The difference

between sexes was analyzed with an independent t test.

Intraobserver reliability was evaluated using Cronbach’s alpha.

A P value less than .05 was considered statistically significant.

Results

The 3 observations for each parameter showed good reliability

(intraclass correlation coefficient [ICC] >0.75). There was no

statistical difference observed between sides and between sexes

(P > .05). The outer diameters of the lamina were not statisti-

cally different from L1-L5 with starting points at 1/3SL and

1/2SL (7.18 + 1.37 to 6.59 + 1.68 mm and 7.47 + 1.38 to

6.7 + 1.84 mm, respectively, P > .05). No statistical differ-

ence (P> .05) in the outer diameter was detected between the 2

starting points (Table 1). Similarly, the inner diameters of the

lamina were not statistically significant according to either

level or starting point (4.58 + 1.14 to 3.78 + 1.57 mm for

1/3SL and 4.73 + 1.04 to 3.86 + 1.46 for 1/2SL, P > .05)

(Table 2). The mean screw lengths gradually increased from

L1-L5, ranging from 37.18+ 3.58 to 45.67+ 7.16 mm for the

1/3SL starting point (P ¼ .009) and from 36.16 + 4.02 to

49.29 + 10.07 mm for the 1/2SL starting point (P < .001).

For the TLFS of L1-2, the screw length with a 1/3SL starting

point was significantly longer than that of the 1/2SL starting

point (P¼ .044) (Table 3). Regarding the screw path trajectory,

the lateral angles gradually increased from L1-L5, ranging

from 49.53� + 7.98� to 60.1� + 9.66� for the 1/3SL starting

point (P ¼ .005) and from 50.28� + 8.78� to 60.77� + 8.88�

for the 1/2SL starting point (P ¼ .020). Conversely, the caudal

angles gradually decreased from L1-L5, ranging from 18.53�

+ 7.89� to 4.32� + 11.63� for the 1/3SL starting point (P ¼
.001) and from 16.19� + 9.01� to 1.13� + 11.31� for the 1/2SL
starting point (P ¼ .001). At the L2 and L3 vertebra, the caudal

angles of the 1/3SL starting point were significantly greater

than those at 1/2SL (P¼ .009 and .011, respectively) (Table 4).

Discussion

Lumbar arthrodesis is a treatment for various degenerative

lumbar spinal diseases. Instrumentation of lumbar arthrodesis

Table 1. The Outer Diameter of the Lamina According to the
Cephalad One-Third and One-Half of the Spinolamina in Fresh
Cadaveric Vertebrae.

The outer diameter of the lamina (mm), mean + SD

Level

The cephalad
one-third of

the spinolamina

The cephalad
one-half of

the spinolamina Mean difference Pa

L1 7.18 + 1.37 7.47+1.38 0.29 + 0.66 .081
L2 7.22 + 1.33 7.09+1.06 �0.14 + 1.25 .635
L3 6.89 + 1.25 6.79+1.07 �0.11 + 0.81 .570
L4 6.5 + 1.21 6.65+1.23 0.15 + 0.98 .571
L5 6.59 + 1.68 6.7+1.84 0.11 + 1.07 .715
Pb .564 .362

aComparison between the 2 starting points.
bComparison between each spinal level.

Table 2. The Inner Diameter of the Lamina According to the
Cephalad One-Third and One-Half of the Spinolamina in Fresh
Cadaveric Vertebrae.

Level

The inner diameter of the lamina (mm), mean + SD

The cephalad
one-third of

the spinolamina

The cephalad
one-half of

the spinolamina
Mean

difference P*

L1 4.58 + 1.14 4.73 + 1.04 �0.15 + 0.81 .443
L2 4.45 + 0.96 4.16 + 0.59 0.29 + 0.69 .077
L3 4.24 + 0.97 3.93 + 0.67 0.31 + 0.77 .089
L4 3.83 + 1.07 3.89 + 0.87 �0.05 + 0.94 .830
L5 3.78 + 1.57 3.86 + 1.46 �0.09 + 0.88 .722
Pb .377 .112

aComparison between the 2 starting points.
bComparison between each spinal level.
SD, standard deviation.

Table 3. Screw Length According to the Cephalad One-Third and
One-Half of the Spinolamina in Fresh Cadaveric Vertebrae.a

Level

Screw length (mm), mean + SD

The cephalad
one-third of

the spinolamina

The cephalad
one-half of

the spinolamina
Mean

difference Pb

L1 37.18 + 3.58 36.16 + 4.02 1.03 + 2.00 .044
L2 39.01 + 4.57 38.71 + 4.69 0.30 + 2.02 .514
L3 41.81 + 4.85 40.3 + 4.68 1.52 + 3.23 .050
L4 44.03 + 6.98 44.54 + 7.26 �0.51 + 2.97 .519
L5 45.67 + 7.16 49.29 + 10.07 �3.61 + 7.52 .096
Pc .009 <.001

a Boldfaced entries indicate statistical significance (P < .05).
bComparison between the 2 starting points.
cComparison between each spinal level.
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starting point at the base of the spinous process to the outermost

cortex at the base of the transverse process, representing the

screw length (Figure 1d). The trajectory of the probe represent-

ing the trajectory of the screw placement was measured as the

lateral angle and the caudal angle. The lateral angle was the

angle of the navigation probe relative to the spinous process

(Figure 1e). The caudal angle was the angle of the navigation

probe relative to the perpendicular line of the spinolamina

(Figure 1f). All parameters were measured using the O-arm

Imaging System, and Synergy Spine Software under the

StealthStation system (Medtronic Navigation). All parameters

were measured thrice on both sides of the lamina of each ver-

tebra and averages were used for analysis. Statistical analyses

were performed using SPSS version 22.0 (IBM Corp, Chicago,

IL). The difference in parameters at different vertebral levels

was analyzed with a single-factor analysis of variance

(ANOVA). The differences between the 2 starting points and

the sides were analyzed with a paired t test. The difference

between sexes was analyzed with an independent t test.

Intraobserver reliability was evaluated using Cronbach’s alpha.

A P value less than .05 was considered statistically significant.

Results
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(intraclass correlation coefficient [ICC] >0.75). There was no

statistical difference observed between sides and between sexes

(P > .05). The outer diameters of the lamina were not statisti-

cally different from L1-L5 with starting points at 1/3SL and

1/2SL (7.18 + 1.37 to 6.59 + 1.68 mm and 7.47 + 1.38 to
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ence (P> .05) in the outer diameter was detected between the 2

starting points (Table 1). Similarly, the inner diameters of the

lamina were not statistically significant according to either

level or starting point (4.58 + 1.14 to 3.78 + 1.57 mm for

1/3SL and 4.73 + 1.04 to 3.86 + 1.46 for 1/2SL, P > .05)

(Table 2). The mean screw lengths gradually increased from

L1-L5, ranging from 37.18+ 3.58 to 45.67+ 7.16 mm for the

1/3SL starting point (P ¼ .009) and from 36.16 + 4.02 to

49.29 + 10.07 mm for the 1/2SL starting point (P < .001).
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from 49.53� + 7.98� to 60.1� + 9.66� for the 1/3SL starting
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angles gradually decreased from L1-L5, ranging from 18.53�

+ 7.89� to 4.32� + 11.63� for the 1/3SL starting point (P ¼
.001) and from 16.19� + 9.01� to 1.13� + 11.31� for the 1/2SL
starting point (P ¼ .001). At the L2 and L3 vertebra, the caudal

angles of the 1/3SL starting point were significantly greater

than those at 1/2SL (P¼ .009 and .011, respectively) (Table 4).
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is augmented to intensify solid fusion and improve clinical

outcomes.15,16 The facet screw fixation method can be useful

as adjunct instrumentation of lumbar arthrodesis, including

interbody and intertransverse process fusion.4-11

TLFS provides comparable stability to traditional pedicle

screw fixation in 1- to 2-level fusion, even stand-alone bilateral

facet screw fixation.4-6 It adequately provides stability in the

augmentation of anterior lumbar interbody fusion.17 It can be

used to supplement unilateral pedicle screw rod fixation in MIS

TLIF with comparable stability to bilateral pedicle screw rod

fixation.18 Because it is less invasive, TLFS is widely used as a

supplement to unilateral pedicle screw fixation in MIS TLIF

with favorable clinical outcomes, fewer complications, and

lower costs.7,9,10,19

To our knowledge, this is the first study to describe the true

laminar diameter along with the screw trajectory using real-

time 3D CT-based navigation. The narrowest part of the outer

diameters of the lamina along the TLFS trajectory represented

the maximum diameter of the TLFS. This study showed that

the outer diameters of the lamina gradually decreased from

7.18 to 6.59 mm from L1-L5. This result supports the prior

empirical use of screw diameter.3,8,9,12,17 Kömürcü et al14

reported mean transverse diameters of L1-L5 as 7.2, 7.6, 7.8,

7.4, and 7.4 mm, respectively. The differences in the outer

diameters of the lamina were due to the measurement used in

this study, which was the transverse axis of the screw trajec-

tory; however, it is important to note that prior studies used the

transverse axis of the vertebral body. Nevertheless, the trans-

verse axis of the screw trajectory accurately represents the true

screw diameter.14 Menga et al20 reported outer lamina dia-

meters at the isthmus in the sagittal plane of L3-L5 as 5.6,

6.8, and 5.8 mm, respectively. Similarly, this does not represent

the true diameter of TLFS. The narrowest part of the inner

diameters of the lamina, along which the TLFS trajectory is

placed, represents the minimum diameter of TLFS to engage

the inner cortex. We found that the inner diameters of the

lamina also decreased from L1-L5, ranging from 4.73 to

3.86 mm. Meanwhile, Kömürcü et al14 reported transverse

inner diameters from L1-L5 in the transverse vertebral plane

of 3.0, 2.8, 3.0, 2.7, and 2.5 mm, respectively. Menga et al20

reported inner laminar diameters in the sagittal plane from

L3-L5 of 0.8, 1.9, and 1.7 mm, respectively. Both these studies

did not represent the true inner diameter along the translaminar

screw trajectory as in this study. Furthermore, we showed that

both starting points—the cephalad one-third and one-half of the

spinolamina—were not significantly related to outer and inner

laminar diameters. Both landmarks can be used as starting

points in terms of screw diameter.

The length of the translaminar screw increased from L1-L5,

ranging from 37.2 to 45.7 mm. Lu et al13 also reported transla-

minar screw paths, which are measured externally from the

base of the spinous process to the base of the transverse pro-

cess, gradually increasing from L1-L5 of 41.0, 45.3, 47.2, 50.6,

and 54.3, respectively. This may cause overestimation of the

length due to breaches outside the cortex as well as raise ques-

tions regarding the screw location inside the cortical table

across all trajectories to catch the contralateral superior facet.

A screw that is too long can cause anterior cortex penetration of

the transverse process, resulting in nerve root injury.13 At the

L1 lamina, the 1/3SL starting point required significantly lon-

ger screws than that of 1/2SL (P ¼ .044), while other levels

were not significantly different.

The screw trajectory consists of the lateral angle and the

caudal angle. In this study, we measured the lateral angle from

the angle between the screw trajectory and the spinous process

of each vertebra as the reference, which was also used by

Kömürcü et al.14 It was used as the reference given its consis-

tent anatomy and accessibility, especially with MIS TLIF.

Furthermore, this reference did not change with spine rotation

due to the deformity or the operation setting. The caudal angle

used in this study was measured as the angle between the screw

trajectory and the perpendicular line of the spinolamina. The

advantages of this reference are its consistent anatomy, acces-

sibility, especially during MIS TLIF, and no change during

surgery due to increased or decreased lordosis on the transverse

plane of the vertebra, as reported by Lu et al.13 The lateral

angles increased from L1-L5, ranging from 50.28� to 60.77�

for the 1/2SL starting point. The caudal angles decreased from

L1-L5, ranging from 16.2� to 1.1� for the 1/2SL starting point.

Their characteristics were consistent with that described by Lu

et al13 in which the L1-L5 lateral angles were 39.0� to 59.5� and
the L1-L5 caudal angles were 60.5� to 38.5�. The differences

between these values were due to the different references;

however, the spinous process and the spinolamina were more

consistent and practical intraoperatively. In the L2 lamina, the

lateral angle of the 1/3SL starting point was significantly lower

than that at 1/2SL (P ¼ .011). In the L2 and L3 lamina, the

Table 4. Screw Trajectory According to the Cephalad One-Third and
One-Half of the Spinolamina in Fresh Cadaveric Vertebrae.a

Level

The cephalad
one-third of

the spinolamina

The cephalad
one-half of

the spinolamina
Mean

difference Pb

Lateral
angle
L1 49.53 + 7.98 50.28 + 8.78 �0.75 + 4.36 .475
L2 48.12 + 8.31 50.46 + 8.93 �2.35 + 3.71 .011
L3 51.02 + 9.91 51.72 + 9.47 �0.70 + 3.26 .349
L4 56 + 7.39 53.97 + 7.79 2.04 + 7.29 .297
L5 60.1 + 9.66 60.77 + 8.88 �0.68 + 5.05 .624
Pc .005 .020

Caudal
angle
L1 18.53 + 7.89 16.19 + 9.01 2.34 + 5.33 .081
L2 18.45 + 9.87 15.86 + 9.21 2.59 + 3.96 .009
L3 16.95 + 6.63 13.89 + 7.45 3.06 + 4.82 .011
L4 8.48 + 5.98 7.39 + 5.51 1.10 + 3.86 .290
L5 4.32 + 11.63 1.13 + 11.31 3.20 + 7.66 .143
Pc .001 .001

a Boldfaced entries indicate statistical significance (P < .05).
bComparison between the 2 starting points.
cComparison between each spinal level.
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caudal angle of the 1/3SL starting point was significantly larger

than that of 1/2SL (P ¼ .009 and .011, respectively). The

caudal angle affected the trajectory of TLFS insertion by which

the screw with less caudal angle could be easily inserted

through the mini-open incision of MIS TLIF.

MIS TLIF can be performed using the unilateral mini-open

paramedian approach in the intermuscular plane of the long-

issimus and multifidus muscles with a tubular retractor.21,22

Bilateral percutaneous pedicle screws are preferred to augment

this construct, causing another unnecessary incision and violat-

ing the back muscles with the contralateral percutaneous pedi-

cle screw. TLFS is a minimally invasive technique, which can

supplement the contralateral fixation of the unilateral pedicle

screw, especially in MIS TLIF. Given that the stability of the

screws depends on the fourth power of the screw radius, larger

diameter screws can be used to enhance the stability of

constructs.23

For TLFS, 5.0- to 6.0-mm diameter screws are recom-

mended for L1-L2, depending on bone quality, and 4.5- to

5.5-mm diameter screws are recommended for L3-L5,

which are larger than previous empirical uses, with a 36-

to 50-mm long screw inserted through the lamina in the

middle of the spinolamina, directed at a 50� to 60� lateral

angle from L1-L5 relative to the spinous process, and 16� to
1� caudal angle from L1-L5 relative to the spinolamina. In

osteoporotic patients, larger diameter screws should be

selected for greater stability. The facet joints of the lower

lumbar spine are oriented toward the coronal plane.24 A

lateral 40� to 60� angle can orient the screw penetration

into the facet joint perpendicularly. The space between the

inner cortex of the lamina and the dura ranges from 1.8 to

2.6 mm in the lumbar spine.14 A small Penfield was used

while drilling the lamina to detect and protect against ante-

rior laminar penetration and palpate the contralateral facet

joint that directed the screw trajectory.13 Moreover, in cases

where bilateral TLFS is used, one screw was inserted at

1/3SL while another contralateral screw was inserted at

1/2SL to prevent screw shaft contact. Therefore, we recom-

mend an insertion point at the cephalad half with TLFS to

supplement unilateral pedicle screw fixation in MIS TLIF,

given the smaller caudal angle. The screw insertion can be

smoother through the same mini-incision used for the Peek

cage placement (Figure 2).

One limitation to this study is that measurement errors are

possible in an O-arm navigated base morphometric study.

However, all measurements were performed thrice by the

same spine specialist in the same manner on a 0.830-mm axial

slice and 0.415 mm on the coronal and sagittal slice.25

Furthermore, the ICC showed high reliability. Any errors

were minimised and negligible. All measurements were per-

formed with O-arm navigation of cadaveric spines that had

not been diagnosed definitively with degenerative spinal dis-

ease. However, all studied cadavers had aging spines (mean

age: 72.7 years), which were degenerated, deformed, and

rotated by the aging process. Consequently, the results of this

study can be applied to degenerative spinal disease. Further

prospective clinical studies on patients may be necessary in

order to compare the clinical outcomes between MIS TLIF

using a larger TLFS (4.5 mm TLFS for L3-L5 and 5.0 mm

TLFS for L1-2) supplemented with unilateral pedicle screw

fixation and conventional bilateral pedicle screw fixation.

Additionally, biomechanical studies should be conducted to

compare the stability of a larger TLFS, in contrast to tradi-

tional unilateral/bilateral pedicle screws.

Figure 2. The insertion point of the translaminar facet screw at the cephalad one-half of the spinolamina (dark screw) through the same mini-
incision to the contralateral facet in MIS-TLIF of L3-4 (a). The MIS TLIF of L3-4 with the unilateral pedicle screw rod fixation and contralateral
translaminar screw fixation via the same mini-incision using navigation (b).
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Conclusion

We recommend performing TLFS in MIS TLIF with a diameter

of 5.0 mm for L1-L2 and a 4.5-mm diameter for L3-L5, which

was larger than previous empirical uses resulting in greater

stability, with a 36- to 50-mm screw inserted through the

lamina at the middle of the spinolamina, directed with a lateral

angle of 50� to 60� from L1-L5 relative to the spinous process

with a caudal angle of 16� to 1� from L1-L5 relative to the

spinolamina line. The advantages of these references are its

consistent anatomy and accessibility. In osteoporotic patients,

a 1-mm larger screw (5.5-6.0 mm in diameter) should be

selected.
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14. Kömürcü E, Kaymaz B, Adam G, Gölge UH, Göksel F, Özden R.
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